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Spectral Properties of Active, Suspended and Relict
Landslides derived from Airborne Thematic Mapper Imagery.

M.C.Z. WHITWORTH, D.P. GILES, W. MURPHY & D.N. PETLEY
Geohazards Research Centre, School of Earth, Environmental and Physical Sciences,
Burnaby Building, Burnaby Road, University of Portsmouth, Portsmouth, UK.

INTRODUCTION
Broadway lies in a region of England that has been strongly affected by successive periods of
periglacial conditions, located just below the southern extent of last glacial advances.
Broadway contains evidence of relict periglacial features as well as more recent landslide
activity. As part of a general study of mass movements in relict periglacial terrains, slope
movements at Broadway have been categorised according to activity using ridge and furrow
cultivation remains. Three categories of landslide activity have been identified at Broadway;
active, suspended and relict landslides.

These three landslide categories have been incorporated into an airborne remote sensing
study of landslides at Broadway, providing a training area for image processing routines.
From this, spectral characteristics for each landslide category have been extracted and are
presented here. The results demonstrate the importance of near and middle infra red bands in
the study of landslides using airborne remote sensing platforms, it has also shown that relict
and active landslides show distinct spectral differences in the near and middle infra red
regions.

STUDY AREA
The Village of Broadway (Figure 1) is located in the Vale of Evesham, within the Wychavon
region of Worcestershire. The vil lage itself lies between 80 m and 100 mOD on the west
facing scarp slope at the foot of the Cotswold escarpment.

Figure 1. Location of Broadway Study Area
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Geology, geomorphology and ground conditions.
This study has concentrated on an area of potentially diff icult ground conditions to the east of
Broadway. Subsequent to the study, part of the area has been incorporated into the new A44
Broadway Bypass.  The geology of the site is dominated by Lower Jurassic strata of Lower,
Middle and Upper Lias age (Green, 1992). These rocks are overlain by the Lower Inferior
Oolite (Middle Jurassic) which caps the escarpment above Broadway. The site has been
subject to periglacial conditions during the Quaternary. The cold climate appears to have
induced extensive terrain modification, there is evidence of frost shattered bedrock, extensive
periglacially derived soil material, relict soli fluction landforms and relict landslides. There is
also considerable evidence for more recent landslide activity. Using the classification of
Flageollet (1993), the landslides include mudslides, translational slides and rotational slides.

LANDSLIDE ACTIVITY CATEGORISATION
In order to assess geomorphological hazard for a site of known landslide susceptibil ity, an
understanding of landslide frequency for the site is important.  As part of the study of
landslides at Broadway, a landslide activity model has been developed using field
relationships between slope movements and ridge and furrow cultivation remains. Chandler
(1970) first utili sed relationships between landslides and open field cultivation remains (ridge
and furrow) as a landslide age indicator. The method was further described by Bromhead
(1986), citing the disruption of relict ridge and furrow strips as evidence of recent slope
movements and the presence of unaffected strips demonstrating the absence of slope
movements.

Landslide categories
Using this technique, three categories of movement history have been identified. The first is
active landslides, which have shown movement during the study period (3 years), this
movement has been constrained using instrumental data and direct observations. The second
group of landslides which can be identified are suspended landslides which, in this context,
are those which have shown evidence of movement over the past 228 years. The third
category of landslide, which has been identified, are relict landslides which show no evidence
of movement over the past 228 years. These may represent landslides initiated under
periglacial conditions, which are unlikely to become active under current climatic conditions
unless substantially disturbed. Where this technique is perhaps most useful is in establishing
areas where there has been no movement in the last 228 years. This is a significant
observation in terms of long-term landslide hazard assessment.

From this, it has been possible to construct a map delineating regions of potentially diff icult
ground using the above categories (Figure 2). The full range of geomorphological criteria
described in Dikau et al. (1997) was used as the basis for landslide identification and
classification in the field.

IMAGE PROCESSING

Airborne remote sensing datasets
Daedalus Airborne Thematic Mapper (ATM) imagery was acquired for the Broadway study
area on 8th February 1997 at a flying height of 800 metres. The imagery consists of 11 bands
(Table 1) with a re-sampled pixel size of 2 metres (Figure 3). (NERC Airborne Remote
Sensing Facil ity, Flight Number 97/2).
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Figure 2. Landslide
Categories.

Methodology
For each of the three landslide categories, a typical landslide feature was examined and its
spectral properties extracted using image processing techniques. For each category, the range
of Digital Numbers (DN) values were expressed using their maximum, minimum and mean
values (Figure 4) and plotted for comparison. Standard deviations for each landslide category
were also produced. The DN Sample size for each landslide is given in Table 2.

Spectral signatures
Figure 4 shows DN ranges and standard
deviations for each landslide category using
ATM bands 2 to 11. Band 1 has been ignored
due to the scattering observed at lower
wavelengths. Visible bands show little
variabil ity in response to different landslide
category, however all landslides show a strong
response in the near and middle infra red bands.
Active and suspended landslides are

Band Band Width (um) Band Name
1 0.42 – 0.45
2 0.45 – 0.52
3 0.52 – 0.60
4 0.60 – 0.62
5 0.63 – 0.69

Visible

6 0.69 – 0.75
7 0.76 – 0.90
8 0.91 – 1.05

Near Infrared

9 1.55 – 1.75 Near–Middle
Infrared

10 2.08 – 2.35 Middle
Infrared

11 8.50 – 13.00 Thermal
Infrared

Table 1. ATM Bands.

Landslide Type DN Sample Size
Active Landslide 5103
Suspended Landslide 2810
Relict Landslide 1852

Table 2. Landslide DN Sample Size.
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characterised by distinct morphological forms with zones of high ground moisture content
and ponding within the body of the landslide. Conversely, relict landslides have been
degraded and are thus morphologically less distinct, this can explain the distinct spectral
differences that are observed between active and relict landslide features. Spectral variability
is concentrated within the near and middle infra red regions of the electromagnetic spectrum
(ATM bands 6,7,8 and 9).

Close similarity can be observed between spectral properties of active and suspended
landslides. It demonstrates the close similarity between these landslide categories and may
indicate that landslides that have been classified as suspended landslides are recent suspended
landslides, which have retained their morphological characteristics and therefore produce
similar spectral signatures to the active landslide.  The scatter of DN values tends to suggest
that the landslides on ATM imagery tend towards homogeneity over time.

DISCUSSION AND CONCLUSIONS
Airborne remote sensing studies of landslides have all recognised the importance of the infra
red bands in the mapping of landslide features (Eyers et al, 1995; Mason et al, 1995; Hervas
et al, 1996 and Murphy and Inkpen, 1996). While this paper presents part of the early stages

�

Figure 3. Broadway ATM image (Band 9).
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Figure 4. DN Profiles for (a) Active Landslide (b) Suspended Landslide and (c) Relict
Landslide with (d) Standard Deviations for all landslide categories (Re-scaled DN Values).
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of the Broadway remote sensing landslide study, it has demonstrated the promising use of
airborne imagery for the mapping of inland landslides and highlighted the importance of the
near and middle infrared bands of the ATM imagery in landslide mapping. The decreasing
scatter of DN values may also allow some form of landslide dating in a crude form from
ATM data. Such observations however are, at this stage, only vague and may be the subject
of future research.
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Identification of landslides in clay terrains using Airborne Thematic
Mapper (ATM) multispectral imagery.

Malcolm Whitworth *, David Giles & William Murphy **

Geohazards Research Centre, School of Earth and Environmental Sciences,
University of Portsmouth, Burnaby Road, Portsmouth. PO1 3QL. UK.

ABSTRACT

The slopes of the Cotswolds Escarpment in the United Kingdom are mantled by extensive landslide deposits, including
both relict and active features. These landslides pose a significant threat to engineering projects and have been the focus
of research into the use of airborne remote sensing data sets for landslide mapping.  Due to the availability of extensive
ground investigation data, a test site was chosen on the slopes of the Cotswolds Escarpment above the village of
Broadway, Worcestershire, United Kingdom. Daedalus Airborne Thematic Mapper (ATM) imagery was subsequently
acquired by the UK Natural Environment Research Council (NERC) to provide high-resolution multispectral imagery
of the Broadway site.

This paper assesses the textural enhancement of ATM imagery as an image processing technique for landslide mapping
at the Broadway site. Results of three kernel based textural measures, variance, mean euclidean distance (MEUC) and
grey level co-occurrence matrix (GLCM) entropy are presented. Problems encountered during textural analysis,
associated with the presence of dense woodland within the project area, are discussed and a solution using Principal
Component Analysis (PCA) is described.

Landslide features in clay dominated terrains can be identified through textural enhancement of airborne multispectral
imagery. The kernel based textural measures tested in the current study were all able to enhance areas of slope
instability within ATM imagery. Additionally, results from supervised classification of the combined texture-principal
component dataset show that texture based image classification can accurately classify landslide regions and that by
including a Principal Component image, woodland and landslide classes can be differentiated successfully during the
classification process.

Keywords: Airborne Thematic Mapper (ATM), remote sensing, texture, GLCM, entropy, landslide, UK.

1. INTRODUCTION

Landslides pose a threat to engineering projects and frequently necessitate detailed investigation by ground survey and
remote aerial photographic methods.  Airborne remote sensing offers a tool suitable for investigations where the
spectral and spatial resolution of the sensor allows landslide features to be resolved. Several authors have described the
application of airborne multispectral imagery for landslide mapping. Such achievements were based on the use of
textural enhancement, principally spatial filtering 1, 2, 3, 4 and statistical measures 5.

In this paper we evaluate the textural analysis of Airborne Thematic Mapper (ATM) imagery for landslide mapping on
the Cotswold escarpment. Initially, three textural measures were adopted, variance (VAR), mean euclidean distance
(MEUC) and grey level co-occurrence matrix (GLCM) entropy and applied to the Broadway ATM imagery. Using
GLCM entropy, a texture based image classification was then evaluated as a method for landslide identification. We
also highlight problems associated with textural enhancement of landslides in ATM imagery, caused by the presence of
highly variable woodland and hedgerow systems and describe how these difficulties have been resolved during this
study.

* Correspondence email: malcolm.whitworth@port.ac.uk
** Correspondence address: School of Earth Sciences, University of Leeds, Woodhouse Lane, Leeds. LS2 9JT. UK.
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2. STUDY AREA

This study has concentrated on an area of potentially difficult ground conditions on the escarpment slopes to the east of
the village of Broadway (OS Grid Reference 410,000 237,500). The village itself is located in the Vale of Evesham,
within the Wychavon region of Worcestershire and lies between 80 m and 100 mOD on the west facing scarp slope at
the foot of the Cotswold escarpment (Figure 1). The Broadway site has been the location of a number of landslide and
remote sensing investigations 6, 7.

Figure 1. Location of the Broadway study site (Worcestershire, UK) in relation to the Cotswolds Hills.

2.1 Geology and geomorphology.
The geology of the site is dominated by Lower Jurassic strata of Lower, Middle and Upper Lias age 8. These rocks are
overlain by the Lower Inferior Oolite (Middle Jurassic) which caps the escarpment above Broadway (Table 1).  The site
has been subject to periglacial conditions during the Quaternary. Such cold periods have induced extensive terrain
modification in the form of frost shattered bedrock, periglacially derived soil material, relict solifluction landforms and
relict landslides. There is also considerable evidence for more recent landslide activity.

Unit Age (Ma) Thickness Lithological Description

Inferior Oolite 183 25 m Oolitic and Sandy LIMESTONES.

Upper Lias 187 6 m + Dark grey silty CLAY and strong oolitic LIMESTONE.

Middle Lias 193 55 m Moderately weak orange brown SANDSTONE with
subordinate bands of hard laminated silty CLAY and clayey
SILT. Capped by strong brown closely jointed fossiliferous
LIMESTONE (Marlstone Rock Bed).

Lower Lias 200 40 m + Dark grey silty CLAY.

Table 1. Stratigraphy of the A44 Broadway study site with some generalised engineering geological descriptions of the soils and
rocks.
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The slopes of the Cotswolds are affected by a range of landslide types. Using the EPOCH classification 9, these slope
failures can described as mudslides, translational and rotational slides. The landslide sequence involves large rotational
landslides on the upper slopes involving the Inferior Oolite, which degrade down slope into shallow multiple rotational
landslides and mudslides which mantle the lower basal slopes of the escarpment. Within the Broadway valley evidence
exists of a range of slope instability types, including lobate mudslides, shallow irregular mudslides, translational and
rotational landslides. A number of geomorphological and geological features can be seen to be promoting slope
instability in the area. These are:

1. The presence of a distinct permeability boundary between the permeable Inferior Oolite and the impermeable Lias
formations as well as other permeability boundaries present within the Middle and Upper Lias strata.

2. The presence of relatively weak, clay-rich rocks underlying stronger more competent rock masses.

3. The presence of weak surface materials created and modified under a periglacial climatic regime.

Recent investigations suggest a broad history of landslide activity at Broadway 6, from relict movements evident as
solifluction lobes on lower slopes, through to suspended landslide features which are clearly evident on many of the
slopes above Broadway and active movements which have been documented using instrumentation maintained as part
of a ground investigation by Mott Macdonald Consulting Engineers 10.

3. IMAGE DATA

Daedalus Airborne Thematic Mapper (ATM) imagery was acquired as part of an airborne survey of the Broadway study
site on 8th February 1997 at a flying height of 800 metres. The imagery consists of 11 bands (Table 2), bands 1 to 5 are
visible wavelengths, 6 to 8 are near infrared, 9 and 10 and middle infrared and band 11 is in the emitted thermal
infrared. The instrument has a instantaneous field of view (IFOV) of 2.5 milliradians and for this study was re-sampled
to a pixel size of 2 metres (NERC Airborne Remote Sensing Facility, flight reference number 97/2).

Band Band Width (µµµµm) Band Name
1 0.42 – 0.45
2 0.45 – 0.52
3 0.52 – 0.60
4 0.60 – 0.62
5 0.63 – 0.69

Visible

6 0.69 – 0.75
7 0.76 – 0.90
8 0.91 – 1.05

Near Infrared

9 1.55 – 1.75 Near–Middle Infrared
10 2.08 – 2.35 Middle Infrared
11 8.50 – 13.00 Thermal Infrared

Table 2. Summary of the Airborne Thematic Mapper (ATM) sensor.

Image acquisition was made during early season in February to enhance subtle topographic features associated with
slope instability. Excavation of the new A44 Broadway road bypass further constrained flight planning since image
acquisition had to be made prior to the start of site excavation in order to image the study site in an undisturbed state.

4. IMAGE PROCESSING

4.1 Textural analysis.
The irregular boundaries and surface textures of landslides mean that they often produce characteristic features that can
be distinguished using remote sensing. Table 3 summarises common landforms that can provide landslide signatures in
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digital imagery. These landslide features and associated surface expression are best enhanced in airborne imagery
through textural analysis, this usually involves either textural filtering of an image or the use of statistical measures.

Terrain landforms Relation to slope instability
Hummocky or irregular slope morphology. Relief associated with shallow slope movements or small

retrogressive slides blocks.
Step-like slope morphology. Retrogressive landsliding.
Arcuate backscarp and crown wall. Head part of landslide with exposure of failure plane.
Back tilted slope facets. Rotational movement of landslide blocks.
Differential vegetation associated with
changing drainage conditions.

Stagnated drainage in back tilted block, seepage at frontal lobes,
differential conditions and ponding within landslide body.

Sharp break of slope at main landslide
scarp.

Landslide scarp generated through rotational or translational
movement.

Pressure ridges and transverse ridges. Landslide toe and overriding of surface by landslide material.

Table 3. Landforms commonly associated with mass movements 11, 12.

Several authors have used textural filters to enhance landslide features within airborne imagery, Mason 3, 4 found that
the hummocky main body and the accumulation toe could be identified in airborne ATM imagery that had been
texturally enhanced using a Sobel filter. Further edge enhancement of both Landsat TM and ATM revealed the arcuate
crown and back scarp of the landslides in south east Spain. Eyers 1, 2 found that simple Laplacian textural filters were
successful in landslide mapping, revealing crown wall shape, translated material and the texture of disturbed ground for
identification of slope instability in south east Spain.

Statistical methods have been similarly successful in landslide investigations, Hervas and Rosin 5 applied grey level co-
occurrence matrix (GLCM) derivatives to landslides in south east Spain. They concluded that textural measures were
able to discriminate between rough and smooth surfaces and that the use of ‘texture spectrum’ method of Wang and He
13 provided an optimum method for landslide detection in arid environments.

4.2 Image texture and woodland stands.
An ATM scene often contains features other than landslides which are highly variable in appearance which therefore
also produce strong textural expressions, most commonly, the presence of woodland stands and hedgerows. Therefore,
the presence of woodland within an ATM scene can present problems for the use of textural analysis in landslide
mapping since textural filters are unable to distinguish between highly variable woodland stands and landslide features.

Hervas and Rosin 5 overcame similar problems when applying textural analysis in landslide investigations in south east
Spain through the use of a ‘texture spectrum’ method 13 which was able to successfully differentiate between closed
pine stands and landslide features.

Dense woodland and hedgerow systems are common on the Cotswolds escarpment above Broadway, so if textural
enhancement is to be successful then the investigation required a image processing technique for the removal of
woodland and hedgerow regions from the airborne imagery. This was achieved in the current study though the use of
Principal Component Analysis (PCA) of the ATM scene. The resulting PC image could be used either as a mask for the
removal of woodland or as in this study, form part of an image classification scheme to help the classifier distinguish
between woodland and landslide regions.

5. METHODOLOGY
The study consisted of three main stages:

1. Application of textural filters: variance, mean euclidean distance (MEUC) and grey level co-occurrence matrix
(GLCM) entropy to the Broadway ATM scene and interpretation of output texture images.

2. Application of Principal Component Analysis (PCA) to the Broadway ATM imagery to enhance woodland and
hedgerows systems and production of an output PC image.
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3. Supervised image classification of a combined GLCM texture image (bands 3-11) and Principal Component image
dataset using 3 training groups; landslides, woodland and stables slopes.

5.1 Textural analysis.
The first stage of the study involved the textural analysis of ATM imagery, three textural filters were initially adopted;
variance, mean euclidean distance (MEUC) and grey level co-occurrence matrix (GLCM) entropy measures (Table 4).

Texture Measure Formula

Table 4. Local texture measures 14, 15.

Each output texture image was assessed for landslide identification and from the initial three images, GLCM entropy
was chosen as the texture input parameter for the supervised classification scheme.

5.2 Principal Component Analysis.
The second stage involved processing the ATM image in order to enhance woodland and hedgerow regions at the
expense of other image features. This was achieved using Principal Component Analysis (PCA). Principal Component
images were generated using the image correlation coefficient matrix for bands 3 to 11, bands 1 and 2 were ignored due
to varying degrees of noise evident within these bands. From the resulting Principal Component images, PC image 4
(PC_CORR4) was chosen since it clearly enhanced regions of highly variable woodland and hedgerows within the
ATM scene. This Principal Component image was then combined with the GLCM entropy image to produce a input
dataset for a supervised image classification of the Broadway imagery.

5.3 Image classification.
The final part of the study involved a texture based supervised image classification of the combined GLCM entropy and
PC image dataset. Three general training regions were used to train a Mahalanobis classifier (Table 5). The resulting
classified image was compared to a reference dataset generated from a field based geomorphological map of the
Broadway site. Classification accuracy for landslide, woodland and stable slopes classes were then assessed using a
Kappa statistic and a confusion matrix generated by comparing the classified and reference images.

Class Sub-class Description
Landslide Lobate mudslide

Shallow mudslide
Complex landslide
Landslide scarps

Lobate mudslide landslide.
Shallow mudslide movements.
Complex translational landslide.
Degraded landslides scarps.

Stable Stable bench
Stable slope

Flat lithological bench with no evidence of slope instability.
Stable south facing slope with no evidence of slope instability.

Woodland Woodland stands Dense woodland stands, wooded hedgerows and individual tree stands.

Table 5. Terrain classes used in Broadway ATM image classification.
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6. RESULTS

Results from this study have shown that the spatial and spectral resolution of ATM sensor provide detailed images of
the Cotswold escarpment capable of resolving landslide features and that through the use of textural analysis, landslide
features can be enhanced within airborne imagery.

The chosen texture measures, variance, MEUC and GLCM entropy, can all be used to enhance landslide features within
ATM imagery. Each is able to highlight landslide scarps, the main hummocky landslide body, zones of shallow
mudslide movement and mudslide accumulation zones, as well as delineating landslide boundaries within the imagery.
These texture measures are also able to distinguish between stable slopes which show no evidence of current instability
and slopes affected by landslide movement. While the variance method is computationally the most efficient, more
advanced measures including MEUC and GLCM entropy appear to present the optimum textural method of landslide
enhancement (Figure 2c & 2d).

It is clear from Figure 2 that the presence of dense woodland and hedgerows in the ATM imagery presents a significant
hurdle for the use of textural measures in landslide mapping, since these textural measures are unable to differentiate
between occurrences of slope instability and dense woodland and hedgerow systems. This can be solved by Principal
Component Analysis, which is able to enhance regions of woodland and hedgerows (PC_CORR4; Figure 3a) within the
ATM imagery at the expense of other terrain features. The classified woodland image (Figure 3b) demonstrates the
power of the PC_CORR4 image in discriminating woodland and hedgerow pixels.

Results from the texture based supervised classification of the combined GLCM texture and principal component image
(PC_CORR4) show an overall classification accuracy of 89.5 percent from 199,791 observations and a Kappa statistic
of 0.838. The confusion matrices show high classification accuracy for individual classes; woodland stands (97%),
stable slopes (92%) and landslides (83%) (Table 6). This suggests that landslides in clay dominated temperate terrains
can be accurately classified using texture as the main classification parameter and that woodland and landslide classes
can be differentiated successfully by the inclusion of Principal Component image (PC_CORR4) in the classification
process.

                       % Woodland stands Stable slopes Landslide
Woodland stands 97.25 0.45 5.67
Stable slopes 0.081 92.20 10.68
Landslides 2.66 7.35 83.65

Table 6. Confusion matrix for 3 terrain classes.

7. CONCLUSIONS

Results from this study have shown that:

•  Textural analysis of airborne multispectral imagery is an effective tool for landslide mapping on the Cotswolds
escarpment.

•  The texture measures adopted for this study proved effective for highlighting slope instability within the ATM
imagery.

•  Principal Component Analysis of ATM imagery and the resulting PC_CORR4 image can be used successfully to
enhance woodland and hedgerow regions. This is important for landslide mapping on the Cotswolds escarpment
where such dense woodland and hedgerow systems are common.

•  Supervised classification of a combined GLCM entropy texture and PC_CORR4 dataset has proven successful at
identifying landslide regions within ATM imagery, producing good overall accuracy for all three classes; landslide,
woodland and stable slopes.

•  Textural measures such as GLCM entropy can form an important parameter for identification of landslides in ATM
imagery using supervised classification.
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(a) (b)

Figure 2. (a) Airborne Thematic Mapper (ATM) imagery visible band 4 (b) corresponding landslide, woodland and stable slope
localities (c) mean euclidean distance (MEUC) texture image and (d) grey level co-occurrence matrix (GLCM) entropy texture
image.

(c) (d)
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Figure 3. (a) Principal Component 4 (PC_CORR4) image used to enhance woodland stands and hedgerows systems and
(b) corresponding classified image using a Mahalanobis classifier.

•  Principal component data (PC_CORR4) provides an important discriminant parameter when identifying landslides
using texture based image classification since it helps the classifier distinguish landslides from highly variable
woodland and hedgerow systems.

Textural analysis of ATM alone is an effective tool for landslide mapping and represents an important parameter when
attempting supervised image classification of a landslide site based on ATM data. Clay dominated slopes are common
in southern United Kingdom and the associated slope instability represents a significant problem in engineering
geology.  Airborne remote sensing and the use of textural enhancement can be effective for rapid landslide mapping of a
large area. The ability to enhance landslide features and remove erroneous woodland using airborne ATM imagery
means that it offers a technique that can be employed effectively by engineering geologists for landslide mapping in
clay dominated temperate terrains.
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Probabilistic risk assessment: the tool for
uncertainty reduction in geotechnical
engineering

Z. Mrabet &D. Giles
School of Earth & Environmental Sciences, University of Portsmouth,
Portsmouth, UK

Abstract

During last two decades many earth structures have encountered problems
concerning their safety and reliability. Many of these difficulties arise due to an
insufficient understanding of the uncertainties concerned with both their design
and construction.

Increased attention is now being given to risk and uncertainty in geotechnical
engineering, driven by the pressure for improved reliability and safety.
Geotechnical engineering is an interesting context in which to develop and apply
ideas of uncertainty management. The Engineer is confronted with uncertainty
associated with the random nature, spatial variability and inadequate
characterization of geotechnical properties and in the complexity of the
associated engineering projects. The Engineer is expected to make dependable
and clear decisions often based on incomplete data sets. To do so requires an
understanding of the nature of uncertainty and of appropriate techniques to
manage and reduce it.

This paper includes a brief description of recent probabilistic tools affecting
reliability and probabilistic modelling of earth structures,

1 Introduction

Any representation or characterization of the geotechnical media is sullied with
uncertainties due to the inherent heterogeneity with these media and in the
limitations within the objective or subjective methods, which are used to
characterize them. Results of tests performed at different points of the medium
could be considered as independent outcomes of the same experiment.
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4 Risk Analysis III

The first developments on the applications of statistics and probability
modelling in the field of geotechnics date from the 1960’s [19]. At that time, the
emphasis was mainly in few soil mechanics research centres, on the analyses of
the relationship between geotechnical parameters, namely correlation studies.
With the objective being to facilitate the geotechnical studies for the
dimensioning of the engineering works. This required setting up procedures of
dimensioning based mainly on the determination of parameters from the
identification and characterization of soils. This supposes the prior knowledge of
many correlations between the physical and soil mechanics i.e. geotechnical
properties.

The next phase of work researching the application of statistics and
probability theory to the field of geotechnics started at the end of the 1970’s [1,
22, 34] and focused on the analysis of the natural variability of soils and its
effects on design calculations, These studies comprised mainly of statistical
analyses (including some geostatistical based analysis) on the fundamental
properties of the soils at experimental sites.

Since the beginning of the 1990’s [2, 3,16, 35], the research has reflections
on the practical possibilities of applying probabilistic methods to earth works and
on the statistical analysis of geotechnical data at a site. This work led to a more
optimistic approach on the possible practical implementation of this type of
research, Thereafter, the use of probabilistic methods in geotechnical engineering
has gained importance and acceptance as the demand for a more rational
treatment of uncertainty increases within the construction industry.

Recently progress has been made in the application of probabilistic
procedures to foundation engineering problems [39, 13, 5]. It appears that the
probabilistic approach offers the only systematic way of treating and reducing
uncertainty within the design process, Moreover, it is only in terms of probability
that the degree of uncertainty can be related quantitatively to the reliability of the
engineering and geoteclmical design.

Previous works based on probabilistic concepts have made it possible to
become more aware of the importance of the geotechnical variability of the soils
in the calculation and design of the engineering works, and in the limitations
brought by the effects of the use of average values on volumes of the soils
controlling the behaviour of each structure,

Increased attention is being paid to risk and uncertainty in geotechnical and
civil engineering, because of the drive for improved reliability and safety. The
engineer is confronted with uncertainty associated with the random nature,
spatial variability of geotechnical properties and in the complexity of
engineering projects, The Engineer is expected to make dependable and clear
decisions. To do so requires an understanding of both the nature of uncertainty
and appropriate techniques to manage it.

There is a growing need within engineering for rational ways of handling
uncertainty and taking it into account for decision making, Many problems still
face engineers regarding the uncertainty, reliability and decision making. Several
of these problems can be stated as questions: i.e. what factors most strongly
influence the level of uncertainties in homogeneous compacted soils evaluations?
and where are improvements most needed to reduce uncertainty in these
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evaluations? How to integrate geotechnical and hydraulic properties (i.e.,
hydraulic conductivity, permeability, etc) of materials in the reliability analysis
of earth structures? What level of reliability of earth structures would be
achieved under average conditions? How uncertainties can be managed in
practice? How one can he used to evaluate the safety of existing earth structures
as well as for designing earth dams with particular reliability levels?

In practice, general responses are very difficult to these questions. The
probabilistic tools characterizing the soils variability are necessary inputs into
probabilistic methods for reducing risk and quantifying the reliability of earth
structures, Some of these tools are subsequently discussed.

2 Stochastic Finite Element Method (SFEM)

The finite element method (FEM) is now commonly used to, for example,
predict stresses, strains, displacements and pore pressures in a variety of
geothechnical structures and earth works, particularly within slopes and
embankments (i.e. compacted earth fills, earth dams, etc). A long experience of
using this method has shown that uncertainty affects both the results of these
analyses as well as the parameters input into the calculations.

The finite element method, as widely described by Zienkiewicz [40], consists
of evaluating the mechanical behaviour of elements in which the domain is
discritised into individual elements (triangular or trapezoidal, for example).
Then, caution has to be exercised in assembling these elements in order to satisfy
equilibrium equations and compatibility of the calculated displacements.

The analysis of the behavior of soils and earth fills has been undertaken by
using the finite element method (FEM), and has been the subject of numerous
studies [11, 12], The interesting aspects of this method are that it considers both
the linear or non-linear behavior of the soil being modelled.

Uncertainty associated with the properties of the construction materials will
also exist and can be estimated using the stochastic finite element method
(SFEM). This method is a generalization of the conventional finite element
method used in conjunction with probabilistic concepts in order to take into
account the randomness of the material properties,

Recently, the stochastic finite element method has gained several important
developments and improvements [9, 10]. It has been successfully developed and
applied to earth structures subjected mainly to static loading. However, in its
present fo~ the SFEM algorithm is very difficult to apply to the reliability
analysis of dynamic loading in the time domain.

In the literature, considerable attention has been given to SFEM modelling
including Vanmarcke & Grigoriu [37], Griffiths and Fenton [14] and Shinozuka
[33] among others.

Bouayed [4] has introduced a numerical technique, which called rational
polynomial technique [7]. The very significant advantage of this technique is that
it can be implemented as a complement to any other available finite element
method (FEM) software without the need to modify the computer program.
Bouayed [4] highlighted the usefulness of SFEM to take into account uncertainty
on deformations and displacements of earth dams. He performed the uncertainty
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analysis on the results of a non-linear analysis on the El Infiernillo Dam
(Mexico) [24],

The following points are relevant when performing stochastic finite element
modelling in a geotechnical engineering context:

● SFEM is useful in evaluating a range of variation of FEM analyses results in
to locating sub-domains where uncertainty on results is the largest

. SFEM is a useful tool in providing a quick insight into the relative
importance of different parameters of soil constitutive laws i.e. Sensitivity
analysis

● SFEM can be used as part of reliability analyses leading to more robust
designs for geotechnical structures.

3 Geostatistics

Geostatistics is a ramification of the stochastic processes and random fields
theory that was first developed for specific applications in the mining industry
[23]. Although the vocabulary used is sometimes different, the formalism is
essentially the same as in basic random fields theory. However, to describe the
correlation structure of the medium, geostatisticians commonly prefer using the
second moment of the incremental process, also known as the variogram or
spatial covariance, instead of the auto-covariance or auto-correlation function,

Among the developments of geostatistics, one of the most attractive is
certainly the technique known as kriging, This process requires a knowledge or
estimate of the correlation structure of the domain, The kriging technique is fully
explained in Journel & Huijbregts [18].

Kriging is becoming increasingly important in characterizing sites during the
exploration stage of geotechnical projects due to the small number of boreholes
employed and can be used to estimate values, for example undrained soil
strength, at points where no data have been taken. Interesting example [17]
shows the extrapolation of interface data from a few borehole locations can
provide interface elevation information at unsampled locations by using kriging.

Controlling compacted fills during, and at the end, of construction using field
sampling has long been part of geotechnical engineering practice. Traditional
quality control concepts consist of building confidence intervals and performing
tests of hypotheses based on the values of the percentage of defective samples
and/or the estimated expected values of the control variables. The present
procedure is not satisfactory for mechanical, as well as for, statistical reasons,
The relations between the control variables (dry specific weight and moisture
content) and the mechanical properties (shear strength, compressibility) relevant
to the required behaviour of the structure are far from reliable. On the other hand,
the confidence levels for acceptance are defined on a purely empirical basis
without any explicit reference to the economic and social implications of failure
of the earth structure (i.e. embankment, earth da~ etc).

From a statistical point of view, the main objection is the lack of any
consideration for the spatial correlation between the values of the soil properties
at different points within the medium, To improve this aspect, it seems natural to
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switch from a random variable model to a random field model for both control
variables [3, 25].

The advantages obtained by using kriging techniques to obtain an estimation
of the global and local results of compaction at any stage of the construction
process can significantly improve the control quality. In particular, auto-
covariance anisotropy, when present, will be reflected in the interpolation curve
providing a valuable basis from which to detect visually any defective zones
within the medium. Moreover, these improvements in quality control using
kriging techniques could serve as a basis for reliability analyses of such
structures [26, 27, 28].

4 Random Field Model (RFM)

Early probabilistic approaches have considered the uncertainty of natural and
compacted material properties as random variables. However, the spatial
dependency within the medium should be considered, particularly in a strongly
compacted soil [25].

To take into account spatial dependency, it is possible to model the
variability of soil properties with a spatial stochastic process also known as
random fields [31 ]. Values taken by a given property at any points of a domain,
are then considered as a sample function of such a field, defined classically by
the following parameters: Expected Value, Variance, Auto-covariance or Auto-
correlation fimction and the Probability Distribution Function.

The analysis of the auto-correlation of geotechnical data requires a
considerable collection of data, Moreover, the analysis is based on assumptions
of the auto-correlation structure of the materials.

Extensive instrumentation and measurement programs performed on earth
dams such as the Mirgenbach and Vieux-Pre dams [32] have led to the
conclusion that for such structures a significant spatial correlation exists. The
influence distance at which auto-covariance becomes negligible is sensitive to
the construction procedure as well as to the material nature, but is practically
identical for all properties.

A pronounced anisotropy (i.e., due to compaction) of the auto-covariance
exists with a vertical distance of influence of the order of meters (Fig. 1) and
horizontal distance of influence of the order of tens of meters [32]. Li and White
[21] and Cherubini [6] give typical values of auto-correlation distances for
natural soil or man-made structures.

Many studies stressed out the effect of existing auto-correlation on the results
of probabilistic models of slope analysis [36, 8]. According to Chowdhury [8],
ignoring auto-conflation is conservative and considerably more than desired and
the analysis that considers typical auto-correlation distances results in reduction
of probability of failure. Li & White [20] pointed out that the probability of
failure may be reduce by three orders of magnitude if the auto-correlation
function is taken into account. Cherubuni [6] stresses that the integration of the
fluctuation scale (i.e. auto-correlation distance) in probabilistic models in the
geotechnics context generates failure probabilities consistent with frequencies of
failure observed in practice.
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Figure 1. Vertical correlation within compacted fills (Rossa & Fry [32]).

5 Conditional random field and Bayesian updating approaches

The updating procedure based on conditional random fields was developed to
incorporate the results of control tests in a reliability analysis as soon as they are
available in order to take decisions based on an actualized evaluation of the
reliability of the structure. The ability to use the Bayesian method to update
probabilities of event occurrence, based on new information, is one of the most
powerful tools available and operates in many circumstances, not just in the field
of geomechanics.

According to Whitman [38], Morgenstem emphasizes that if the
uncertainties and risks have been quantified before construction begins, then
updated information obtained during construction can be used to revise risk
estimates and to guide decisions made during construction process,

The reliability analysis can be performed using conditional random fields to
incorporate the results of control tests in reliability analysis as soon as they are
available in order to take decisions based on an actualized evaluation of the
reliability of the structure. An example of reliability analysis of compacted earth
tills was performed [26, 28] using conditional random fields to evaluate the
uncertainty related to the spatial variability of the materials properties within the
compacted dam based on quality control results derived during construction,
Then, the mathematical expectation and variance of the average shear strength
along failure surfaces was estimated from these results. It was observed that the

© 2002 WIT Press, Ashurst Lodge, Southampton, SO40 7AA, UK. All rights reserved.
Web: www.witpress.com  Email witpress@witpress.com
Paper from: Risk Analysis III, CA Brebbia (Editor).
ISBN 1-85312-915-1



Risk Analysis III 9

updating effect is remarkable when the mean value of supplementary data is less
thanthe meanvalue of the field (Fig. 2).

Normalized s
reliability
index 2.5-

2-

1.s -

1-

0.5- ■ Random Field

A Conditional Random Field

o- , , , 1
0“ 20 40 60 80 100 120 140

Horizontal correlation distance, m

Figure 2. Reliability index versus horizontal auto-correlation distance,

Conditional random field model adds a necessary degree of realism to the results
of reliability analysis applied to earth fills, Modeling the mechanical properties
of compacted earth fills as conditional random field gives greater relevance to
standard quality control programs performed on these structures.

6 Stochastic finite element method and random field model

The uncertainty in soil parameters can be represented by random variables or by
spatially correlated random fields (Fig. 3). Random field theory is used in
conjunction with the stochastic finite element method (SFEM) to describe the
uncertainty in both the input material properties of a geotechnical system and the
results of the analysis.

Griffiths et al. [15] presented an alternate methodology to evaluate the
reliability-based exit gradient design of a water retaining wall. They combined
random field theory, finite element techniques and Monte-Carlo simulations to
study the exit gradient predictions as a finction of soil permeability variance and
spatial correlation in a 2D steady seepage problem. Griffiths et al. [15] pointed
out the alternative to the conventional safety factor approach by incorporating
exit gradient predictions in the context of reliability-based design.

Mrabet & Giles [30] have considered the uncertainties in the stationary
seepage problem. Initially, this investigation dealt with the uncertainties in the
results of a finite element method analysis of a stationary seepage probleq
where the properties of the porous medium can be considered as random
variables. Random field theory has been introduced to describe the uncertainty in
the hydraulic properties of a porous media. An updating of stochastic random
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fields, under the condition that some of their sample realisations are observed
and known, was introduced.

GEOMETRY
LOADING

BOUNDARY CONDITIONS

v

SOIL PARAMETERS

+
RANDOM VARIABLES
RANDOM FIELD

(SIMPLE /CONDITIONAL)

v

FINITE ELEMENT
METHOD ALGORITHM

m

DISPLACEMENTS
STRAINS UNCERTAINTY
STRESSES
PORE PRESSURES
OTHER

ADDITIONAL m
DATA

Figure 3. Flow chart of the methodology using RFM and SFEM.

The Abid Dam (Tunisia) was selected as a case study of the developed
analysis methodology described previously (Fig, 3) to predict displacements in
the dam and to perform the reliability analysis [29]. The initial results obtained
highlight the potential benefits of using this approach. Firstly, the analysis was
performed using a simple random field. Secondly, conditional random field and
conditional simulation was undertaken to assess the uncertainty related to the
spatial variability of the materials properties within the dam based on quality
control data results obtained during construction, Interesting results have been
drawn:
● no uncertainty affected vertical displacements for points situated at the base

and on the crest of the dam. Conversely, the largest uncertainty in these
displacements occurred so far from the boundaries, mainly close to the
co fferdam and down stream slopes.

. the conditional random field technique gives lower coefficient of variation of
vertical displacements than the simple random field method. This can be
explain the reduction in of uncertainty when using the additional data.

. conditional simulation gives higher coefficients of variation of vertical
displacements within a dam than both simple and conditional random field
methods,
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7 Conclusion

Random field theory presents a particular opportunity for geotechnical engineers
who have to deal with uncertainty in the physical and mechanical properties of
materials due to the lack of initial data and in the spatial variations within the
materials. The method adds a necessary degree of realism to the results of
reliability analysis applied to earth fills.

Modeling the mechanical properties of earth structures as conditional random
fields gives greater relevance to standard quality control programs performed on
these structures.

Uncertainty in geotechnical parameters utilized in the design of structures,
specifically their spatial variability should be considered. The reliable prediction
of the expected life of the structure under anticipated performance conditions
should also be examined in a geotechnical context.

The rational way for managing uncertainty in geotechnical design is to
reduce it, Reliability analysis in a geotechnical context should include all sources
of uncertainty.

References

[1] Alonso, E, E, 1976. Risk analysis of slopes and its applications to slopes in
Canadian sensitive clays. GLotechnique, 26(3), 837-852.

[2] Auvinet, G., Bouayed, A. & Mrabet, Z., 1995. Geostatistics and reliability
analysis of earth fills. Proceedings, Panamerican Conference on Soil
Mechanics and Foundation Engineering, Guadalajara, Mexico, SMMS,
VO1.3, pp. 1405-1414.

[3] Auvinet, G., Fry, J.J. and Rossa, O., 1991. Reliability of homogeneous earth
fills. Proceedings of the Sixth International Conference on Applications of
Statistics and Probability in Civil Engineering, CERRA-ICASP 1991,
Mexico, D.F.

[4] Bouayed, A. 1997. Modelisation stochastique par 61ement finis en
geomecanique. These de Doctorat, , ENSG, INPL, Nancy, France.

[5] Cherubini, C. & Greco, V. R. 1992. Prediction of spread footing settlement
on sand. Proceedings of the Conference on Applications of Statistics and
Probability soil and Structural Engineering, Mexico City, Mexico.

[6] Cherubini, C. 1997. Data and consideration on the variability of geotechnical
properties of soils, Proceedings of the Conference on Advances in Safety and
Reliability: ESREL 1997. pp. 1583-1591.

[7] Chowdury, R. N. and Xu, D. W. 1983. Rational polynomial technique in
slope reliability analysis. Journal of Geotechnical Engineering, ASCE, Vol.
119, N0 12, pp. 1910-1928.

[8] Chowdury, R. N. 1987. Practical aspects of probabilistic studies for slopes,
Soil Slopes Instability and Stabilization. Ed. Walker B,F & Fell R. A. A.
Balkema.

[9] Der Kiuereghian, A. & Jyh-Bin Ke, 1988, The stochastic fiiite element
method in structural reliability, Probabilistic Engineering Mechanics Journal,

© 2002 WIT Press, Ashurst Lodge, Southampton, SO40 7AA, UK. All rights reserved.
Web: www.witpress.com  Email witpress@witpress.com
Paper from: Risk Analysis III, CA Brebbia (Editor).
ISBN 1-85312-915-1



12 Risk Analysis III

VO1.3, 2:83-91.
[10] Der Kiuereghian, A., Li. C. and Zhang, Y., 1991. Recent developments in

stochastic finite elements. Proceedings of the 4th IFIP Conference,
Springer-Verlag, Munich, Germany,

[11] Duncan, J. M., Byrne, P., Wong, K. S. and Mabry, P. 1980. Strength,
Stress-strain and Bulk Modulus Parameters for Finite Element Analyses of
Stresses and Movements in Soil Masses. Report No UCB/GT/80-01,
College of Engineering. Office of Research Services, University of
California, Berkeley, California,

[12] Duncan, J. M., Seed, R, B, Wong, K, S. and Ozawa, Y. 1984. FEADAM84:
A Computer Program for Finite Element Analysis of Darns, Geotechnical
Engineering. Research Report No SU/GT/84-03, Department of Civil
Engineering, Stanford University.

[13] Gao, D. Z, & Li, J, P. 1992. Random field modelling on Evaluation Bearing
parameters of Pile, Proceedings of the Third conference on Reliability of
Engineering Structure, 422-427.

[14] Griffiths, D. V, & Fenton, G.A. 1993. Seepage beneath water retaining
structures founded on spatially random soil. G60technique , 43,4:577-587,

[15] Griffiths, D. V,, Fenton, GA,, and Paice, G. M, 1996, Reliability-based
Exit Gradient Design of Water Retaining Structures. ASCE Geotecbnical
special publication. Conference on Uncertainty in the Geologic
Environment: from Theory to Practice, July 3 l-August 3, Madison,
Wisconsin, USA

[16] Honjo, Y. & Kuroda, K. 1991. A new look at fluctuating geotechnical data
for reliability design. Soils and Foundations, Vol. 31, No 1, 110-120,
Japanese Society of Soil Mechanics and Foundations Engineering.

[17] Isaaks, E. H., and Srivastava, R. H., 1989. Applied Geostatistics, Oxford
University Press, 561 pages.

[18] Journel, A.G, & Huijbregts, C. J. 1978. Mining geostatistics. Academic
Press, London.

[19] Lumb, P. The variability of natural soils. Canadian Geotechnical Journal,
3:74-97.

[20] Li, K. S, & White, W. 1987a. Reliability index of slopes. Proceedings of
the 5ti International Conference on Applications of Statistics and
Probability in Soil and Structural Engineering, 2:755-762,

[21] Li, K. S. & White, W, 1987a,. Probabilistic Characterization of Soil
Profiles. Research Report No 19. Department of Civil Engineering.
Australian Defence Force Academy, Canberra, Australia, 67p.

[22] Magnan, J.P. 1982. Les m6thodes statistiques et probabilistes en mecanique
des SOIS.Presses de l’Ecole Nationale des Ponts et Chauss6es, France,

[23] Matheron, G., 1965. Les variables r6gionalis6es et leur estimation. Masson
6diteur, Paris, France.

[24] Marsal, R. J. & Ramirez de Arrellano, L., 1972. Eight years of observations
at El Infiemillo Dam. Proceedings of ASCE Special Conference on
Performance of Earth and Earth Supported Structures, vol. 1, Partl, pp.
703-722, Purdue University, Lafayette, Ind., USA.

[25] Mrabet, Z, 1993, Controle geostatistique du compactage des ouvrages en

© 2002 WIT Press, Ashurst Lodge, Southampton, SO40 7AA, UK. All rights reserved.
Web: www.witpress.com  Email witpress@witpress.com
Paper from: Risk Analysis III, CA Brebbia (Editor).
ISBN 1-85312-915-1



Risk Analysis III 13

terre, M&moire de DEA, ENSG, INPL, Nancy, France
[26] Mrabet, Z. 1997. Fiabilit6 des remblais homogenes compact&. Th&e de

Doctorat , ENSG, INPL, Nancy, France
[27] Mrabet, Z. 1998. Geostatistics and short-term reliability analysis of

homogeneous compacted Journ&es de G+ostatistique, Compte Rendu des
Joumees de Gkostatistique. 25-26 Mai, Fontainebleau. France

[28] Mrabet, Z., 1999. Reliability Analysis of homogeneous earth fills - A new
approach. Proceedings of the 8ti International Conference on Applications
of Statistics and Probability in Civil Engineering, ICASP8 1999, Sydney,
Australia; Balkema, 499-507,

[29] Mrabet, Z. and Bouayed, A. 2000. Reducing Uncertainty on the Results of
Reliability Analysis of Earth Fills Using Stochastic Estimations. Second
International Conference on Computer simulation in Risk Analysis and
Hazard Mitigation, Risk Analysis 2000, Bologna, Italy, 11 –13 October
2ooo,pp 345-355.

[30] Mrabet, Z, & Giles, D. Modelling uncertainties in the stationary seepage
problem, First International Conference on Water resources Management
2001, Halkidiki, Greece, 24-26 September 2001. pp 103-113.

[31 ] Papoulis, A. 1985, Probability, Random Variables and Stochastic
Processes. Second Edition, Mac Graw Hill.

[32] Rossa, O, and Fry, J.J, 1988. Exploitation des donndes recueillies sur la
digue Aube . Internal report, EDF.

[33] Shinozuka, M, 1993. Stochastic field theory in materials engineering.
Proceedings of PROBAMAT, NATOARW930521, ENS Cachan, France.

[34] Souli6, M. 1983. Geostatistical applications in geotechnics, In Geostatistics
for natural resources characterization. Part 2. NATO ASI Series. Reidel
Publishing Company. Dordrecht, Holland, pp703-730.

[35] Souli6, M., Montes, P., and Silvestri, V. 1990, Modelling Spatial variability
of soil parameters, Canadian Geotechnical Journal, 27, 617-630.

[36] Vanmarcke, E,H. 1977b. Reliability of earth slopes. ASCE Journal of
Geotechnical Engineering Division, 103 (1 1): 1247-1265.

[37] Vanmarcke, E.H, & Grigorio, M. 1983. Stochastic Finite Element Analysis
of Simple Beam. Journal of Engineering Mechanics Division,
ASCE,VO1. 109, 5:1203-1241.

[38] Whitman, R. V. 1996. Organizing and Evaluating Uncertainty in
Geotechnical Engineering. ASCE Geoteclmical special publication.
Conference on Uncertainty in the Geologic Environment: from Theory to
Practice, July 31-August 3, Madison, Wisconsin, USA

[39] Zheng, y, & Gao, D. Z, 1987, The research report for the probability
analysis on subsoil parameters of off-shore platform foundation. Shanghai,
Tongji University,

[40] Zienkiewicz, 0, C. The Finite Element Method in Engineering Science. Mc
Graw-Hill,

© 2002 WIT Press, Ashurst Lodge, Southampton, SO40 7AA, UK. All rights reserved.
Web: www.witpress.com  Email witpress@witpress.com
Paper from: Risk Analysis III, CA Brebbia (Editor).
ISBN 1-85312-915-1



Mrabet, Z. & Giles, D. (2002b). Reliability analysis of earth fills using stochastic 

methods. Proceedings of the 3rd International Conference on Mathematical Methods 

in Reliability: Methodology and Practice (pp. 469-472). Trondheim, Norway.  



1

Reliability analysis of earth fills using stochastic estimation

methods

Zouhair Mrabet
School of Earth & Environmental  Sciences

University of Portsmouth

Burnaby Building, Burnaby Road

Portsmouth PO1 3QL

United Kingdom

zouhair.mrabet@port.ac.uk

Dave Giles
School of Earth & Environmental Sciences

University of Portsmouth

Burnaby Building, Burnaby Road

Portsmouth PO1 3QL

United Kingdom

dave.giles@port.ac.uk

Abstract

This paper considers the uncertainties in geotechnical parameters of earth fill structures, specifically

their spatial variability. The use of random field theory will be introduced, in conjunction with the

stochastic finite element method, to describe and model the uncertainty in geotechnical properties of

compacted soil masses. The paper focuses on the importance of the use of conditional random fields

that take into account supplementary data acquired during the construction phase of earth fills. This

approach can help decision taking during construction by providing a continually updated evaluation

of the safety of the structure as building proceeds.

1. Introduction

Homogeneous earth fill designs and constructions still face many problems and difficulties. In order to

assess some of the main factors influencing the reliability of these fills, specifically the influence of

the spatial variability of the mechanical properties within them, stochastic modelling could provide a

robust tool for their design (Mrabet 1999, Mrabet & Bouayed 2000).

The design of earth fill structures and their construction is based on using materials associated with

properties that have a significant degree of uncertainty due to their inherent heterogeneity. These

properties can be represented by means of random variables or random fields. Random field theory

can be used to better represent these uncertainties and provide a basis for probabilistic modelling.

An increasing amount of research has been undertaken on the possibility of applying probabilistic

methods to earth works design (Mrabet & Giles 2002). It appears that a probabilistic approach can

offer a promising systematic way of treating uncertainty and can be used to relate uncertainty in a

quantitatively framework to reliability within the design.

2.  Stochastic finite element method

The finite element method (FEM) is now commonly used to, for example, predict stresses, strains,

displacements and pore pressures in a variety of geothechnical structures and earth works, particularly

within slopes and embankments. A long experience of using this method has shown that uncertainty

affects both the results of these analyses as well as the parameters input into the calculations.

The finite element method, as widely described by Zienkiewicz (1973), consists of evaluating the

mechanical behaviour of elements in which the domain is discritised into individual elements

(triangular or trapezoidal, for example). Then, caution has to be exercised in assembling these

elements in order to satisfy equilibrium equations and compatibility of the calculated displacements.

Uncertainty associated with the properties of the construction materials will also exist and can be

estimated using the stochastic finite element method (SFEM). This method is a generalization of the

conventional finite element method used in conjunction with probabilistic concepts in order to take

into account the randomness of the material properties.
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Recently (Bouayed 1997), the stochastic finite element method has undergone several important

developments and improvements. It has been successfully developed and applied to earth structures

subjected mainly to static loading. However, in its present form, the SFEM algorithm is very difficult

to apply to the reliability analysis of dynamic loading in the time domain.

3.  Random field models

Early probabilistic approaches have considered the uncertainty of natural and compacted material

properties as random variables. However, the spatial dependency within the medium should be

considered, particularly in a strongly compacted soil (Mrabet, 1997, 1999, Mrabet & Bouayed 2000).

To take into account spatial dependency, it is possible to model the variability of soil properties

with a spatial stochastic process also known as random fields (Papoulis 1985). Values taken by a given

property at any points of a domain are then considered as a sample function of such a field, defined

classically by the following parameters: Expected Value, Variance, Auto-covariance or Auto-

correlation function and the Probability Distribution Function.

Extensive instrumentation and measurement programs performed on earth dams (Fry & Rossa

1988) such as the Mirgenbach and Vieux-Pré dams (France) have led to the conclusion that for such

structures a significant spatial correlation exists. The influence distance at which auto-covariance

becomes negligible is sensitive to the construction procedure as well as to the material nature, but is

practically identical for all properties. A pronounced anisotropy (i.e., due to compaction) of the auto-

covariance exists with a vertical distance of influence of the order of meters and horizontal distance of

influence of the order of tens of meters.

Many studies (Cherubini 1997, Mrabet 1999) have stressed the effect of existing auto-correlation

on the results of probabilistic models of slope analysis. Ignoring auto-correlation is conservative and

considerably more than desired and the analysis that considers typical auto-correlation distances

results in reduction of probability of failure (Mrabet 1999). The probability of failure may

considerably be reduced if the auto-correlation function is taken into account. Cherubuni (1997)

stresses that the integration of the fluctuation scale (i.e. auto-correlation distance) in probabilistic

models in a geotechnical context generates failure probabilities consistent with frequencies of failure

observed in practice.

4. Conditional random fields and Bayesian updating

The updating procedure based on conditional random fields was developed to incorporate the results

of control tests in a reliability analysis as soon as they are available in order to take decisions based on

an actualized evaluation of the reliability of the structure. The ability to use the Bayesian method to

update probabilities of event occurrence, based on new information, is one of the most powerful tools

available and operates in many circumstances, not just in the field of geomechanics.

If the uncertainties and risks have been quantified before construction begins, then updated

information obtained during construction can be used to revise risk estimates and to guide decisions

made during construction process. The reliability analysis can be performed using conditional random

fields to incorporate the results of control tests in reliability analysis as soon as they are available in

order to take decisions based on an actualized evaluation of the reliability of the structure.

5. Case study: Embankment Dam

The Abid Dam was selected as a case study for performing analyses described previously to predict

displacements in the dam and to perform the reliability analysis. Here we consider the uncertainty

related to the spatial variability of the materials properties within the dam.

The Abid Dam is a zoned embankment dam with a central plastic impervious clay core located on

the Abid River, in the northern part of Tunisia. It has a crest length of about 550 m and crest width of
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about 8 m. The total volume of the embankment is about 650,000 m
3
. A maximal cross-section of the

dam is shown in Figure 1.

Figure 1: Maximal cross-section of the Abid Dam. 1: Plastic clay soils, 2: Clay soils, 3: Drain, 4:

Filter, 5: Transition material, 6: Rip-rap 7: Rockfill protection, 8: Downstream slope protection.

Initially, the analysis was performed using a simple random field. Secondly, conditional random

field and conditional simulation were undertaken to assess the uncertainty related to the spatial

variability of the material properties within the dam based on quality control data results obtained

during construction. The coefficients of variation of vertical displacements within the dam are

presented in the annex (Figures 2a, 2b, 2c).

These results show that no uncertainty affected vertical displacements for points situated at the base

and on the crest of the dam. Conversely, the largest uncertainty in these displacements occurred so far

from the boundaries, mainly close to the cofferdam and down streams slopes.

The conditional random field technique gives a lower coefficient of variation of vertical

displacements than the simple random field method. This can explain the reduction in uncertainty

when using the additional data.

Conditional simulation gives higher coefficients of variation of vertical displacements within a dam

than both simple and conditional random field methods.

References

Bouayed, A. 1997. Modélisation stochastique par élement finis en géomécanique. Thèse de

Doctorat, , ENSG, INPL, Nancy, France.

Cherubini, C. 1997. Data and consideration on the variability of geotechnical properties of soils.

Proceedings of the Conference on Advances in Safety and Reliability: ESREL 1997. pp. 1583 –

1591.

Mrabet, Z. 1997. Fiabilité des remblais homogènes compactés. Thèse de Doctorat , ENSG,  INPL,

Nancy, France

Mrabet, Z., 1999. Reliability Analysis of homogeneous earth fills - A new approach. Proceedings

of the 8
th
 International Conference on Applications of Statistics and Probability in Civil

Engineering, ICASP8 1999, Sydney, Australia; Balkema, 499-507.

Mrabet, Z. and Bouayed, A. 2000.  Reducing uncertainty on the results of reliability analysis of

earth fills using stochastic estimations. Proceeding of the Second International Conference on

Computer simulation in Risk Analysis and Hazard Mitigation, Risk Analysis 2000, Bologna,

Italy, 11 –13 October 2000.pp 203-214



4

Mrabet, Z. & Giles, D. 2002. Probabilistic risk assessment: The key tool for uncertainty reduction

in geotechnical engineering (invited paper). Paper to be presented at the Second International

Conference on Computer simulation in Risk Analysis and Hazard Mitigation, Risk Analysis

2002, Sintra, Portugal.

Papoulis, A. 1985. Probability, Random Variables and Stochastic Processes.  Second edition, Mac

Graw Hill.

Rossa, O, and Fry, J.J. 1988. Exploitation des données recueillies sur la digue Aube . Internal

report, EDF.

Zienkiewicz, O. C. 1973. The Finite Element Method in Engineering Science. Mc Graw-Hill.

Annex:

Figure 2: Coefficient of variation of vertical displacement: a) simple random field, b) conditional

random field, c) conditional simulation



Whitworth, M., Giles, D., & Murphy, W, (2002). Landslides of the Cotswolds 
escarpment, Broadway, Worcestershire, UK. Proceedings of the Cotteswold 
Naturalists’ Field Club, XLII(2), 118-127. 























Giles, D.P. (2004). Geotechnical Engineering. In R.C. Selley, L.R.M. Cocks & I.R. 
Plimer, (Eds.), Encyclopedia of Geology, (Vol. 3, pp. 100-105). Elsevier. 



Scientific proposals for ensuring that inadvertent
human intrusion will not occur at such burial sites
in the far distant future have called for the creation of
new, long-lasting geomythological ‘traditions’, with
written and visual markers of menacing design, to in-
dicate to future generations the grave perils of what
lies buried underground.

See Also

Biblical Geology. Famous Geologists: Cuvier. History
of Geology Up To 1780. Tectonics: Earthquakes. Vol-
canoes.

Further Reading

Barber E and Barber P (2005) When They Severed
Earth from Sky: How the Human Mind Shapes Myth.
Princeton: Princeton University Press.

Birkett K and Oldroyd D (1991) Robert Hooke, physico
mythology, knowledge of the world of the ancients and
knowledge of the ancient world. In: Gaukroger S (ed.)
Uses of Antiquity, pp. 145 170. Dordrecht: Kluwer
Academic Publishers.

Cataldi R, Hodgson SF, and Lund JW (eds.) (1999) Stories
from a Heated Earth: Our Geothermal Heritage. Sacra
mento: Geothermal Resources Council, International
Geothermal Association.

Clark E (1952) Indian Legends of the Pacific Northwest.
Berkeley: University of California Press.

Deloria V (1997) Red Earth, White Lies. Golden (CO):
Fulcrum.

Echo Hawk RC (2000) Ancient history in the New World:
integrating oral traditions and the archeological record
in deep time. American Antiquity 65: 267 290.

Greene MT (1992) Natural Knowledge in Preclassical
Antiquity. Baltimore: Johns Hopkins University Press.

Hale JR, de Boer JZ, and Chanton J (2001) New evidence
for the geological origins of the ancient Delphic oracle
(Greece). Geology 29: 707 710.

Kraft J C, Rapp G, Kayan I, and Luce JV (2003) Harbor
areas at ancient Troy: sedimentology and geomorphology
complement Homer’s Iliad. Geology 31: 163 166.

Mayor A (2005) Fossil Legends of the First Americans.
Princeton: Princeton University Press.

Mayor A (2000) The First Fossil Hunters: Paleontology
in Greek and Roman Times. Princeton: Princeton
University Press.

Mayor A and Sarjeant WAS (2001) The folklore of foot
prints in stone: from classical antiquity to the present.
Ichnos 8(2): 1 22.

Rappaport R (1997) When Geologists were Historians,
1665 1750. Ithaca: Cornell University Press.

Ryan W and Pitman W (1998) Noah’s Flood: The New
Scientific Discoveries about the Event that Changed
History. New York: Simon & Schuster.

Tylor EB (1865) Researches into the Early History of Man
kind. London: John Murray (reprinted 1964, Chicago:
University of Chicago Press).

Vitaliano D (1973) Legends of the Earth: Their Geological
Origins. Bloomington: Indiana University Press.

GEOPHYSICS

See EARTH: Orbital Variation (Including Milankovitch Cycles); EARTH SYSTEM SCIENCE; ENGINEERING
GEOLOGY: Seismology; MAGNETOSTRATIGRAPHY; MOHO DISCONTINUITY; PALAEOMAGNETISM; PET-
ROLEUM GEOLOGY: Exploration; REMOTE SENSING: Active Sensors; GIS; Passive Sensors; SEISMIC
SURVEYS; TECTONICS: Seismic Structure At Mid-Ocean Ridges

GEOTECHNICAL ENGINEERING

D P Giles, University of Portsmouth, Portsmouth, UK

� 2005, Elsevier Ltd. All Rights Reserved.

Introduction

Geotechnical engineering has recently (1999) been
formally defined in a Memorandum of Under-
standing on the proposed unification of the British

Institution of Civil Engineers Ground Board and
the British Geotechnical Society. Appendix A of that
memorandum, establishing the British Geotechnical
Association, sets out the following definition:

Geotechnical engineering is the application of the sci
ences of soil mechanics and rock mechanics, engineering
geology and other related disciplines to civil engineering
construction, the extractive industries and the preserva
tion and enhancement of the environment.
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Geotechnical engineering plays a key role in all civil
engineering projects, since all construction is built on or
in the ground. In addition it forms an important part of
extractive industries, such as open cast and underground
mining and hydrocarbon extraction, and is essential in
evaluating natural hazards such as earthquakes and
landslides.
The use of natural soil and rock makes geotechnical

engineering different from many other branches of engin
eering: whereas most engineers specify the materials
they use, the geotechnical engineer must use the material
existing in the ground and in general cannot control its
properties.
In most cases the complexity of the geology means

that the geotechnical engineer is dealing with particu
larly complicated and variable materials; their mechan
ical properties usually vary with time and are critically
dependent on the water pressures in the ground, which
can often change.
The geotechnical engineer does sometimes have the

opportunity to specify certain properties or treatment
of soils, rocks and other materials used in construction.

Geotechnics can thus be primarily considered as
the science of the engineering properties and behav-
iour of rocks and soils. Geotechnical engineering

can be considered as the professional practice and
implementation of that knowledge contributing prin-
cipally to the design of engineered structures in and
on the ground (Figure 1).

Fundamental to geotechnical engineering are the
study and practice of engineering geology, geomecha-
nics (rock mechanics and soil mechanics), the design
of foundations, the stabilization of slopes, the im-
provement of ground conditions, the excavation of
tunnels and other underground openings, the analysis
of ground behaviour, and the assessment of ground
movements.

Soil Mechanics and Rock Mechanics

Soil mechanics (see Soil Mechanics) and Rock Mech-
anics (see Rock Mechanics), together known as ‘geo-
mechanics’, involve the study and understanding
of the physical properties and behaviour of rocks
and soils. These properties will include material
strength (in tension, compression, and shear), mois-
ture content, porosity and permeability, and a des-
cription in engineering terms (including a description
of the weathered state and of the rock and soil

Figure 1 The practice of geotechnical engineering encompasses a wide variety of skills. Modified from the British Geotechnical

Association (1999) Memorandum of Understanding, Appendix A, Definition of Geotechnical Engineering. Ground Engineering, Nov. p. 39

EMAP, London.
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en masse as well as material, a description of any
discontinuities – such as fissures, fractures, joints,
faults, and shears – and any other geological aspect
of the mass fabric).

Geotechnical Engineering

Geotechnical engineering encompasses the civil en-
gineering of the ground and deals with the interaction
of that ground with engineered structures. The prin-
cipal works undertaken are foundations, slopes,
ground improvement, and underground excavations.

Foundations

The design and construction of foundations involves
the calculation of bearing loads and capacities, the
selection of the optimum foundation type (e.g.
footing or pile), embankment design, retaining wall
design, and seepage analysis. The geomechanical
investigations required for foundation design will
include evaluating soil stiffness, lateral earth pres-
sures, consolidation coefficients, and material
strengths, together with an analysis of the effective
stress conditions.

Slopes

The study of slopes and landslides requires the design
of cuttings, analysis of slope stability (in rock, soil,
or debris), and consideration of slope stabilization
measures (which may include slope drainage sche-
mes, slope reprofiling, ground anchor and pinning
systems, and other physical support methods).

Ground Improvement

Ground improvement includes mechanical and re-
inforcement measures, chemical treatment, drainage,
bioengineering, and the use of geotextiles.

Underground Excavations

The design of tunnels and underground excavations
involves the consideration of rock mass strength,
the design of suitable excavation techniques (such as
drill and blast, use of tunnel boring machines, use
of roadheaders), and the design of suitable support
systems (such as sprayed concrete (shotcrete), steel
sets or supports, concrete segments, rock bolts).
Arrangements must also be made to monitor any
ground settlement, closure, or overstressing during
the excavation operations.

Risk Analysis

The identification of geohazards and their incor-
poration in the risk management process requires
hazard assessment and risk analysis (see Engineering

Geology: Natural and Anthropogenic Geohazards).
This work underpins all aspects of modern geotech-
nical engineering practice. The geotechnical engineer
will be responsible for compiling a risk register, which
includes an analysis and assessment of all ground-
related risks that could affect the engineering project
together with a programme of suitable responses
to prevent such risks occurring or, should such risks
be realized, suitable mitigation and management
measures that should be implemented if the event
occurs.

Ground Investigation
and Characterization

Geotechnical engineering is underpinned by the as-
sessment and characterization of ground conditions
using site and ground investigation data (see Engin-
eering Geology: Site and Ground Investigation). Geo-
technical engineers therefore need to work closely
with engineering geologists to develop conceptual
models appropriate to the ground conditions, includ-
ing the geological setting of the site and the geo-
technical variability (Tables 1–4). Detail is provided
by the site and ground investigation process, building
on the background knowledge provided by earlier
investigations, research, and the records held by
local and regional authorities (notably the British
Geological Survey). Site-specific data is used to gener-
ate factual and interpretive accounts of the ground
conditions, using both in situ data from intrusive test
programmes and tests conducted on sample data
obtained from extensive laboratory testing pro-
grammes. These data are used to create a conceptual
model from which expected ground conditions can
be anticipated. This data analysis provides the key
geotechnical parameters and values that are used in
the subsequent geotechnical design.

Table 2 Some typical geotechnical properties of engineering

soils

Soil type

Grain size

(mm)

Liquid

limit (%)

Plasticity

index (%)

Friction

angle (j�)

Gravel 2 60 N/A N/A >32

Sand 0.06 2 N/A N/A >32

Silt 0.002 0.006 30 5 32

Clayey

silt

0.002 0.06 70 30 25

Clay <0.002 35 20 28

Plastic

clay

<0.002 70 45 19

Organic Generally

amorphous

>100 >100 <10

N/A, not appropriate.

Courtesy of Waltham AC (2001) Foundations of Engineering

Geology. 2nd Edition. Spon Press. London.

GEOTECHNICAL ENGINEERING 103



Hydrology and Hydrogeology

Geotechnical engineering requires an understanding
of and the ability to control fluids. Knowledge of both
fluid type and fluid flow (hydrology) is necessary and
builds on a knowledge of the geological controls
(hydrogeology (see Engineering Geology: Ground
Water Monitoring at Solid Waste Landfills)). This
enables the design and construction of landfills,
dams for impounding reservoirs, irrigation, and
abstraction for water supply.

Geotechnical Modelling

Geotechnical modelling generally involves the con-
struction of numerical and computational models of
the ground conditions, permitting an evaluation of
alternative engineering solutions for the design and
construction of the proposed works. Computer-based
techniques may use finite element, finite difference,
distinct element, or particulate codes. These tech-
niques are used to model, analyse, interpret, and
visualize the variety of geotechnical processes and
designs.
Geotechnical engineering is therefore a multidisci-

plinary subject that critically involves the understand-
ing and application of soil mechanics, rock
mechanics, and hydrogeology and is linked to the
study of engineering geology. It is applied to civil
engineering construction, mineral extraction, and
the improvement of our environment.

See Also

Engineering Geology: Natural and Anthropogenic Geo-

hazards; Site and Ground Investigation; Ground Water

Monitoring at Solid Waste Landfills. Environmental
Geology. Rock Mechanics. Soil Mechanics.
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GEYSERS AND HOT SPRINGS
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Introduction

Geysers and hot springs that emerge at openings on
Earth’s surface are primarily found in regions of sen-
escent or dormant volcanic activity. A second type of
activity unrelated to volcanism also produces thermal
waters; these ‘meteoric’ waters, the product of rain
and snowfall, after descending deep into the ground
through rock fissures and pores, have elevated tem-
peratures at depth due to the global geothermal gra-
dient. Both types of geothermal waters, convective
and conductive, respectively, serve as geothermal
energy resources and as resources for other purposes,
but convective waters are more commonly exploited
at present.
A unique ecology exists at geothermal sites.

Under the sea, black smokers that emanate from
geothermal vents relate closely to valuable sulphide
mineral deposits found in ancient rocks; these sites
also harbour extraordinary tube worm populations.
On land, various minerals are deposited at sites of
geothermal activity, micro-organisms thrive in the
surrounding heated environment, and the warm
waters have long been used as health spas. In addit-
ion to their popular use for health and medicinal
purposes, geysers and hot springs serve as indicat-
ors of below-surface events. Increased geothermal
activity provides a valuable warning of renewed
volcanic activity. The entire spectrum of mild erup-
tion as a volcanic process has an extension into the

energy field, into the field of geomedicine, and
into commercial enterprise. Geothermal energy is
used in a number of countries worldwide, and
some of the geothermal mineral deposits (for
example, sulphur and borates) and associated rock
formations (travertine and tufa) are of commercial
value.

Geothermal Systems

The rocks of the uppermost 2–4 km of Earth’s crust
are generally porous and/or fissured and may be
aquifers, filled with groundwater that has percolated
down from rain and snow falling onto the surface.
Those rocks that are not porous or fissured, i.e.,
are impermeable, form impermeable aquacludes,
which separate or cap groundwater bodies. Heat
within Earth is of two types: heat produced by
gravitation on accretion and radiogenic heat from
radioactive mineral decay. The transport of heat
to Earth’s surface is manifested in two ways. The
first of these is a convective process, associated with
the rise of hot magma, generated by partial melting
in the mantle or crust. The molten rock cools in
magma chambers, and this is the main source of
geothermal heat as manifested in geysers and hot
springs. The heat is passed from the cooling magma
in the chamber to the surrounding country rocks,
especially those above the chambers. Where these
chambers contain groundwater bodies, the water
expands and rises buoyantly, to be replaced by cold
water flowing in from the sides, which is in turn
heated and rises. This process establishes a ge-
othermal circulatory system, which cools the
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Summary 
 
This paper describes the potential role of local climatic, environmental and geological settings in 
the development of economic and safe municipal solid waste disposal sites in the arid zones of 
Southern Africa. Arid zones of Southern Africa are exemplified by the Kalahari and Namib 
Deserts. These hot and extremely dry deserts cover much of Namibia, Botswana, the northern 
part of South Africa and the southern part of Angola. In all of these arid zones, municipal solid 
waste disposal sites are part of the modern urban development. The natural extreme dry 
conditions of this environment are a key factor in the development of appropriate strategies and 
technologies that can make municipal waste disposal sites more sustainable with realistic costs 
and fewer environmental impacts.   
 
1. Introduction 
 
Arid regions of the world encompass nearly one third of the Earth’s land surface and include the 
Sahara, Kalahari, Namib, Mojave, Atacama, Chihuahuan, Thar, Arabian and Great Western 
Deserts. The arid environment of Southern Africa are exemplified by the Kalahari and Namib 
Deserts, covering much of Namibia, Botswana, northern part of South Africa and southern part 
of Angola. In these deserts, municipal solid waste disposal sites are part of the modern urban 
infrastructure in an environment where evapotranspiration generally exceeds precipitation 
throughout the year. Many schemes have been developed to classify aridity of various climatic 
zones such as those found in the Kalahari and Namib Deserts with each scheme having different 
end-uses that may range from food production to water supply projects (Kotwicki and Allan, 
1998). The majority of these schemes consider moisture availability, which is the balance 
between supply (precipitation) and losses (evaporation and transpiration from plants). However, 
some schemes take into account the retention of moisture in soils and seasonality of precipitation 
because they affect the effective rainfall. The most widely applied scheme is one described by 
the United Nations Environmental Programme (1992). The scheme uses an aridity index (AI) 
(where (AI) = (P/PET), (P) is annual precipitation and (PET) is potential evapotranspiration, 
which are calculated from meteorological data. In this scheme, the subdivisions are: AI < 0.05 
=Hyper-arid, AI between 0.05 - 0.2 = Arid, AI between 0.2 - 0.5 = Semiarid and finally AI 
between 0.5 - 0.65 = Dry sub-humid (United Nations Environmental Programme, 1992). 
 



 

 

 

As a rough guide, the subdivisions of aridity can be equated approximately to mean annual 
precipitation. When this is done, it is important to understand that rainfall alone is not the sole 
control on aridity, and to remember that any time-averaging of rainfall is misleading, because in 
arid environment there may be many years when rainfall is zero. The scheme described by Grove 
(1977)uses precipitation as an indicator with respect to aridity and is subdivided as follows: 
Rainfall < 25 mm = Hyper-arid, 25 - 200 mm = Arid and 200 - 500 mm = Semiarid. This scheme 
by Grove (1977) is widely used and has been modified based on local patterns and is used in the 
present study to characterise aridity patterns in the region. More than 70% of the Namib Desert 
falls in the hyper-arid zone with remaining part, as well as all the Kalahari Desert, falling within 
the arid zone with precipitation ranging between 0-300 mm (Figure 3).  
 
2. Methods and Data Components   
 
The arid test zones that have been covered in this study consist of sites in the Kalahari and 
Namib Deserts located in Namibia. In this country these two deserts cover a very large land 
surface represents about 55% of the 824,292 km2 total area. These dry and hot regions are 
characterised by scant and highly variable precipitation. The classification of arid environment 
used in this study has been based on variations of precipitation, evaporation and vegetation 
patterns. However, using precipitation as an indicator of the available moisture, arid environment 
has been defined an area that receive annual average rainfall ranging between 0 -300 mm. These 
regions have, over the years, been considered as ideal places for disposal of different types of 
wastes due to low precipitation, high daytime temperatures, thick unsaturated zones and high 
evapotranspiration rates (Roseboom, 1983; Winograd, 1981, 1986; Reith and Thomson, 1992, 
Mwiya, 2002). Today, the design and management of municipal solid waste disposal facilities 
have changed dramatically in the developed world. However, little has changed in the 
developing countries particularly those with the arid climates occurring in parts of Namibia, 
Botswana, South Africa and Angola.  
 
High quality field studies on waste disposal performances in arid environment are limited to the 
western part of the United States of America where the United States Geological Survey have 
been conducting research in the Mojave Desert since 1976 (Andraski, 1997; 
http://water.usgs.gov). The arid region of the United States has traditionally been used as burial 
sites for low-level radioactive waste (Gee et al., 1992, 1994). The lack of knowledge and 
understanding of the dynamics of different ecosystems of these regions is among the factors that 
are contributing to the current high levels of pollution. This is so because, in much of the arid 
environment of the developing world, which includes Africa, the Middle East and South 
America, municipal solid waste disposal sites are regarded as mere dumps with little or no 
regulation (Al – Yaqout and Townsend, 2001; Diaz and Savage, 2002). However, recent and 
ongoing studies in the United States of America (Khire et al., 2000), the southwestern part of 
Africa (Mwiya, 2002), North Africa (Zaïri et al., 2002) and the Middle East (Al – Yaqout and 
Townsend, 2001) reveal new knowledge and understanding of these regions with respect to 
waste disposal development.  
 
In order to fully capture the relevant data necessary in the understanding of this environment, 
desk studies were undertaken on selected arid test zones followed by preliminary field 
investigations. During the desk studies, relevant data pertaining to climatic, environmental and 
ground components were collected and evaluated for use in the preliminary field investigations 
(Figure 1). The preliminary investigations covered geomorphology, hydrogeology, remote 
sensing, geotechnical and geological investigations. A variety of field and laboratory techniques, 
covering the collection and evaluation of  climatic, environmental and ground data sets and were 
then characterized into source, pathway and target influence factors (Figure 2). Source factors 



 

 

 

define data sets with characteristic influences that can cause an impact with respect to the waste 
disposal design process. Pathway factors represent data sets with characteristic influences that 
can allow an impact to occur and the target factors define the data sets that are likely to be 
impacted.  
 
 

KEY:(A on B) = high STANDS for ‘A’ which is CLIMATIC has a HIGH direct or indirect influences on ‘B‘ which is 
ENVIRONMENTAL, Where VERY LOW = 1, LOW= 2, HIGH = 3 and VERY HIGH = 4 

 
          

A. 
CLIMATIC 

COMPONENT   

           (A on B) = High 
The climatic components 
influence the mobility 
and nature of the 
contaminant sources and 
contain pathway factors 
that have an influence on 
the target factors within 
the environmental 
components such as 
fauna & flora.   

    (A on C) = High 
The climatic components 
influence the efficiency 
of potential pathway 
factors within the ground 
components, which 
includes faults and 
fractures opening due to 
erosion.  

(A on D) = Very high 
The climatic components 
have a great indirect 
influence on the type of 
mitigation. The indirect 
influences are due to the 
direct influences of the 
climatic components on 
the environment and 
ground components. 

(B on A) = high 
Gas emission as one of 
the sources from the 
environmental 
components and is a 
health hazard, which 
contributes to the amount 
of greenhouse gases 
emitted into the 
atmosphere.  

 
     
 

B. 
ENVIRONMENTAL   

COMPONENT  

  (B on C) = High 
The environmental 
components consist of 
source factors as well as 
target factors within it. It 
influences the type of 
ground condition and 
material to be used.  

(B on D) = Very high 
Environmental 
components have a great 
influence on the type of 
mitigation due to the 
source and target factors 
within it.    

(C on A) = high 
Ground components have 
a direct influence on 
some of the climatic 
components such as the 
amount of surface runoff, 
infiltration, and local 
wind direction due to 
topography influences 
and other ground 
components.  

(C on B) = high 
The influence of ground 
to the environmental 
components pronounced 
due to the number of 
pathways within the 
ground model that can 
enable the sources within 
the environmental model 
to reach the target of 
concern in both models.  

  
            
 

C. 
GROUND 

COMPONENT 
 

(C on D) = Very high 
The ground component 
has a great influence on 
the mitigation. These 
include influences on 
location depending on the 
nature of  the ground 
condition. Both pathways 
and targets factors are 
found within the ground 
component.  

(D on A) = high 
The mitigation has to 
reduce the role of the 
pathway factors of the 
climatic components by 
designing structures that 
can stand climatic 
fluctuations.  

     (D on B) = high 
The mitigation is the 
barrier for the source and 
target factors within the 
environmental 
components.  It can cause 
some impacts to some 
target factors within the 
environmental 
components, which 
include damage to flora 
due to poor mitigation. 

(D on C) = High 
The mitigation is the 
main barrier and it can be 
a source as well as a 
pathway factor if poor 
engineered site structures 
are constructed 

 
D. 

MITIGATION 
(SITE 

DEVELOPMENT)  

 
Figure 1: Example of the matrix evaluation of the climatic, environmental and ground 
components interactions and influences on arid environment municipal waste disposal sites 
development strategy. This general matrix assessment is an example of assessment process that 
were used to evaluate the influences of various data sets grouped into climatic, environmental 
and ground components as well as the characterised components (Figure 2).   



 

 

 

 
 
                                     
                                                                                                                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Characteristics associating climatic, environmental and ground components with 
respect to arid environment municipal waste disposal site development strategies. 
 
3. Influences of Climatic Components 
 
Climatic components, which include precipitation and its mode of occurrence, radiation, 
humidity, temperature, wind and evapotranspiration, have the most influences on the design and 
performance of waste disposal sites in arid environments (Table 1). The climatic component data 
sets used in this study were obtained from the Meteorological Services Division in Windhoek, 
Namibia (Figure 3). The analysis and evaluation of climatic data such as precipitation has been 
undertaken using the statistical methods currently employed which include the wettest year on 
record, three or five year rolling averages or the ten year period with the highest year average 
precipitation (Wood and Andraski, 1995; Wood, 1996; Poccard, 1998; Khire et al., 1997, 1999). 
Uncertainties associated with the data have been minimised using statistical techniques.  
 
Evaluations of the influence of climatic components on waste disposal sites has been focused on 
established long and short-term trends of annual and monthly variations of precipitation and 
evaporation. In addition, temperature and wind (speed and direction) have been used in the 
evaluation of effective site operation practices that meets the short and long-term site 
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performances with respect to economics and environment protection. The prevailing wind in 
these deserts is mainly from the south with velocities of up 12 m/sec-1 in the Namib Desert. The 
numbers of rainfall events expressed as an annual average range in days is between 10-30 with 
temperature averaging 33 and 20 degrees Celsius in summer and winter respectively. The length 
of the rainy season, expressed as the number of months with more than 50 mm of rain are 1-2 
months. However, annual evaporation is very high throughout the year and range between 2600 
mm and 3700 mm. Although average precipitation has been used as an indicator for assessing 
the short and long-term influences of rainfall on waste disposal sites, these average figures do 
not necessarily represent the overall water budgets in arid environments because time between 
rainfall events is often long and unpredictable (Figure 3). However, the data sets for accurate 
prediction of effective rainfall are often not readily available and precipitation estimates has been 
used as an indicator of the likely influence on waste disposal sites in arid environments (Figure 
3, Table 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Relationship between rainfall and evaporation for arid environment municipal waste 
disposal site development Strategies. (a) Lüderitz 1902-2001 data sets, a location in the coastal 
belt of the Namib Desert, and (b) Gobabis 1914-2001 data sets – an area located in the Kalahari 
Desert (Data Source: Meteorological Services of Namibia, Windhoek).   Evaporation is in excess 
of precipitation for most of the year and this trend indicates that a small percentage of the 
rainwater is available for leachate generation only for a very short period particularly during 
storm events. But this is unlikely because up 95% of the waste generated and disposed at these 
sites is dry waste hence all the excess moisture will be absorbed.  
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Table 1: Summary of the climatic components and their significance to arid environment  
  municipal waste disposal site development strategies. 
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DATA SET SIGNIFICANCE 

Precipitation 

Precipitation data that is important for climatic water balance assessments 
with respect to potential fluid production. The data is also required for flash 
flood predictions. Precipitation trends will have some influence on the type of 
lining and cover designs (daily and final cover systems). The data is readily 
available from local meteorological services.  

Temperature 
Temperature will have a direct influence on the amount of fluids that may 
affect the operation of the site. It also has an influence on the operation and 
design of the site. The data is readily available locally. 

 Evapotranspiration  

This combined effect of evaporation and transpiration is important in water 
balance assessments and will have a direct influence on site design, operation 
and aftercare stages. The data is readily available from local meteorological 
services and models are also available for calculating evapotranspiration from 
other climatic data sets. 

Wind Direction and 

Speed 

The data on direction and speed is critical to site selection. The data has a 
direct influence on the site operation and cover designs. The data is readily 
available from local meteorological services. 

Others  
Other climatic data such as radiation are also of importance. Where other data 
are available they can be incorporated during the desk study stage.  

 
4. Influences of Environmental Components 
 
The environmental components include the type and amount of waste produced by different 
industrial activities found in a particular area, the likely contaminants associated with the waste 
produced and the ecological and community settings (Table 2). Environmental components have 
a vital role in the planning and implementation of effective source reduction, separation and 
recycling programmes (Tchobanoglous et al., 1993). They also have an influence on the design 
of collective systems for commingled and source-separated waste processing and transformation 
facilities, transfer facilities, transport equipment and ultimate disposal facilities (McCauley et al., 
1997; Lave et al., 1999). The knowledge about the sources and types of wastes, along with the 
data on the composition and rates of generation has a considerable influence on the selection and 
operation of waste disposal sites (Table 2). In addition to waste characterisation, ecological and 
community influences are also important and play a vital role on the development of effective 
environmental protection strategies (Barnard, 1995). Evaluations of the influence of waste 
disposal sites on local fauna and flora have been part of the field investigation activities. 
Vegetation has a great influence on the water balance and groundwater recharge (Wallace et al., 
1980; Fischer, 1992; Prudic, 1994). The studies by Smith et al. (1995), Wood (1996), Andraski 
and Prudic (1997) and Hauser et al. (2001) have revealed that vegetation has a major role on 
controlling infiltration and surface runoff on waste disposal sites in arid environments.   
 
Municipal industrial activities found in these deserts include fisheries, food processing and light 
industries such as vehicle servicing and repair. However, all these industries are associated with 
contaminant sources such as heavy metals which are easily mobilised through the burning of 
waste without uncovering the remaining ash.  This practice is very common in many settlements 
found in the arid environment of Southern Africa. The strong winds and runoff from occasional 
thunder storms are the principal pathways for contaminant migration in the Namib and Kalahari 
Deserts respectively. The development of waste disposal sites can have negative influences not 
only on the local fauna and flora but also on economic, social and political aspects of local 
communities. Conflict often occurs at different levels of authority between local and 
national governments, local communities and international agencies. In every environmental 



 

 

 

conflict opposing interests are present, either interests in profits, jobs and wealth creation or 
interests in amenity, health, sustainable utilisation of natural resources and the survival of 
ecosystems. These interests though frequently the source of conflict, are not always mutually 
exclusive. In general, current political trends appear to focus on wealth and profits with 
deteriorating environments apparently having less importance. However, environmental 
interests are also economic interests and the conservation of resources, the survival of 
ecosystems and the health of the population have essential roles in the maintenance of the 
economy.  

 
Table 2: Summary of the environmental components and their significance to arid environment  

municipal waste disposal site development strategies. 
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DATA SET SIGNIFICANCE 
 
A list of industrial 
activities in the area 

The type of industrial activity is related to the type of waste likely to be produced. 
The data is vital for evaluating the likely contaminants associated with the specific 
types of waste. The data is generally available from local authorities and other 
techniques are also available for conducting such studies   

Type and amount of 
waste produced by 
each industry 

The data on type and amount of wastes produced is critical to site selection and 
initial designs. Limited data may be available locally and predication models are 
also available.      

 
Likely contaminants  

Contaminants associated with specific types of waste can be evaluated during the 
desk study. The data is important when evaluating the design variables associated 
with the type of lining required. The data is generally available from local 
published literature.  

 
Ecological settings  

Data on local fauna and flora is important for ecological protection. The data is also 
important for evaluating plant species that can be integrated in the rehabilitation 
and aftercare plan of the site under consideration.  The data is generally available. 

 
Community 
influences 

Community influences, which include social, economic, political and all other 
community concerns, have to be integrated in the project during the desk study. It is 
important to involve local communities at the start of the project in order to avoid 
future costs. Organising consultative meetings with local governments, community 
leaders and non-governmental organisations as well as interested and affected 
parties is one of the means of obtain data on community influences.  

Others  Other relevant data sets can also be incorporated, depending on the local settings. 
 
5. Role of Geology 
 
The ground components constitute a major part of the data sets that are required in the 
development of safe economic solid waste disposal sites in these dry and hot arid environments 
(Table 3). The methodologies that can be used in the collection and evaluation of the ground 
components include geological, geomorphological, geophysical, hydrological and geotechnical 
methods as well as laboratory studies (Anon, 1978, 1999; William et al., 1984; Gee et al., 1994; 
Andraski, 1997). The importance of geological data to ground investigation has been 
exemplified by Daly and Wright, (1982), Smith and Ellison (1999), Culshaw and Ellison (2002) 
and Culshaw and Northmore (2002). Geological investigations begin with the evaluation of 
published regional and local topographic, geological and aerial photographic data (Clatyton et 
al., 1995; Anon, 1999). The aim is to establish the regional and local stratigraphy, 
lithological and structural variations, identify areas with economic groundwater and surface 
water occurrences as well as areas with suitable construction materials (Table 3). Economic 
water sources in the Namib Desert are associated with paleo-channels while much of bedrock 
may only provide sufficient water for a small-holding. While in the Kalahari Desert, the thick 
sand/silt/calcrete deposits are a major source of water supply for the settlements found this zone. 



 

 

 

Some of these deposits, such as clays and calcretes, are also potential local materials that can be 
used in the various stages of waste disposal site development in these deserts.     
 
Table 3: Summary of the ground components and their significance to arid environment  

municipal waste disposal site development strategies. 
 

G
R

O
U

N
D

 C
O

M
PO

N
E

N
T

S 
 

            

DATA SET SIGNIFICANCE 

 
Geological   
[Solid and 
Superficial Geology] 

Regional and local solid geology as well as superficial deposits need to be 
considered. The regional geological setting will highlight the evolution of all-major 
lithologies and structures likely to be encountered on the site. The local geology 
will then focus on detailed characterisation of different geological units. The 
presentation of this data will usually take the traditional geological map format with 
relevant formations and groupings. The geological data is critical to all other types 
of thematic layers that may be relevant to specific site. 

 
 
Geomorphology data   
 
 

Geomorphological data is important in delineating surficial features including 
valleys gullies and ridges. Other field data that need to be collected include 
information on characteristics of superficial deposits, slope gradient, unstable 
slopes, areas prone to flooding and an assessment of the type of construction 
material that may be available locally. All of this data is presented in form of a 
geomorphological map. 

 
 
Engineering geology / 
geotechnical  
engineering data 

Engineering geology and geotechnical engineering data sets will provide the 
engineering descriptions and geotechnical properties of both soils and rocks of the 
site under consideration. Surface water and groundwater occurrences have to be at 
the centre of the data collection process with reference to geology and 
geomorphological data. If additional data is required, geophysical techniques such 
as direct current resistivity, seismic refraction, magnetic and gravity methods can 
be used. Other forms of quantitative data collection process include soil and rock 
mechanics laboratory data. Tests that can be conducted for soils and rocks include 
index properties and deformability characteristics, strength evaluation (uniaxial, 
triaxial, shear and durability). Discontinuity surveys form part of the rock mass 
evaluation. All of this data is critical for fluid migration and site stability 
assessments.  

 
Others data sets and 
recommendations 

Other laboratory work that needs to be undertaken are; mineralogical and whole-
rock analysis and water quality tests. This data is important for evaluating site 
operation and monitoring strategies. Some of this data may be readily available 
from locally organisations and government departments.   

 
6. Discussion 
 
The continual development of more sustainable waste management practices is government 
policy in many countries, particularly in the first world (Knox Associates, 1999). In developed 
countries, a number of targets and incentives for increasing the proportion of recycling as well as 
the imposition of landfill taxes to encourage alternatives to final disposal have been implemented 
(Environment Australia, 1999, 2002). It is clear that current landfilling practices are not 
sustainable but landfilling still remains an important waste disposal option (European 
Commission, 1998). In addition, there are currently no environmentally acceptable alternatives, 
with realistic costs, to deal with the volumes of waste that are produced by modern societies 
(Knox Associates, 1999).  
 
Water in arid environments is very scarce and droughts are common because of unreliable 
precipitation and the available water resources are threatened by uncontrolled pollution (Al – 
Yaqout and Townsend, 2001). Nonetheless, the new water-demanding flushing bioreactor 
technology is a promising development and is in line with the concept of sustainable 
development. However, the viability of using the high rate flushing bioreactor concept in arid 
regions may require some extreme modifications or may simply not be feasible mainly because 



 

 

 

of high moisture deficiencies and the high costs associated with the technology. The 
sustainability of waste disposal facilities has become the driving force behind researches in new 
technologies in wet climates but only limited work has been undertaken in arid regions. 
Critically, the definition of a sustainable waste disposal site in the wet climates found in most 
parts of Europe and America is centred on an active concept or wet cell philosophy (Shelley et 
al., 2001), which is designed to avoid the transfer of risks associated with waste disposal 
facilities to future generations.  
 
The risks associated with waste disposal facilities include odours, biogas and leachates (Suk et 
al., 2000). The current trend in Europe is towards sorting and expensive pre-treatment of wastes 
in order to reduce the polluting potential of wastes going to landfills (European Commission, 
1998). The classification of landfill sites into inert, non-hazardous and hazardous sites depending 
on the type of waste a site is designed to handle, with waste classifications depending on the 
toxicity associated with a particular type of waste, is central to the strategy of waste management 
and waste disposal site development in arid regions. Landfills designed for handling pre-treated 
wastes will have less pollution potential and little or no risks that can be transferred to future 
generations and such landfills fall within the dormant concept or dry tomb philosophy (Shelley et 
al., 2001). The sorting and pre-treatment of waste, coupled with reuse and recycling are options 
with clear application in arid environments. The natural conditions of these environments can be 
an instrument for new strategies and technologies that can make municipal waste disposal more 
sustainable with realistic costs. However, the dormant concept which is centred on sorting, pre-
treatment, reuse and recycling of wastes, requires effective regulatory frameworks that are non-
existent in developing countries with arid environment (Al – Yaqout and Townsend, 2001; 
Mwiya, 2002). In addition, little research has been undertaken in these environments with 
respect to climatic, environmental and ground influences on waste disposal developments. 
Nonetheless, sustainable waste management in these environments can be achieved by 
integrating all the local knowledge in the after-use plan of current and new waste disposal, from 
site selection to restoration.  
 
7. Conclusion and Future Trends  
 
The increasing numbers and size of uncontrolled waste disposal sites located in unsuitable places 
have a significant impact on the environmental wellbeing of the surrounding communities, fauna 
and flora in arid and semi-arid regions in developing countries. Solid waste disposal sites are 
among the ever increasing sources of surface and groundwater pollution in the arid environments 
of Southern Africa. The understanding of the influences and interactions of the climatic, 
environmental and ground data sets is central to designing cost-effective waste disposal sites in 
order to protect the local ecosystems. The development of affordable and effective waste 
disposal sites require the collection and evaluation of appropriate data in order to delineate the 
various processes thereby determining their influences on a waste disposal site. The strategy of 
using local climatic, environmental and ground data sets for determining the development, 
operation, restoration and aftercare measures with respect to municipal waste disposal sites 
development in arid environments is a reliable tool. The classification of waste disposal sites into 
inert, general and hazardous sites with respect to toxicity associated with a particular type of 
waste a site is designed to handle is a the first step for achieving sustainability for landfills in 
these environments. This can be achieved through the application of local climatic data sets 
(Table 1), environmental data sets (Table 2) and ground data sets (Table 3) in the development of 
solid waste disposal sites. Effective legislation covering sorting, pre-treatment of waste, reuse 
and recycling are options with clear application for the arid environments of Southern Africa. 
The natural extreme dry conditions are a key factor in the development of new strategies and 



 

 

 

technologies that can make municipal waste disposal sites more sustainable with realistic costs 
and fewer environmental impacts.   
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Airborne remote sensing for landslide hazard
assessment: a case study on the Jurassic escarpment

slopes of Worcestershire, UK
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Burnaby Building, Burnaby Road, Portsmouth, PO1 3QL, UK
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T
his paper describes the application of airborne
remote sensing to the study of landslides on
the clay-dominated slopes of the Cotswolds
Hills between the towns of Broadway,

Worcestershire, and Snowshill, Gloucestershire, in the
UK. The project involved an initial desk study, airphoto
interpretation and field survey in order to provide detailed
information about the nature and extent of the landsliding
in the area. High-resolution Airborne Thematic Mapper
(ATM) imagery was acquired by the NERC Airborne
Remote Sensing Facility, which was subsequently pro-
cessed in order to develop a remote sensing method for
landslide identification using airborne multispectral data.
A range of image processing methods are described
including colour composite enhancement and thermal
imaging, while the focus of the paper will be on the
development of a semi-automated method of landslide
identification using image classification and texture
analysis.

Results from the first stage of the study have shown
that the use of image processing techniques such as
colour composites and thermal imaging can provide
information on the ground surface not visible in conven-
tional aerial photography. In this case study, this has
included more detailed geomorphological information on
landsides in the area and the nature of the cambering
and gulls at the top of the escarpment. The second part of
the study has investigated the use of image texture
enhancement as a method of landslide identification,
applied in isolation and incorporated into an image classi-
fication scheme as a semi-automated method of land-
slide identification. Results from this investigation
indicate that landslides can be identified automatically
with a high degree of accuracy (83%) and that by using
image texture, the image classification technique is able
to successfully differentiate between areas of landslide
activity and stable slopes in the airborne imagery.

Its is clear from the results of this study that in order
to identify landslides in these types of clay-dominated
terrains, image texture must be used. Inland landslides,
like those on the Cotswolds escarpment, do not have a
spectral signature but they do exhibit a distinct spatial
signature that allows them to be identified in airborne

imagery using textural analysis. The semi-automated
method of landslide identification described in this paper
represents a rapid method of terrain evaluation and
landslide hazard assessment, which can be undertaken
prior to more detailed field mapping.

Keywords: geological hazards, geomorphology, landslides, remote
sensing, terrain analysis

Landslides directly affect the ground surface, which
means that remote sensing techniques are well suited to
their study (Soeters & Van Westen 1996). Conventional
airborne remote sensing for landslide mapping typically
involves the stereoscopic interpretation of aerial photog-
raphy, since their spatial resolution is most appropriate
for landslide investigations and the morphological char-
acteristics of mass movements are often visible under
stereo viewing (Mantovani et al. 1996; Pavlovic &
Markovic 1994). The presence of turbulent topography
resulting from hummocky or irregular landslide surface
(often enhanced by shadow) is often visible in such
photography (Avery & Berlin 1992; Clayton et al. 1982;
Kennie & Matthews 1985). The diagnostic surface land-
forms, which characterize landslide activity in aerial
photography, are described in detail by Dikau et al.
(1996); Crozier (1984); Bromhead (1992); Soeters & Van
Western (1996) and are summarized in Table 1.

The advantage of airborne sensors for the acquisition
of digital imagery is that the spatial resolution of
resulting images lies between that of aerial photography
and satellite images. While image acquisition requires
detailed planning and is subject to weather conditions,
the spectral and spatial resolution of airborne imagery
provide an improved data set for landslide identification
when compared to the SPOT and Landsat satellite
systems (Eyers et al. 1995; 1998). The Airborne
Thematic Mapper (ATM) sensor used in this study
provides imagery with high spatial and spectral
resolution, but also includes a thermal infrared band
whose spatial resolution is identical to the other spectral
bands. This is in contrast to many satellite sensors,
whose thermal imaging capabilities are either absent or
degraded when compared to the spectral bands.
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Landslide research has taken advantage of the high-
resolution imagery provided by airborne platforms.
Recent examples have utilized a variety of techniques
to enhance and map landslides including false colour
composite image interpretation (Hervas et al. 1996;
Murphy & Inkpen 1996; Ramli et al. 2000; 2003);
textural enhancement using statistical techniques
(Hervas & Rosin 1996; Hervas et al. 1996; Whitworth
et al. 2001); edge enhancement filters (Mason et al. 1995;
1998) and image classification (Lui 1985). In these
examples, landslide detection has been undertaken in a
range of climatic and geomorphic environments, includ-
ing arid and semi-arid environments of southern Spain,
through to more temperate conditions of southern and
central Britain.

Study area

The study area described in this paper is situated on
the county border between Gloucestershire and
Worcestershire in the UK (Fig. 1). The area lies between
80 m and 250 m AOD on the west-facing scarp slope
of the Cotswolds escarpment between the towns of
Willersey, Broadway and Snowshill (Grid Reference
SP107396 to SP095338).

The solid geology of the area is summarized in
Table 2, and comprises a sequence of Lower Jurassic
marine clays, sands and limestones including the
Charmouth Mudstone Formation, Dryham Formation,
Marlstone Rock Formation and Whitby Mudstone
Formation (Barron et al. 2002). These rocks are overlain
by limestones of the Middle Jurassic Inferior Oolite
Group, which cap the escarpment above Broadway.

The Charmouth Mudstone Formation comprises
grey, blocky and fissile, fossiliferous mudstones with a
few thin and nodular limestones. Around Broadway,
this was encountered during site investigation for the
A44 road bypass scheme at the base of the escarpment
where it forms the foot slopes and valley base. It consists
of very stiff to hard dark grey clay with some argilla-
ceous limestone bands grading at depth into a weak
mudstone (Mott Macdonald Ltd 1992).

The Charmouth Mudstone Formation passes without
break into the Middle Lias Dyrham Formation and an
overlying thinner ferruginous limestone (Marlstone
Rock Formation). The Dryham Formation consists of
predominantly pale to dark grey and greenish grey
micaceous siltstones, which are variably muddy, sandy,
calcareous and well cemented. The formation is esti-
mated to be about 60 m thick with 48 m of the sequence
being proved at Bredon Hill (Whittaker 1972). The
arenaceous nature of the Dryham Formation was con-
firmed at Broadway where site investigation identified
55 m of interbedded silts, siltstones and sandstone (Mott
Macdonald Ltd 1992).

The Dryham Formation is succeeded abruptly by the
Marlstone Rock Formation, which consists of grey and
brown, ferruginous, fossiliferous limestones and sandy
limestones (Barclay et al. 1997). At Broadway the
Marlstone Rock Formation comprises c. 7 m of brown
oolitic and fossiliferous limestone, forming a character-
istic platform topography midway up the escarpment
(Green 1992). This type of topography is particularly
well developed at Colliers Knap (Grid Reference
SP109378) above Broadway, where its competent nature
results in a distinct lithological bench.

Table 1. Surface landforms commonly associated with mass movement activity (adapted from Soeters & Van Western 1996).

Terrain landforms Relation to slope instability Image characteristics

Hummocky or irregular slope
morphology.

Relief associated with shallow slope
movements or small retrogressive slides
blocks.

Coarse image texture contrasts with
surrounding smooth areas

Step-like slope morphology. Retrogressive landsliding or successive
landslide features.

Step-like slope appearance with regular
tonal changes

Arcuate backscarp and crown wall. Head part of landslide with exposure of
failure plane.

Curved lighter toned scarp.

Back-tilted slope facets. Rotational movement of landslide
blocks.

Tonal changes associated with oval or
elongate depressions.

Differential vegetation associated with
changing drainage conditions.

Stagnated drainage in back-tilted block,
seepage at frontal lobes, differential
conditions and ponding within
landslide body.

Darker toned areas associated with
wetter ground conditions. Water
ponding and isolated pockets of
hydrophilic vegetation.

Sharp break of slope at main landslide
scarp.

Landslide scarp generated through
rotational or translational movement.

Sharp tonal change at break of slope.

Pressure ridges and transverse ridges. Landslide toe and overriding of surface
by landslide material.

Coarse image texture overlying
smoother image areas.

Lateral ridges or scarps. Shallow translational landsliding. Sharp tonal changes at the edge of
landslide area.
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The Marlstone Rock Formation passes into the
Whitby Mudstone Formation, which form the upper
more gentle slopes stretching from the midslope litho-
logical benches up to the scarp face at the top of the
escarpment. Only the lower part of the formation
has been proven at Broadway, comprising hard grey
fissured clay (Mott Macdonald Ltd 1992). The Whitby
Mudstone Formation passes into the Bridport Sand
Formation, which comprises a fine-grained sandstone in
turn overlain by the Birdlip Limestone Formation of the
Inferior Oolite Group. This consists of a series of mainly

oolitic and sandy limestones with some sandstone and
mudstone (Barron et al. 2002).

Landslide distribution

The nature of landslides on Jurassic slopes in the
UK has been well documented in the Midlands by
Chandler (1970, 1982), Bath (Chandler et al. 1976),
Northamptonshire (Chandler 1971), Lincolnshire
(Forster 1992; Forster & Culshaw 1994; Penn et al.

Fig. 1. Location of the study area around the town of Broadway.

Table 2. Typical descriptions of geological units and corresponding slope morphology observed on the Broadway escarpment (adapted
from Mott Macdonald Ltd 1992).

Formation Description Surface morphology

Birdlip Limestone Formation Oolitic and sandy ferruginous
LIMESTONE

Steep scarp face (260 m OD) and Cotswolds
plateau. Cambering and multiple rotational
landslides.

Bridport Sand Formation Fine to medium grained SANDSTONE. Cambering and landsliding.
Whitby Mudstone Formation Dark grey CLAY with some oolitic

LIMESTONE
Gentle angle slopes with remains of
degraded rotational landslides.

Marlstone Rock Formation Strong brown closely jointed oolitic and
fossiliferous LIMESTONE.

Cap rock to midslope lithological bench
(170–180 m OD).

Dryham Formation Moderately weak orange brown
SANDSTONE and SILTSTONE with
subordinate bands of SILT and CLAY.

Steep scarp faces below the lithological
bench. Occasional large rotational landslides
(Colliers Knap).

Charmouth Mudstone Formation Dark grey CLAY with occasional bands of
argillaceous limestone. Grades at depth into
weak mudstone.

Foot slopes and valley base. Mantled by
superficial deposits and solifluction deposits.
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1983) and on the slopes of Bredon Hill (Morris 1974;
Gerrard & Morris 1980). These studies have shown that
the properties and behaviour of clay slopes are similar
over a large area (Forster 1992) and that the geomor-
phological expression and style of landslides are consist-
ent with those found on the Cotswolds escarpment
between Willersey, Broadway and Snowshill (Whitworth
et al. 2000). The distribution of the Jurassic strata of the
Cotswolds escarpment has been discussed by Whittaker
(1972); Watson (1984); Butler (1983). They outlined the
following classification.

1. Cambered strata in the Inferior Oolite which caps the
upper part of the escarpment.

2. Zone of large scale rotational landslides below the
Inferior Oolite.

3. Zone of successive shallow rotational landslides.
4. Extensive shallow mudslides and translational land-

slides.

The Inferior Oolite limestone, which caps the
Cotswolds escarpment above the Broadway valley, is
known to be cambered; the British Geological Survey
geological map (SP13NW) identifies a zone of camber-
ing in the Inferior Oolite on the top of the escarpment to
the SE of Broadway (Barron et al. 2002). Figure 2 shows
an aerial photograph and ATM image of the edge of the
limestone scarp crest SE of the Broadway study area, in
the vicinity of Broadway Tower (Grid Reference
SP113362). The image highlights the presence of a series
of large elongate troughs running approximately north–
south, which represent a system of deep gulls that have
developed as a result of the cambering of the Inferior
Oolite over the Whitby Mudstone Formation below.
Barron et al. (2002) have described up to five gulls in this
area up to 1.2 km in total length, which have formed
where a much greater thickness of Inferior Oolite is
present. This large gull system marks the boundary
between the stable limestone plateau to the east and
a cambered slope on the escarpment edge to the west
(Fig. 2). The cambered zone itself dips westward into the
valley at approximately 7( towards Broadway; while
the slopes east of the gulls dip gently eastward. The
cambered slope shows evidence of further subparallel
linear depressions, which indicate the location and
orientation of the gull system in the Inferior Oolite.

Below the Inferior Oolite scarp, the upper zone of
large-scale rotational landsliding is well developed. Here
the degraded remains of the landslides form a series of
flat and back-tilted benches just below the main Inferior
Oolite scarp. The size and location of these failures is
controlled by the presence of the competent bed of the
Marlstone Rock Formation at the base of the Whitby
Mudstone Formation and the Inferior Oolite limestone
that caps the escarpment. These are succeeded by a
sequence of successive rotational and translational
landslides along with extensive shallow mudslide
activity, which form an apron on the lower slopes of the

escarpment. This landslide succession can be seen in the
SE part of in Figure 3.

The midslopes of the escarpment have a complex
morphology comprising a series of embayments, inter-
spur (re-entrant) valleys and lithological benches, which
serve to control the distribution and location of land-
slide activity on the escarpment. In some parts of the
area, the escarpment is divided into a series of broad
valleys separated by lithological benches midway up the
escarpment. These topographic benches dominate north
of Broadway, but appear to decline in prominence
towards the south. The position and topographic form
of these Marlstone Rock Formation benches clearly play
an important role in controlling landslide development,
by concentrating landslide activity within the inter-spur
valleys formed between these midslope lithological
benches. The Farncombe valley provides a good
example of this type of valley development where an
inter-spur valley has formed between two lithological
benches (Colliers Knap and Bibsworth Covert). Figure 4
shows an aerial photograph of this valley, illustrating
the nature of the landslide sequence development. The
upper slopes consist of benches formed by a series of
multiple rotational landslides, which are succeeded
downslope by a series of shallow rotational landslides
and mudslides. The aerial photography in Figure 4
shows how the landslides have coalesced, forming a
complex irregular topography within the valley base as
well as distinct lobes at the entrance to the valley.

The presence of the Marlstone Rock lithological
bench, which typically forms flat-lying benches midway
up the escarpment, tends to interrupt landslide develop-
ment. Where it is well developed on the midslopes,
material from the large landslides above come to rest on
the flat slopes of the bench. Where this occurs, these
landslide deposits form an important source area for
further landslide activity in the form of mudslides, which
are initiated at the Marlstone Rock interface and result
in the redistribution of this landslide material onto the
slopes below. Figure 3 illustrates this process where a
series of mudslides can be seen emanating from the
Marlstone Rock bench. They consist of a distinct back
scarp at the edge of the Marlstone Rock bench together
with a bowl-shaped depression, where landslide material
on the lithological bench is being removed at the head of
the mudslide. This process essentially depletes landslide
deposits present above the Marlstone Rock Bed inter-
face and redistributes them onto the lower slopes in the
form of distinct lobate mudslides and irregular mudslide
deposits. This process is not isolated to the Broadway
area, but has also been documented at other locations
along the escarpment (Morris 1974; Jones & Lee 1994;
Barron et al. 2002). The nature of the landslide develop-
ment on the Cotswolds is summarized in Table 3.

In the northern part of the study area, the
steep escarpment slopes below the Marlstone Rock
Formation are sometimes associated with further
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Fig. 4. Landslide morphological mapping of the Farncombe Valley using ATM colour composite and principal component analysis.
(a) NERC colour aerial photograph of the area; (b) RGB colour composite produced by the combination of a true colour composite
of ATM bands 4–3–5 with principal component image; (c) the corresponding geomorphological map of the Farncombe Valley
showing the location of benches, lobes and rotated blocks (rb). (ATM imagery and aerial photography courtesy of NERC ARSF).
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rotational landsliding. The Colliers Knap landslide
(Grid Reference SP107379) is an example of this type of
large relict rotational failure. The landslide is c. 300 m
wide and 290 m long and consists of a steep, heavily
wooded backscarp that extends throughout the Dryham
Formation up to the Marlstone Rock Formation,
forming a distinct flat lithological bench at Colliers
Knap. The map and aerial photograph in Figure 5
illustrate the geomorphology of the landslide, which
consists of a degraded rotated block, a zone of shallow
secondary rotational failures and the toe, which forms
an accumulation apron extending out from the base of
the escarpment.

Remote sensing analysis

Airborne multispectral imagery

Daedalus ATM imagery was acquired as part of an
airborne survey of the Broadway study site by the
NERC Airborne Remote Sensing Facility on 8 February
1997 at a flying height of 800 m (flight reference 97/2).
The imagery acquired consists of 11 bands (Table 4):
bands 1 to 5 image at specific wavelengths in the visible
part of the electromagnetic spectrum; bands 6 to 8 image
in the near-infrared; bands 9 and 10 image in the middle
infrared; and band 11 images in the emitted thermal
infrared. The ATM instrument has an instantaneous
field of view (IFOV) of 2.5 milliradians and for this
study the image data were resampled to a pixel size of
2 m.

Imagery was acquired during February to take
advantage of the low sun angle in order to enhance
subtle topographic features associated with the presence

of slope instability. Ground works for the new A44
Broadway bypass, which was about to commence at the
time of data acquisition, further constrained flight plan-
ning since image acquisition had to be made prior to the
start of site excavation if the area was to be imaged in an
undisturbed state.

Airborne remote sensing investigation of
landslide at Broadway

The initial stage of the image processing involved geo-
referencing ATM imagery to the UK National Grid
(UKNG) coordinate system using a series of GPS-
derived ground control points (GCP) distributed
throughout the image scene. A nearest neighbourhood
resampling algorithm was used in the rectification pro-
cess to preserve the inter-band relationships and the
original spectral data in the image (Richards 1999). The
subsequent image processing was undertaken using the
geocorrected image data, including the production of
colour composite images, thermal imaging, texture
analysis and the development of an automated method
of landslide mapping.

Colour composite images

Colour composite images take advantage of the multi-
band nature of remotely sensed data. The technique
allows three separate bands to be combined into one
single digital image for interpretation. The resulting
images require careful interpretation as non-visible
bands are often used, which result in an unusual colour
combination. Due to its simplicity, colour com-
posite image enhancement is a common interpretation

Table 3. Summary of the landslide sequence observed in the study area controlled by the presence or absence of the Marlstone Rock
Formation lithological bench midway up the escarpment slope.

Marlstone Rock Formation lithological bench

Geology Present Absent

Inferior Oolite Cambering at the edge of the Inferior Oolite plateau.
Whitby Mudstone Formation Large-scale rotational landslides forming flat and back-tilted benches.
Marlstone Rock Formation Accumulation of landslide material on the

lithological bench.
Landslide development on main escarpment
face or within small inter-spur valleys formed
between lithological benches.

Mudslide source zones form bowl-shaped
depressions and backscarps at the edge of
the lithological bench.

Dryham Formation Lobate mudslides emanate from lithological
bench above and accumulate at the base of
the Dryham Formation scarp slope.

Continuation of landsliding in form of
complex sequence of successive rotational and
translational landslides and mudslides.

Occasional large rotational landslides in
Dryham Formation (Colliers Knap).

Charmouth Mudstone Formation Accumulation of irregular and lobate
mudslides.

Large apron of irregular and lobate mudslide
deposits.
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technique, which has been widely applied as a method
for enhancing landslides in remotely sensed imagery
(Eyers et al. 1995; Hervas & Rosin 1996; Murphy &
Inkpen 1996; Ramli et al. 2003).

One of the simplest composite images to generate is
termed a true colour image, in which three visible bands
are combined to produce a single image, similar in
appearance to a colour aerial photograph. From this
starting point other image data can subsequently be
incorporated to gradually increase the complexity of the
composite image. Figure 4 illustrates the use of this type
of colour composite image for landslide mapping at

Broadway, here a true colour composite image has
been combined with a principal component image.
This colour composite image has proven particularly
helpful in interpreting the complex landslide sequence
observed in the Farncombe valley in the north of the
Broadway study area. Figure 4 contrasts a conventional
colour aerial photograph with the colour com-
posite image alongside the corresponding field-derived
geomorphological map of the area.

The colour composite image shown in Figure 4
consists of a combination of visible bands 4 as red,
band 3 as green and band 5 as blue, while a principal

Fig. 5. The Colliers Knap landslide. (a) Geomorphological map and (b) aerial photograph of the landslide. (Aerial photography
courtesy of NERC ARSF).
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component image has been added as a separate intensity
layer. Several morphological features are evident from
this image, in particular the presence of back-tilted slope
units associated with degraded rotated blocks, back-
scarps and benching, which have been interpreted as the
remains of a relict landslide system. The benches are
limited to the upper slopes of the valley (on the right of
the image) and are overlain by a series of lobes that
represent the toes of a series of mudslides, which them-
selves have resulted from the degradation of landslides
further upslope. The central transportation zone consists
of a complex sequence of mudslides and isolated
rotational landslides, which can clearly be identified
in the composite image. At the bottom of the valley,
the morphology of the lobate mudslide and zone of
accumulation are clearly evident from the composite
image, while the contact between the landslides and
ridge-and-furrow cultivated fields is also well defined.

Thermal remote sensing

The presence of a thermal band in the ATM data is a
significant advantage over other remote sensing plat-
forms. The channel can be used to map soil moisture
variation by exploiting the relationship between soil
moisture and apparent surface temperature (Pickerill &
Malthus 1998). In addition the band is also sensitive to
topography, as a result of variation in surface tempera-
ture resulting from the presence of shadows or areas of
solar warming. When the sun angle is low this allows the
detection of subtle topographic features, which are
especially important when identifying relict landslide
features. Thermal remote sensing has been particularly
useful in the detection and delineation of surface
features associated with cambering in the Inferior Oolite
at the top of the Broadway escarpment. Figure 2 shows
an aerial photograph and thermal image of this cam-
bered zone; the main gull system is visible in the centre
of the image, comprising a series of linear en-echelon
depressions. However, analysis of the thermal band

(ATM band 11) indicates the presence of a series of
subtle landforms in the fields to the east of the gulls,
which are not visible in the aerial photograph. While the
gulls represent the surface expression of a deep open
joint system, the subtle features identified in the thermal
imagery indicate a zone of subsidence and landsliding
associated with the movement of material into the voids
associated with the gulls. Consequently, thermal imag-
ing has indicated a much wider zone of cambering and
gull formation than previously thought.

Image texture

The texture of an image is determined by the overall
smoothness or roughness of an image scene, which in
turn is controlled by the frequency and distribution of
pixels within the image. Those images with high pixel
variation are termed rough, meaning the pixel values
change abruptly over a small distance in an image (e.g.
roads and field borders). Conversely, smooth images are
those where the pixel values vary gradually over a large
area, such as water bodies or large fields (Lillesand &
Kiefer 2000).

When identifying landslides within aerial photogra-
phy, image texture is one of the most important
interpretation elements; the irregular surface produced
by the landslide movement produces a characteristic
turbulent texture within the image, especially when
enhanced by shadow. These features, combined with
sharp boundaries associated with the scarps and toe,
provide useful evidence of landslides in aerial photogra-
phy (Avery & Berlin 1992; Clayton et al. 1982; Kennie &
Matthews 1985).

Several authors have extended this concept of image
texture to the detection of landslides in digital imagery
through the use of filters to enhance areas of image
roughness associated with landslide activity. Mason
et al. (1995, 1998) applied filters to ATM and Landsat
TM imagery to highlight the hummocky main body and
the accumulation toe of the landslide. Similarly, Eyers
et al. (1995) found that simple textural filters were
successful in revealing crown wall shape of the landslide,
the translated material and the nature of disturbed
ground associated with slope instability. In quantifying
image roughness, statistical measures can also be used,
from simple functions such as calculating the range,
variance or standard deviation of pixels in an image
scene through to more complex statistical methods such
as the grey level co-occurrence matrix (GLCM).

The results of the application of a GLCM entropy
filter applied to the original ATM scene are shown in
Figure 6. To assist with interpretation, the original
ATM image is shown in Figure 8. There are three main
areas of interest within the texture image. First, areas of
very low texture are associated with flat cultivated fields
and pasture at the top of the escarpment and in the Vale
of Evesham. These represent areas of stability, which

Table 4. Summary of the Daedalus Airborne Thematic Mapper
(ATM) sensor.

ATM band Wavelength (µm) Band name

1 0.42–0.45 Visible
2 0.45–0.52
3 0.52–0.60
4 0.60–0.62
5 0.63–0.69
6 0.69–0.75 Near infrared
7 0.76–0.90
8 0.91–1.05
9 1.55–1.75 Near-middle infrared
10 2.08–2.35 Middle infrared
11 8.50–13.00 Thermal infrared
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Fig. 6. ATM image inputs for the semi-automated landslide classification scheme. (a) Principal component analysis (PCA) image
used to enhance woodland areas in the image scene; (b) texture image generated from the original Airborne Thematic Mapper
(ATM) image using a grey level co-occurence entropy function. (ATM imagery courtesy of NERC ARSF).
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show no evidence of movement. Second, areas of maxi-
mum texture and image variation are associated with
dense woodland canopy and hedgerow systems. Finally,
areas of intermediate texture are associated with the
presence of slope instability on the escarpment slopes.
What is clear from this analysis is that by exploiting
image variation, texture enhancement is able to quickly
identify landslides within the imagery and differentiate
them from nearby stable slopes.

In this study, a range of textural filters has been tested
for their ability to enhance areas of landslide activity on
the escarpment slopes. The results of this analysis
showed that the GLCM statistical measure was the most
successful and it is the method that will be described in
this paper (Mather 2003; Lillesand & Kiefer 2000).

Image classification

Image classification is a procedure that is designed to
automatically separate all pixels within an image scene
into a series of user-defined classes (Mather 2003;
Richards 1999; Lillesand & Kiefer 2000). The process
requires that small training areas are identified in the
image, defined using ground data supplied by field
survey and aerial photographic interpretation. Using
this information, the classifier then attempts to assign
each unknown pixel to a particular class. The final
output of the classification process is a separate image in
which each pixel has been classified into one of the
user-defined classes. In this study, image classification

has been used to split the airborne multispectral image
into three zones or classes.

1. Landslide activity on the Cotswolds escarpment
slopes.

2. Trees, woodland canopy and hedgerow systems.
3. Stable slopes, which do not exhibit evidence of cur-

rent slope instability.

To achieve this, three types of training regions were
used to train the image classifier: landslides, woodland
and stable slopes (Table 5). The flow chart in Figure 7
illustrates the classification process. The inputs consisted
of the texture image and principal component image
shown in Figure 6. Texture allows the classifier to
differentiate between landslides and stable slopes, while
the principal component image is included to help the
classifier distinguish between landslides and woodland,
which exhibit a similar textural response. A supervised
classification was adopted using training regions defined
in Table 5 to produce three output classes: landslides,
woodland and stable slopes.

The results of the automated classification process are
shown in Figure 8. Areas of the ATM image classified as
landslides are shown as white pixels in the image, while
areas of woodland and stable slopes have been deliber-
ately excluded. The main input into the classification is
the texture image described previously; using these data
the image classification technique has been able to
identify areas of landslide activity, while differentiating
areas of stable ground and dense woodland and trees in
the image. The result is a landslide distribution map of
the Cotswolds escarpment around Broadway.

To derive a quantitative measure of the accuracy with
which the classification has identified landslides in the
image, the final classified image was compared to a
separate reference image generated from field survey and
aerial photographic interpretation. From this compari-
son a measure of the classification accuracy can be
calculated for each of the classes. In this case the
accuracy for landslide identification was 83%, for wood-
land areas 96% and for stable slopes 91% accurate. The
overall accuracy of the classification, taking all areas
into account, was 90%. These results indicate that
the classification is able to identify landslides with a
high degree of accuracy and importantly is able to
differentiate between landslides and stable ground.

Discussion

The spatial and spectral resolution of the ATM sensor
provides very detailed images of the Cotswolds escarp-
ment and the landslide features present. The generation
of colour composite images of the study area revealed
detailed geomorphological information about the land-
slides that cannot be obtained using standard aerial
photography. These images enabled the identification of

Fig. 7. Flow chart for the texture-principal component based
classification for landslide identification in airborne multi-
spectral imagery.
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Fig. 8. Landslide hazard map generated from semi-automated image classification of airborne imagery. (a) Original ATM image
scene of the study area shown as a greyscale image; (b) classified hazard map with areas of landslide activity highlighted as white
regions on the grescale ATM image. (ATM imagery courtesy of NERC ARSF).
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individual landslide features and differentiation of dif-
ferent landslide types. The presence of a thermal band
(ATM band 11) provided imagery able to detect subtle
topographic and moisture variations, revealing the
extent of the cambering above Broadway well beyond
the gulls seen in the aerial photography.

The utilization of image roughness has proven to be
the most powerful tool for the detection and mapping
of landslides in this area. The texture enhancements
respond to the presence of sharp landslide boundaries
and hummocky (irregular) topography associated with
surface disruption, so where a landslide is present, the
texture image response reflects the image variation that
results. The power of the technique lies in the ability to
differentiate between rough landslide areas and smooth
stable ground within the image. In this study, the
GLCM filter was used to quantify image texture. The
resulting image (Fig. 6) highlights areas of increased
image variation associated with woodland, hedgerows
and, more importantly, slopes that have been disturbed
by landslide activity. The GLCM image contains dark
areas of low texture associated with flat cultivated fields
at the bottom and top of the escarpment, while high-
lighting slopes on the escarpment face that lack evidence
of landslide activity. In terms of landslide mapping,
image texture is able to highlight areas of landslide
scarps, main hummocky landslide body, zones of shal-
low mudslide movement and mudslide accumulation
zones, as well as delineating landslide boundaries within
the imagery. This texture measure is also able to dis-
tinguish between stable slopes and slopes affected by
landslide movement, where the flow component of the
movement produces a distinctive image texture (Hervas
et al. 1996).

In the final texture image landslide activity and wood-
land canopy exhibit a similar textural response. This can
be explained by the irregular and random nature of the
tree canopy and the rough surface disruption associated
with landslide movement, which both produce a similar
textural response when analysed using a GLCM filter.
To solve this problem and distinguish between the two
classes, principal component analysis (PCA) was applied
to the original data to produce a separate image (Fig. 6),
which is able to enhance areas woodland within the
ATM imagery. This image is then included in the

classification to help differentiate between woodland and
landslides. The high classification accuracy for wood-
land (96%) indicates that this technique has been very
successful at identifying woodland areas in the ATM
data.

The core of the research has concentrated on the
development of an automated system for landslide map-
ping using image classification. The inputs include the
texture images and principal component data described
earlier. The result of this supervised classification are
shown in Figure 8; for clarity, areas classified as land-
slides have been extracted separately and overlain as
white areas onto a greyscale ATM scene of the area. The
output represents a landslide distribution map for the
area generated from spectral and spatial image data
derived from the airborne sensor. The technique requires
very little human intervention, only the provision of
training areas in the imagery (for landslides, woodland
and stable slopes). The classification results suggest
that on clay-dominated slopes, landslides and stable
slopes can be identified using texture as the main classi-
fication parameter and that woodland and landslide
areas can be differentiated successfully by the inclusion
of principal component image in the classification
process.

The classification was able to identify landslides with
an accuracy of 83%. While this is high classification
accuracy, there are some areas where landslide activity
has been confused with stable slopes and woodland in
the final hazard map. This includes areas incorrectly
identified as landslides at the top and bottom of the
escarpment, especially close to hedge boundaries and
urban areas where they appear as isolated pockets of
landslide pixels. In some areas the presence of ridge-and-
furrow cultivation remains have also confused the clas-
sifier and have been incorrectly identified as landslides in
the classified image. Despite this the shape and extent of
landslides on the escarpment are well defined in the final
classified map.

This research has exploited image texture as the main
method for detecting areas of image roughness caused
by surface disruption and landslide movement. This is
particularly important because landslides in temperate
environments do not have characteristic spectral signa-
tures (Sauchyn & Trench 1978; Huang & Chen 1991)

Table 5. Training regions used in the Broadway ATM supervised image classification.

Training region Description

Landslide Lobate mudslide Lobate mudslide landslide.
Shallow mudslide Shallow mudslide movements.
Complex landslide Complex translational landslide.
Landslide scarps Degraded landslides scarps.

Stable Stable bench Flat lithological bench with no evidence of slope instability.
Stable slope Stable south-facing slope without slope instability.

Woodland Dense woodland stands, wooded hedgerows and individual tree stands.
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since this requires that the displaced landslide material
have a different spectral response to the surrounding
undisturbed terrain (Eyers et al. 1998). In temperate
environments such as the UK, an extensive surface cover
of vegetation typically masks landslide features, there-
fore preventing them from being distinguished using
spectral data alone. However, as we have demonstrated,
inland landslides do possess a distinct textural signature
that differs from the surrounding undisturbed or stable
slopes, which can be used as a method of identification.
Hervas et al. (1996) similarly identified that landforms
associated with landslide activity produce distinctive
image textures when compared to surrounding stable
slopes. This process of landslide identification requires
that the textural signature be extracted from the original
remotely sensed image by applying a statistical function
(such as GLCM) to the image that enhances the spatial
content; the output texture image can then be used to
highlight areas of potential landslide activity.

Conclusions

This paper has demonstrated that the high spatial and
spectral resolution of the Airborne Thematic Mapper
sensor provide an excellent multispectral tool for the
detection and delineation of landslides on clay-
dominated slopes. The use of colour composite images
offers significant advantages over conventional aerial
photography in allowing non-visible data to be incor-
porated into the image, which in this case has provided
detailed information on the morphology of the land-
slides on the Cotswolds escarpment. The presence of a
high-resolution thermal band can be used to map subtle
topographic features and moisture variations across a
large area, providing important indications of the
ground conditions. The image can be used in isolation or
combined with other spectral bands (visible, near- or
mid-infrared) since it is acquired at the same resolution
as all the other ATM bands.

Using image texture alone it is possible to identify
areas of landslide activity; however, where it is combined
with an image classification it is possible to generate a
landslide hazard map using a semi-automated approach.
The method requires some user input to train the
classifier, but represents a rapid means of landslide
mapping. The nature of the landslides on clay-
dominated slopes mean that textural analysis of ATM
imagery represents the optimum method of automated
landslide detection, especially when combined with an
image classification approach. Clay-dominated slopes
are common in southern Britain, and the associated
slope instability can represent a significant problem in
engineering geology. The image processing techniques
described in this paper are all available as standard
components of modern remote sensing and image
processing software applications; combined with the

increasing availability of airborne and other high-
resolution imagery, they provide a powerful and under-
utilized tool that can be employed effectively by
engineering geomorphologists for landslide mapping in
clay-dominated temperate terrains.
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Abstract: This paper will present a series of case study examples of the use of terrestrial laser scanning
(LiDAR) techniques for urban landslide detection and delineation. LiDAR is fast becoming an increasingly
accessible technology, which has both the portability and accuracy required by the modern day engineering
geologist for urban geoscience studies. The level of accuracy in the derived digital terrain models and the
ability to overlay digital photography on the DTM enables subtle landslide and slope instability features to be
rapidly identified and for subsequent risk management strategies to be implemented.

Various examples will be presented for both rock and engineering soil dominated slopes which have a
significant potential impact in the urban environments in which they occur. The paper will detail the terrestrial
laser scanning technology and will discuss the use and appropriateness of these techniques.

Résumé: Cet article présentera une série d'exemples d'étude de cas pour de l'utilisation des techniques terrestres
de balayage de laser (LiDAR) la détection urbaine d'éboulement et la délinéation.  LiDAR est devenir rapide
une technologie de plus en plus accessible, qui a la portabilité et exactitude exigée par le géologue moderne de
technologie de jour pour des études urbaines de geoscience.  Le niveau de l'exactitude dans et les modèles
numériques dérivés de terrain la capacité de recouvrir la photographie numérique sur le DTM permet les
dispositifs subtiles d'instabilité d'éboulement et de pente à identifier rapidement et pour que les stratégies
suivantes de gestion des risques soient mises en application.  De divers exemples seront présentés pour la roche
et les pentes dominées par sol de technologie qui ont un impact potentiel significatif dans les environnements
urbains dans lesquels elles se produisent.  Le papier détaillera la technologie terrestre de balayage de laser et
discutera l'utilisation et convenance de ces techniques.

Keywords: landslides, remote sensing, discontinuities, rock description, slope stability, terrain analysis.

INTRODUCTION
Recent developments in the use of ground based laser-scanning systems for the study of terrain present landslide

researchers with a tool for the rapid acquisition of digital elevation data. Terrestrial laser scanning has been used to
study both coastal and inland landslides (Hobbs et al., 2002; Gibson et al., 2003; Rowlands et al., 2003, Rosser et al.,
2005) and rock slope stability (Mikos et al., 2005; Ruiz et al., 2004, Kemeny and Donovan, 2005). While other studies
have taken advantage of the survey repeatability for change detection and temporal studies of landslide movement
(Hsaio et al., 2004).

The laser scanning technology is based on traditional land surveying total stations. However, the laser scanner is an
automated system that is able to acquire a dense point cloud of data from surfaces at significant distances from the
scanner location. The scanner produces a representation of the world through the collection of x, y, z coordinates of
points measured by the laser. The technique is rapid and accurate; current scanners are able to collect up to 12,000
points per second with accuracies of 10mm allowing the terrain to be modelled in extreme detail. Terrestrial laser
systems generate terrain data using time-of-flight to determine the distance between the laser and a point on a
reflective surface while concurrently recording the relative direction and elevation angle of each measurement. The
point cloud data can be analysed using software provided for use with the scanning system. The software typically
includes measurement and interrogation tools that can be used to extract accurate quantitative information from the
laser scan survey data. The laser scan surveys and software applications provide engineering geologists with desktop
tools that allow detailed surface mapping and measurement along with rock mass characterisation.

This paper presents the application of terrestrial laser scanning to landslide mapping in two contrasting sites; firstly,
the inland slopes of the Cotswolds escarpment above the village of Broadway, Worcestershire; and secondly; the
coastal cliff section near Blackgang on the Isle of Wight, UK.

LASER SCANNING INLAND LANDSLIDE HAZARD MAPPING
The first part of the study focused on the application of laser scanning to the identification and delineation of inland

landslides. This study area was situated on the county border between Gloucestershire and Worcestershire in the
United Kingdom (Figure 1). The area lies between 80 m and 250m AOD on the west facing scarp slope of the
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Cotswold escarpment between the towns of Willersey, Broadway and Snowshill (Grid Reference SP107396 to
SP095338).  The chosen study area was located in the central valley above the village of Broadway, shown in Figure
1, centred on OS Grid Reference [411000 237500] between the A44 road and Farncombe House. The valley contains a
number of landslides on either side of river including shallow and lobate mudslides, rotational landslides and the
presence of ridge and furrow cultivation remains which have also been disrupted by landslide activity (Whitworth et
al., 2000; 2005).

The study area was imaged during February 2005 using a Reigl LMS-Z420i scanner operated by 3D Laser mapping
(3DLM), summarised in Table 1. The scanner is a tripod-mounted system with a range of up to 800 metres and a scan
rate of up to 12000 points per second. The scan head is able to rotate in a 360 degrees arc around the scanning location
with a rotating mirror, which is able to scan vertically up to an 80 degree angle, 40 degrees above and below the
horizontal plane.  A connected laptop collects recorded data on range, angles and signal amplitude for each returned
laser pulse via a network connection.

The scanning system also collects simultaneous photography from a digital camera, which is situated on top of the
scanner head (Figure 1). These can be used to generate colour ortho-photography when combined with the
topographic data during post-processing. The use of terrestrial scanners requires careful planning when dealing with
complex terrains.  Multiple scans are often required where the extent of the area exceeds the scanner’s range or where
trees or buildings obstruct the ground surface. The Broadway valley itself is 1000 metres long and 800 metres wide
and consisting predominantly of pastureland with isolated pockets of woodland and hedgerows. In order to provide
complete coverage, the area was imaged using seven scanning sites located at vantage points along the valley sides
(Figure 2).

Table 1. Summary of the properties of the Reigl laser scanner used in this study (Reigl, 2004).
LMS-Z420i

Vertical scan angle 80°

Horizontal scan angle 360°

Scan range Up to 800 m

Measurement accuracy 5 mm

Measurement resolution 5 mm

Measurement rate Up to 12000 pts/sec

Laser wavelength Near-infrared (0.9 µm)

Figure 1. Reigl LMS-Z420i scanner with top mounted digital camera.
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Figure 2. (a) Colour aerial photograph of the Broadway valley site indicating the location of each of the laser scan sites and the
nature and extent of the slope instability. (b) Slope angle map derived from the digital elevation model of the Broadway valley
generated using terrestrial laser scanning (resampled to 1 m grid spacing). In this image the steepest slopes appear white and are
associated with landslide scarps and boundaries, frontal lobes and the top of the woodland canopy and hedge boundaries.

(a)

(b)
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LASER SCANNING FOR ROCK SLOPE STABILITY ASSESSMENT
The second part of the project concentrated on an area of instability near Blackgang, on the Isle of Wight.  A map

showing the location of this area is shown in Figure 3c. An aerial photograph is shown in Figure 3a and the Upper
Greensand cliffs are shown in the photography in Figure 3b. Rock falls are one of the main hazards in this area, which
pose a risk not only to those using the footpaths, but also may potentially threaten the nearby theme park.

Figure 3. Study area map showing the (a) an aerial photography of the Gore Cliff and Blackgang area (b) Photographs of the Upper
Greensand cliffs taken from scan locations 1 and 2 and (c) Map showing the scan locations beneath Gore Cliff. Scans 1 and 2 were
taken 20 - 30m from the cliff face. The inset indicated the location of Blackgang on the Isle of Wight, UK.

Laser scan survey at Gore Cliff
A terrestrial laser scanning survey was undertaken around Blackgang during June 2005. A Riegl LMS Z420i was

used to scan the cliff faces in the vicinity of Blackgang shown in Figure 3c. Two scan base stations were chosen at
Blackgang in order map the Upper Greensand cliffs. The results of the scans of the Blackgang rock faces have been

Gore Cliff

Gore Cliff

(c)

(a) (b)

(b)
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used to construct visualisations of the rock mass within the RiScan Pro software that accompanies the scanner
hardware to determine block sizes of potential future rock falls, define cliff profiles and map discontinuities within the
Upper Greensand.

Block measurement
Interrogation of the laser scanning data allowed source zones for previous rock falls to be identified from the point

cloud of the cliff face and the type of failure could then be determined. In this case the predominant failure mechanism
was identified as wedge type failures leading to rock fall hazards. Following this, potential falling blocks were located
within the scan data through the visual inspection of the point cloud data with a true colour image draped over the top
of the surface. Once a block was identified, the volume of the potentially dangerous block was measured in RiScan
Pro by selecting the block and projecting it onto a series of planes that delineated the intersecting joints onto which the
block would fail. These planes were inferred from the orientation of the discontinuities within the cliff face and were
used to define the boundary of the block. These boundaries were then used by the software to determine the volume of
the block. Each potential rock fall block was visualised separately and can be seen in three dimensions (Figure 4). An
initial assessment can also be made from the cliff scan as to how the block may fail, for example if it is more likely to
slide from the face (planar or wedge) or topple out. The volumes of the blocks (shown in Figure 4) determined from
the laser scanning data are shown in Table 2.

Table 2. Block volume measurements for two potential rocks falls in either side of the Upper Greensand cliff at the Blackgang end
of the Gore Cliff.

Identified Block Calculated Volume
1 2.67 m3

2 109.68 m3

Rockfall hazard modelling
The data retrieved from the laser scans of the Upper Greensand have also been used to model another rock fall

hazard at Blackgang, from which rock fall hazards could be inferred for the rest of the Gore Cliff section. The
Rocscience Inc. RocFall software package was then used for this part of the modelling process. To create the
Blackgang slope profiles in RocFall, a profile of the slope was taken from RiScan Pro software and an accurate copy
of the slope was defined in RocFall. The model required standard values for Coefficient of Restitution for slope
material and for block mass properties, which was determined from the volume measurements made within RiScan
Pro with known rock densities. An example of the output from this rock fall simulation is provide in Figure 5 and
provides an indication of the rock fall hazard in the vicinity of the cliff.

Discontinuity assessment
The final stage of the analysis involved the extraction of discontinuity parameters from the laser scan survey data

within RisScan Pro. Initial analysis of the scan data involved a visual search for discontinuities and the construction of
their corresponding planes using RiScan Pro. Each plane was constructed using selected areas or lines from exposed
discontinuities within the rock mass. The dip and dip directions were recorded from each constructed plane. The dips
and dip direction, as measured directly from the 3-D images of the cliff faces, show similar orientations and dips to
those measured by Bromhead et al (1991). Figure 6 illustrates this three dimensional visualisation of the rock mass
discontinuity pattern.

DISCUSSIONS
The high density of data that can be collected in a comparatively short time, compared to that of more conventional

techniques, is one of the most useful aspects of ground based LIDAR scanning for landslides. For example a manual
discontinuity survey of a steep cliff may take more than a day, whereas a detailed laser scan of the same area would
take no more than two or three hours. Not only does the scan produce detailed three-dimensional digital data, it
prevents the need for manual surveys which are often time consuming and often very dangerous, especially on high
cliffs. The study by Mikos et al (2005), which involved using a hand-held scanner as an alternative to the bulky
LiDAR scanners, would not have had the capability to map the Blackgang cliff face in the same detail as in this study.
However the equipment is more difficult to transport and move (often requiring two people or more to carry the laser
and supporting ground station), and therein lies the main weakness of the technology. Having said this, it is possible to
transport the larger scanners over difficult terrain in land rovers or other all-terrain vehicles such as Quad bikes. Yet
another benefit is the variety of uses and analyses that can be performed on 3- D terrain data.  As for its use in
geology, and in particular for geohazard assessment, laser scanning not only produces a 3-D image of a landscape, it
also allows for distance and angle measurements (e.g. dips and dip direction and distances) to be taken directly from
the data after processing the information on a computer as has been demonstrated in this study.
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Figure 4. Block measurements of potential rock falls from the Upper Greensand cliffs of the Gore cliff area near Blackgang on the
Isle of Wight, UK.
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Figure 5. Results of rock fall simulations using RocFall for falling rocks from the face at scan locations 1 and 2. Scenario shows
blocks falling from scan location 1 onto undulating vegetated ground. The cliff profile and block size have been derived from the
laser scanning data.

Figure 6. Discontinuity estimation for bedding and major joint sets in the Upper Greensand outcrop at the Blackgang end of the
Gore Cliff using plane fitting functions with RiSCAN Pro software.
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Figure 7. Terrestrial laser scanning work flow for rock fall hazard assessment and rock mass characterisation applications.

CONCLUSIONS
Laser scanning provides a tool for the determination of a range of rock mass parameters that may not be possible

due to safety or access problems. The type of information includes discontinuity data such as persistence, dilation and
roughness; and estimates of the dip and dip direction of discontinuities in the rock face. Figure 7 details a typical
workflow for a rock mass characterisation and stability assessment. The laser scan represents a rapid means for
collecting accurate high-density surface model of a rock face and software (such as RiScan Pro) allows rock mass
characterisation measurements to be made using the point cloud data. The laser scan data generates an accurate
representation of the rock surface and allows interrogation of the surface using measurement tools and planes. Such
analyses can include block size measurement and cross section derivation for use in rock fall modelling applications.
Point cloud (x, y, z) can be resampled and exported to other standard gridding and contouring packages such as Surfer,
to GIS and image processing systems, for example Ermapper the software used to derive Figure 2. Discontinuity data
derived from the laser-scanned data can also be used for further numerical analysis using DIPS or other discontinuity
process software packages. The laser data significantly represents an accurate model of the rock mass at the time of
scanning and can therefore be used to generate dynamic time change models that can highlight the more active and
hazardous components of the cliffs and slopes being measured. Subsequent surveys can reveal movements through
time-series analysis of the laser scan epochs (subject to stable scanning base station conditions). The laser scan model
represents a time stamped image of the rock face and can provide the basis for planning appropriate remediation and
mitigation strategies, whereby the scan provides a detailed map of rock mass on which areas requiring attention can be
highlighted.
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Abstract: Engineering geologists now have at their disposal a wide variety of imaging techniques and
technologies available for rapid terrain evaluation and assessment. These techniques include the use of
remotely sensed data sets, traditional aerial photography, geophysical imaging, terrestrial laser scanning
(LiDAR) and derived digital terrain models (DTM). This paper will describe the use of these techniques for a
road corridor hazard assessment for a road by-pass scheme in the Jurassic strata of the Cotswolds, UK.

The proposed road route would pass through an extremely problematic terrain that was prone to landsliding
and general slope instability. Many active and relict slope features were present in the area including shallow
rotational slides to more deep-seated features within the strata. Solifluction features were also present with
many relict shear surfaces present. The reactivation or disturbance of these features would potentially have a
severe impact on both the proposed construction project and to the urban environment in the immediate
vicinity.

The paper will critically review the techniques used and will describe in detail the use of remotely sensed
Airborne Thematic Mapper scenes (ATM), aerial photography and the use or LiDAR data for the hazard
assessment.

Résumé: Les géologues de technologie ont maintenant à leur disposition une grande variété de techniques et de
technologies de formation image disponibles pour l'évaluation et l'évaluation rapides de terrain. Ces techniques
incluent l'utilisation des modem à distance sentis, de la photographie aérienne traditionnelle, de la formation
image géophysique, du balayage terrestre de laser (LiDAR) et des modèles numériques dérivés de terrain
(DTM). Cet article décrira l'utilisation de ces techniques pour une évaluation de risque de couloir de route pour
un arrangement de déviation de route dans les strates jurassiques du Cotswolds, R-U.

L'itinéraire proposé de route traverserait un terrain extrêmement problématique qui était enclin à l'instabilité
landsliding et générale de pente. Beaucoup de dispositifs actifs et de veuve de pente étaient présents dans le
secteur comprenant les glissières de rotation peu profondes à des dispositifs plus situés en profondeur dans les
strates. Les dispositifs de solifluction étaient également présents en présence de beaucoup de surfaces de
cisaillement de veuve. La réactivation ou la perturbation de ces dispositifs aurait potentiellement un impact
grave sur le projet de construction proposé et à l'environnement urbain à proximité immédiate.

Le papier passera en revue en critique les techniques utilisées et décrira en détail l'utilisation des scènes
aéroportées à distance senties de cartographe thématique (atmosphère), de la photographie aérienne et de
l'utilisation ou des données de LiDAR pour l'évaluation de risque.

Keywords: remote sensing, landslides, cambering, geological hazards, geomorphology, photogrammetry.

INTRODUCTION
Landslides directly affect the ground surface, which means that remote sensing techniques are well suited to their

study (Soeters & Van Westen, 1996). Conventional airborne remote sensing for landslide mapping typically involves
the stereoscopic interpretation of aerial photography, since their spatial resolution is most appropriate for landslide
investigations and the morphological characteristics of mass movements are often visible under stereo viewing
(Mantovani, Soeters & Van Westen, 1996). The advantage of airborne sensors for the acquisition of digital imagery
and elevation data is that the spatial resolution of the resulting imagery lies between that of aerial photography and
satellite imagery. While image acquisition requires detailed planning and is subject to weather conditions, the spectral
and spatial resolution of airborne imagery provide an improved data set for landslide identification when compared to
the SPOT and Landsat satellite systems (Eyers et al., 1998).  Two types of data have been utilised in this project,
firstly Airborne Thematic Mapper (ATM) imagery, which was acquired by the NERC Airborne Research and Survey
Facility (ARSF), providing imagery with a high spatial and spectral resolution, but also a thermal infrared band whose
spatial resolution is identical to the other spectral bands. This is in contrast to many satellite sensors, whose thermal
imaging capabilities are either absent or degraded when compared to their other spectral bands. Secondly, the ATM
imagery was supplemented with digital elevation data generated at a range of scales using a combination
commercially available NextMap digital data and higher resolution data generated using digital photogrammetry and
terrestrial laser scanning (LiDAR) techniques.
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STUDY AREA
The study area described in this paper is situated on the county border between Gloucestershire and Worcestershire

in the United Kingdom (Figure 1). The area lies between 80 m and 250m AOD on the west facing scarp slope of the
Cotswold escarpment between the towns of Willersey, Broadway and Snowshill (Grid Reference SP107396 to
SP095338).

The solid geology of the area is summarized in Table 1, comprising of a sequence of Lower Jurassic marine clays,
sands and limestones including the Charmouth Mudstone Formation, Dryham Formation, Marlstone Rock Formation
and Whitby Mudstone Formation (Barron, Sumbler & Morigi, 2002). These rocks are overlain by limestones of the
Middle Jurassic Inferior Oolite Group, which cap sequence in this area and form the plateau seen at the top of the
escarpment.

The landslides found on the escarpment at Broadway are consistent with those found on other parts of the
Cotswolds (Forster, 1992). The typical distribution of landslides on this type of Jurassic strata comprises the following
classification:

1.  Cambered strata in the Inferior Oolite which caps the upper part of the escarpment.
2.  Zone of large scale rotational landslides below the Inferior Oolite.
3.  Zone of successive shallow rotational landslides.
4.  Extensive shallow mudslides and translational landslides.

At Broadway, the landslide sequence involves cambering at the edge of the Cotswolds plateau, large rotational
slides on the upper slopes of the escarpment, which degrade down slope into shallow multiple rotational slides and
mudslides, which mantle the lower slopes of the escarpment. There is extensive instability within the Broadway area,
including lobate mudslides, shallow irregular mudslides, translational and rotational landslides.

Figure 1. Location of the study area around the town of Broadway.

Table 1. Typical descriptions of geological units and corresponding slope morphology observed on the Broadway escarpment
(adapted from Mott Macdonald, 1992).
Formation Description Surface Morphology
Birdlip Limestone
Formation

Oolitic and sandy ferruginous LIMESTONE Steep scarp face (260m OD) and
Cotswolds plateau. Cambering and
multiple rotational landslides.

Bridport Sand
Formation

Fine to medium grained SANDSTONE. Cambering and landsliding.

Whitby Mudstone
Formation

Dark grey CLAY with some OOLITIC LIMESTONE Gentle angle slopes with remains of
degraded rotational landslides.

Marlstone Rock
Formation

Strong brown closely jointed oolitic and fossiliferous
LIMESTONE.

Cap rock to mid slope lithological
bench (170 -180m OD).

Dryham Formation Moderately weak orange brown SANDSTONE and
SILTSTONE with subordinate bands of SILT and CLAY.

Steep scarp faces below the
lithological bench. Occasional large
rotational landslides (Colliers Knap).

Charmouth Mudstone
Formation

Dark grey CLAY with occasional bands of argillaceous
limestone. Grades at depth into weak mudstone.

Foot slopes and valley base. Mantled
by superficial deposits and solifluction
deposits.
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LANDSLIDE IMAGING USING AIRBORNE REMOTE SENSING

Airborne multi-spectral imagery
Daedalus Airborne Thematic Mapper (ATM) imagery was acquired as part of an airborne survey of the Broadway

study site by the NERC Airborne Remote Sensing Facility on the 8th February 1997 at a flying height of 800 metres
(Flight reference 97/2). The imagery acquired consists of 11 bands (Table 2); bands 1 to 5 image at specific
wavelengths in the visible part of the electromagnetic spectrum; bands 6 to 8 image in the near infrared; 9 and 10 in
the middle infrared and band 11 images in the emitted thermal infrared. The ATM instrument has an instantaneous
field of view (IFOV) of 2.5 milliradians and for this study the image data was re-sampled to a pixel size of 2 metres.

Imagery was acquired during February to take advantage of the low sun angle in order to enhance subtle
topographic features associated with the presence of slope instability. Ground works for the new A44 Broadway
bypass, which was about to commence at the time of data acquisition, further constrained flight planning since image
acquisition had to be made prior to the start of site excavation if the area was to be imaged in an undisturbed state.

Table 2. Summary of the Daedalus Airborne Thematic Mapper (ATM) sensor.
ATM Band Wavelength (µµm) Band Name
1 0.42 – 0.45
2 0.45 – 0.52
3 0.52 – 0.60
4 0.60 – 0.62
5 0.63 – 0.69

Visible

6 0.69 – 0.75
7 0.76 – 0.90
8 0.91 – 1.05

Near Infrared

9 1.55 – 1.75 Near–Middle Infrared
10 2.08 – 2.35 Middle Infrared
11 8.50 – 13.00 Thermal Infrared

Advanced colour composite images
Colour composite images take advantage of the multi-band nature of remotely sensed data. The technique allows

three separate bands to be combined into one single digital image for interpretation. The resulting images require
careful interpretation as non-visible bands are often used, which result an unusual colour combination. Due to its
simplicity, colour composite image enhancement is a common interpretation technique, which has been widely
applied as a method for enhancing landslides in remotely sensed imagery (Hervas and Rosin, 1996).

One of the simplest composite images to generate is a termed a true colour image in which three visible bands are
combined to produce a single image, similar in appearance to a colour aerial photograph. From this starting point
other image data can subsequently be incorporated to gradually increase the complexity of the composite image.
Figure 2b illustrates the use of this type of colour composite image for landslide mapping at Broadway, here a true
colour composite image has been combined with a principal component image. This colour composite image has
proven particularly helpful in interpreting the complex landslide sequence observed in the Broadway study area.
Figure 2 contrasts a conventional colour aerial photograph with the colour composite image alongside the
corresponding field derived geomorphological map of the area.

The colour composite image shown in Figure 2 consists of a combination of visible bands 4 as red, band 3 as green
and band 5 as blue, while a principal component image has been added as a separate intensity layer.  Several
morphological features are evident from this image, in particular the presence of back tilted slope units associated
with degraded rotated blocks, backscarps and benching, which have been interpreted as the remains of a relict
landslide system. The benches are limited to the upper slopes of the valley (on the right of the image) and are overlain
by a series of lobes that represent the toes of a series of mudslides, which themselves have resulted from the
degradation of landslides further upslope. The central transportation zone consists of a complex sequence of
earthflows and isolated rotational landslides, which can clearly be identified in the composite image. At the bottom of
the valley, the morphology of the lobate earthflows and zone of accumulation are clearly evident from the composite
image, while the contact between the landslides and ridge and furrow cultivated fields is also well defined.

Image textural analysis
The texture of an image is determined by the overall smoothness or roughness of an image scene, which in turn is

controlled by the frequency and distribution of pixels within the image. Those images with high pixel variation are
termed rough, meaning the pixel values change abruptly over a small distance in an image (e.g. roads and field
borders). Conversely, smooth images are those where the pixel values vary gradually over a large area, such as water
bodies or large fields. When identifying landslides within aerial photography, image texture is one of the most
important interpretation elements; the irregular surface produced by the landslide movement produces a characteristic
turbulent texture within the image, especially when enhanced by shadow. These features, combined with sharp
boundaries associated with the scarps and toe, provide useful evidence of landslides in aerial photography (Clayton,
Simons & Matthews, 1982).



IAEG2006 Paper number 245

4

Several authors have extended this concept of image texture to the detection of landslides in digital imagery
through the use of filters to enhance areas of image roughness associated with landslide activity. Mason, Rosenbaum
& Moore (1998) applied filters to Airborne Thematic Mapper (ATM) and Landsat TM imagery to highlight the
hummocky main body and the accumulation toe of the landslide. Similarly, Eyers et al. (1998) found that simple
textural filters were successful in revealing crown wall shape of the landslide, the translated material and the nature of
disturbed ground associated with slope instability. In quantifying image roughness, statistical measures can also be
used, from simple functions such as calculating the range, variance or standard deviation of pixels in an image scene
through to more complex statistical methods such as the grey level co-occurrence matrix (GLCM). The results of the
application of a GLCM entropy filter applied to the original ATM scene are show in Figure 3b.
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Figure 2. Landslide morphological mapping of the Farncombe Valley using ATM colour composite and principal component
analysis. (a) NERC colour aerial photograph of the area, (b) RGB colour composite produced by a combination of a true colour
composite of ATM bands 4-3-5 combined with an intensity layer and (c) corresponding geomorphological map of the Farncombe
Valley showing the location of benches, lobes and rotated blocks (rb)
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Figure 3. (a) True colour composite Airborne Thematic Mapper (ATM) image of the Broadway ATM flight line (bands 4-3-5) (b)
Grey Level Co-occurrence texture image generated from the original Airborne Thematic Mapper (ATM) image using grey level co-
occurence matrix (GLCM) entropy function and (c) map showing the location of the areas of landslide activity (ls) and woodland
(wd) on the Cotswolds escarpment.

To assist with interpretation, the original image scene is also shown alongside. There are three main areas of
interest within the texture image. Firstly, areas of very low texture associated with flat cultivated fields and pasture at
the top of the escarpment and in the Vale of Evesham. These represent areas of stability, which show no evidence of
movement. Secondly, areas of maximum texture and image variation associated with dense woodland canopy and
hedgerow systems; and finally areas of intermediate texture associated with the presence of slope instability on the
escarpment slopes.  What is clear from this analysis is that by exploiting image variation, texture enhancement is able
to quickly identify landslides within the imagery and differentiate them from nearby stable slopes.

In this study, a range of textural filters were tested for their ability to enhance areas of landslide activity on the
escarpment slopes. The results indicated that the GLCM statistical measure was the most successful at differentiating
the landslides in the image.

IMAGING OF CAMBERING USING REMOTE SENSING DATA
The alternating nature of strata of the Cotswolds in which competent limestones overly relative incompetent weak

clays beneath, provide almost ideal conditions for the development of cambering and valley bulging. It is best
developed where the Inferior Oolite is displaced over the Whitby Mudstone Formation (Upper Lias clay) beneath. The

wd

ls



IAEG2006 Paper number 245

7

Inferior Oolite limestone that caps the Cotswolds escarpment above the Broadway is known to be cambered; the
British Geological Survey 1:10,000 geological map (SP13NW) identifies a zone of cambering in the Inferior Oolite on
the top of the escarpment to the south-east of Broadway. The cambering in this area has produced a series of large
elongate troughs that lie parallel to the escarpment edge running approximately north south, which have developed as
a result of the cambering of the Inferior Oolite over the Whitby Mudstone Formation (formerly the Upper Lias Clay)
beneath. Barron et al. (2002) have described up to five gulls in the vicinity of Broadway Tower up to 1.2 kilometres in
length, which have formed where a much greater thickness of Inferior Oolite is present. Field mapping and airphoto
interpretation indicates that this large gull system marks the boundary between the stable limestone plateau to the east
and a cambered slope on the escarpment edge to the west. The cambered zone to the west of these gulls dip westward
toward the Broadway valley; while the slopes east of the gulls have variable dip toward the east (Figure 4).

Airborne multispectral imagery
Thermal remote sensing has also been used to investigate the landforms associated with cambering at the top of the

escarpment at Broadway. The thermal imaging capabilities of the Airborne Thematic Mapper (ATM) sensor all the
delineation of surface features associated with cambering in the Inferior Oolite at the top of the Broadway escarpment.
Figure 4 shows the thermal image of this cambered zone derived from ATM band 11; the main gull system is visible
in the centre of the image, comprising a series of linear en-echelon depressions. In addition, the thermal band provides
evidence of the presence of a series of subtle surface landforms in the fields to the east of the gulls, which are not
visible in the corresponding aerial photograph. While the gulls represent the surface expression of a deep joint system,
the morphology of these subtle image features present in the thermal image indicate a zone of potential landslides
associated with the movement of material into the voids associated with the gulls. The evidence derived from the
thermal imagery indicates a zone of relict landslide activity on the slopes that flank the deep gull system not
previously identified in aerial photography or during field mapping; this in turn indicates a much wider zone of
cambering and gull formation than previously thought in this area.

Figure 4. Thermal image analysis of the cambered slope at the top of the escarpment in the vicinity of Broadway Tower. (a)
Thermal infrared ATM band 11 and (b) map showing the main cambered gulls system beside Broadway Tower and location of
subtle features visible in the thermal imagery.

Digital elevation data
NextMap digital elevation model (DEM) data was acquired at a 5 metre pixel resolution in order to provide

topographic information for the entire escarpment above the village of Broadway. The morphology of the Cotswolds
escarpment between Willersey and Broadway is clearly evident in the sun-shaded image in Figure 5a generated from
the NextMap DEM data. The image highlights the areas of the Inferior Oolite plateau at the top of the escarpment, the
main escarpment slopes and the flat lying Vale of Evesham. The slope angle map derived from the NextMap elevation
model (Figure 5b) highlights a series of linear slope angle changes at the edge of the Inferior Oolite plateau. This is
illustrated in Figure 5b and the inset 5c in the vicinity of Broadway Tower (Figure 5d). These alternating slope
changes indicate the presence of a series of linear troughs that coincide with the known area of cambering near
Broadway Tower (Whitworth, Giles & Murphy, 2005; Barron et al., 2002). Their pattern and orientation match the
known gulls system present in this locality (Figure 5e). Using this topographic signature, it has also been possible to
identify two further areas of cambering nearby; both sites are identified in Figure 5b.
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Figure 5. Mapping surface expression of cambering using NextMap digital elevation data (a) sun shaded surface map of the area of
the Broadway study area; (b) pseudocolour slope angle map with inset shown (c) inset slope map showing the cambered slope in
the vicinity of Broadway Tower (d) black and white aerial photograph of the area and (e) map indicating the location of main
cambered gulls and linear surface depressions seen in the slope map. The arrows indicate the locations of other slopes which show
topographic signatures indicative of cambering.

TERRESTRIAL LASER SCANNING FOR INLAND LANDSLIDE MAPPING
Recent developments in the use of ground based laser-scanning systems for the study of terrain present landslide

researchers with a tool for the rapid acquisition of digital elevation data. Terrestrial laser scanning has been used to
study both coastal and inland landslides (Hobbs et al., 2002; Gibson et al., 2003; Rowlands, Jone & Whitworth, 2003)
and rock slope stability (Mikos, Vidmar & Brilly, 2005; Ruiz et al., 2004). While other studies have taken advantage
of the survey repeatability for change detection and temporal studies of landslide movement (Hsaio et al., 2004).

The scanning technology is based on that used in traditional total stations, however, the laser scanner is an
automated system that is able to acquire a dense point cloud of data from surfaces at significant distances from the
scanner location. The scanner produces a representation of the world through the collection of x, y, z coordinates of
points measured by the laser. The technique is rapid and accurate; current scanners are able to collect up to 12,000



IAEG2006 Paper number 245

9

points per second with accuracies of 10mm allowing the terrain to be modelled accurately. Terrestrial laser systems
generate terrain data using time-of-flight to determine the distance between the laser and a point on a reflective
surface while concurrently recording the relative direction and elevation angle of each measurement.

A Reigl Z420i laser scanner was tested at Broadway in order to evaluate the ability of the scanner to collect terrain
data on inland landslides.  The chosen study area was located in the central valley above the village of Broadway,
shown in Figure 6, centred on OS Grid Reference [411000 237500] between the A44 road and Farncombe House. The
valley contains a number of landslides on either side of river including shallow and lobate mudslides, rotational
landslides and the presence of ridge and furrow cultivation remains which have been disrupted by landslide activity
(Whitworth et al., 2000).

Figure 6. (a) Colour aerial photograph of the Broadway valley site indicating the location of each of the laser scan sites and the
nature and extent of the slope instability. (b) Slope angle map derived from the digital elevation model of the Broadway valley
generated using terrestrial laser scanning (resampled to 1 m grid spacing). In this image the steepest slopes appear white and are
associated with landslide scarps and boundaries, frontal lobes and the top of the woodland canopy and hedge boundaries. The linear
ridge and furrow features are also clearly visible in the slope map.

(a)

(b)



IAEG2006 Paper number 245

10

The study area was imaged during February 2005 using a Reigl LMS-Z420i scanner operated by 3D Laser
mapping (3DLM), which is summarised in Table 3. The scanner is a tripod-mounted system with a range of up to 800
metres and a scan rate of up to 12000 points per second. The scan head is able to rotate in a 360 degrees arc around
the scanning location with a rotating mirror, which is able to scan vertically up to an 80 degree angle, 40 degrees
above and below the horizontal plane.  A connected laptop collects recorded data on range, angles and signal
amplitude for each returned laser pulse via a network connection. The scanning system also collects simultaneous
photography from a digital camera, which is situated on top of the scanner head. These can be used to generate ortho-
photography when combined with the topographic data during post-processing.

Table 3. Summary of the properties of the Reigl laser scanner used in this study (Manufacturer’s Data).
Reigl LMS-Z420i

Vertical scan angle 80°
Horizontal scan angle 360°
Scan range Up to 800 m
Measurement accuracy 5 mm
Measurement resolution 5 mm
Measurement rate Up to 12000 pts/sec
Laser wavelength Near-infrared (0.9 µm)

The use of terrestrial scanners requires careful planning when dealing with complex terrains.  Multiple scans are
often required where the extent of the area exceeds the scanner’s range or where the ground surface is obstructed by
trees or buildings. The Broadway study area itself was 1000 metres long and 800 metres wide and consisting
predominantly of pastureland with isolated pockets of woodland and hedgerows. In order to provide complete
coverage, the area was imaged using seven scanning sites located at vantage points along the valley sides (Figure 6a).

Once all the scans were combined, the elevation data was exported to an image processing application for
visualisation. The resulting slope angle map is shown in Figure 6b and as with the previous slope maps the landslides
are clearly visible in the resulting image, including zones of rotational failures indicated by flat low angle benches
alongside steep, often arcuate backscarps, shallow landslide activity and mudslides. The lobate mudslide on the slopes
below Farncombe House is clearly visible along with a detailed image of the internal morphology of the landslide,
which is enhanced by the slope angle map. On the opposite side of the valley, an area of disturbed ridge and furrow is
present which has been disrupted by shallow landslide activity; upslope of this area the field contains extensive
instability including rotational landslides, mudslides and debris flows. In this area, a sequence of successive rotational
landslides is evidenced by the repeated slope changes that reflect the backscarps of these individual failures.  The
upper slopes below the main Inferior Oolite scarp face consist of a series of benches reflecting landslide activity
towards the top of the Whitby Mudstone Formation. These have been overprinted by more recent mudslide activity
and the slope angle map highlights the frontal lobes of these landslides.  At the top of the slope, the remains of a large
rotated block identified during field mapping can be identified in the image.

DISCUSSION
The spatial and spectral resolution of the ATM sensor provides very detailed images of the Cotswold escarpment

and the landslide features present. The generation of colour composite images of the study area revealed detailed
geomorphological information about the landslides not possible using standard aerial photography. These images
enabled the identification of individual landslide features and differentiation of different landslide types. The presence
of a thermal band (ATM band 11) provided imagery able to detect subtle topographic and moisture variations,
revealing the extent of the cambering above Broadway well beyond the gulls seen in the aerial photography.

The utilization of image roughness has proven to be the most powerful tool for the detection and mapping of
landslides in this area. The texture enhancements respond to the presence of sharp landslide boundaries and
hummocky (irregular) topography associated with surface disruption, so where a landslide is present, the texture
image response reflects the image variation that results. The power of the technique lies in the ability to differentiate
between rough landslide areas and smooth stable ground within the image.  In this study, the GLCM filter was used to
quantify image texture. The resulting image (Figure 3b) highlights areas of increased image variation associated with
woodland, hedgerows and more importantly, slopes that have been disturbed by landslide activity. The GLCM image
contains dark areas of low texture associated with flat cultivated fields at the bottom and top of the escarpment, while
highlighting slopes on the escarpment face that lack evidence of landslide activity. In terms of landslide mapping,
image texture is able to highlight areas of landslide scarps, main hummocky landslide body, zones of shallow
mudslide movement and mudslide accumulation zones, as well as delineating landslide boundaries within the
imagery. This texture measure is also able to distinguish between stable slopes and slopes affected by landslide
movement, where the flow component of the movement produces a distinctive image texture (Hervas et al., 1996).

The survey undertaken at Broadway has demonstrated the application of terrestrial laser scanning to terrain
evaluation in inland areas. In particular, the technique represents a rapid method for generating high-resolution
topographic data at a scale, which allows clear delineation of landforms associated with slope instability. Initially, sun
shaded surface models were used to visually identify the presence of landslides within the digital elevation models as
these have been shown to be effective products for landslide mapping (Van Den Eeckhaut et al., 2005), however,
these were supplemented using grey scale slope angle maps, which were found to more effective for landslide
delineation in the digital topographic data. Slope angle was found to enhance the presence of steep slopes associated
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with the arcuate landslide scarps and accumulation lobes, while flat slope units associated with the remains of back
tilted blocks could also be delineated in the slope angle map.

CONCLUSIONS
This paper has shown that the high spatial and spectral resolution of the Airborne Thematic Mapper sensor provide

an excellent multi-spectral tool for the detection and delineation of landslides and cambering associated with clay
dominated slopes. The use of colour composites images offers significant advantages over conventional aerial
photography in allowing non-visible data to be incorporated into the image, which in this case has provided detailed
information on the morphology of the landslides on the Cotswolds escarpment. The presence of a high-resolution
thermal band can be used to map subtle topographic features and moisture variations across a large area, providing
important indications of the ground conditions. The image can be used in isolation or combined with other spectral
bands (visible, near or mid-infrared) since it is acquired at the same resolution as all the other ATM bands.

The nature of the landslides on clay dominated slopes mean that textural analysis of ATM imagery represents the
optimum method of automated landslide detection. Clay dominated slopes are common in southern United Kingdom
and the associated slope instability can represent a significant problem in engineering geology. The image processing
techniques described in this paper are all available as standard components of modern remote sensing and image
processing software applications. The increasing availability of airborne and other high-resolution imagery combined
with high accuracy digital topographic data derived from terrestrial laser scanning provides a powerful and under-
utilized tool that can be employed effectively by engineering geomorphologists for landslide mapping in clay
dominated temperate terrains.
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Abstract: The University of Portsmouth, UK, has offered applied geoscience degree courses for nearly 40
years. These programmes started initially with degrees in Engineering Geology and Geotechnics which were
complemented by an Applied Environmental Geoscience programme and, more recently, with BSc (Hons)
Geological Hazards, together with an applied postgraduate Masters portfolio. During this period the focus of
these applied courses has changed drastically. In the very early years the taught component included many
aspects of the mining industry, primarily focusing on coal and progressing on to deep mining in Africa, with
both industries being the key exit point for many of the graduates. As these mining industries waned or
recruited more local graduates consulting and contracting civil engineering became the more dominant
employer with careers in ground engineering and construction reflecting the new nature of the taught
programmes.

Latterly, the nature of the courses has again changed to reflect the changing nature of the industry and
employment needs, driven mainly by the urban regeneration agendas and the increasing importance of the
understanding of risk and hazard. Employment now for graduates is very much in the brownfield site /
contaminated land sectors of the industry within the urban environment.

This paper will review the education and training of engineering geologists at Portsmouth and will describe
the more recent aspects of these programmes as they relate to the urban geosciences. The paper will outline the
course units in contaminated land, its assessment, investigation and reclamation, together with the more risk-
based approach adopted in modern geotechnical practice.

Résumé: L'université de Portsmouth, UK, a offert des cours appliqués de degré de geoscience pendant presque
40 années.  Ces programmes ont commencé au commencement par les degrés dans la géologie et le
Geotechnics de technologie qui ont été complétés par un programme environnemental appliqué de Geoscience
et, plus récemment, avec des risques géologiques de BSC (Hons), ainsi qu'une brochure universitaire supérieure
appliquée de maîtres.  Pendant cette période le centre de ces cours appliqués a changé rigoureusement.  En
années très premières le composant enseigné a inclus beaucoup d'aspects de l'industrie minière, se concentrant
principalement sur le charbon et progressant dessus à l'exploitation en grande profondeur en Afrique, avec les
deux industries étant le point principal de sortie pour plusieurs des diplômés.  Pendant que ces industries
minières s'affaiblissaient ou recrutaient des diplômés plus locaux la consultation et contracter du génie civil
sont allés bien à l'employeur plus dominant avec des carrières dans la technologie au sol et la construction
reflétant la nouvelle nature des programmes enseignés.  Récemment, la nature des cours a encore changé pour
refléter la nature changeante des besoins d'industrie et d'emploi, conduite principalement par les ordres du jour
urbains de régénération et l'importance croissante de la compréhension du risque et du risque.  L'emploi
maintenant pour des diplômés est infiniment dans l'emplacement de brownfield/secteurs souillés de terre de
l'industrie dans l'environnement urbain.  Cet article passera en revue l'éducation et la formation des géologues
de technologie à Portsmouth et décrira les aspects plus récents de ces programmes comme ils se relient aux
geosciences urbains.  Le papier décrira les unités de cours dans la terre souillée, son évaluation, la recherche et
la récupération, ainsi que l'approche risque-basée adoptée dans la pratique géotechnique moderne.

Keywords: Education and Training, Engineering Geology, Geological Hazards, Geotechnical Engineering,
Urban Geosciences.

INTRODUCTION
The University of Portsmouth, UK, has offered applied geoscience degree courses for nearly 40 years. These

programmes started initially with degrees in Engineering Geology and Geotechnics which were complemented by an
Applied Environmental Geoscience programme and, more recently, with BSc (Hons) Geological Hazards, together
with an applied postgraduate Masters portfolio. During this period the focus of these applied courses has changed
drastically. In the very early years the taught component included many aspects of the mining industry, primarily
focusing on coal and progressing on to deep mining in Africa, with both industries being the key exit point for many
of the graduates. As these mining industries waned or recruited more local graduates consulting and contracting civil
engineering became the more dominant employer with careers in ground engineering and construction reflecting the
new nature of the taught programmes.

Latterly, the nature of the courses has again changed to reflect the changing nature of the industry and employment
needs, driven mainly by the urban regeneration agendas and the increasing importance of the understanding of risk
and hazard. Employment now for graduates is very much in the brownfield site / contaminated land sectors of the
industry within the urban environment.
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The courses cover areas including ground investigation, site characterisation, contaminated land, the geotechnical
aspects of civil engineering and environmental science, tunnelling and underground excavation and the minerals
extractive industries. Topics such as site and ground investigation, soil and rock mechanics, landslides and slope
stability assessment, hydrogeology (the role of water in geological processes) and geological hazards form a core
component of the curriculum.

Students enrolling on these applied programmes come from varied backgrounds, often from science-based A
levels, but not always so. Many succeed on this and other degree programmes through starting with a science or
engineering-based foundation course.

Fieldwork is a strong feature of the degrees with a number of residential courses both in the UK and overseas,
where students gain hands-on experience of a variety of applied geological techniques and geological terrains.

Graduates from the course have found themselves involved in work as diverse as major site investigations for
international projects, undertaking geohazard appraisals of old mine workings, coastal engineering works, flood
alleviation, dam site investigation, tunnelling and slope stability assessments. Some have acted as expert witnesses in
support of legal proceedings arising from claims for unforeseen ground conditions. With nearly 40 years of experience
under its belt, this course has developed an enviable international reputation and graduates are employed world-wide,
with many now occupying senior positions within the industry.

These courses are fully accredited by the Geological Society, the UK national learned and professional body for the
Geosciences. This enables graduates to achieve Chartered Geologist status after a period of work experience.

APPLIED GEOSCIENCE PROGRAMME COURSE PORTFOLIO
A total of five specific degree pathways are currently offered within the Applied Geoscience course portfolio:

• BEng (Hons) Engineering Geology and Geotechnics
• BSc (Hons) Geological Hazards
• MSc Ground Investigation and Assessment
• MSc Contaminated Land
• MSc Geohazard Assessment

Sadly the third undergraduate pathway, BSc (Hons) Applied Environmental Geoscience, was closed this year due
to lack of undergraduate interest despite a continuing strong demand from industry for graduates from this course.

UNDERGRADUATE CURRICULUM AND COURSE STRUCTURE
The courses are structured to develop transferable skills such as meeting deadlines, organising and prioritising

work, self-reliance, team skills, self motivation, report writing, numeracy, IT literacy and communications skills.
Teaching is via traditional lectures in both large and small groups as well as self-learning. Tutorials, seminars and
laboratory-based practical sessions cover the more practical aspects of disciplines. The courses are delivered via a
modularized credit-rated unit system taught over two twelve teaching week semesters. Each year of undergraduate
study comprises of 120 credits broken down into a variety of 10 and 20 credit units with a 30 credit project in Level 3.
Each 10 credit of study nominally represents 100 hours of study of which 30 hours involve direct student contact.

Wherever possible, problem-solving experience is gained by working on real data from schemes such as the Jubilee
Line Extension or from sites visited as part of the fieldwork programme for mapping and data collection purposes.
Report writing and the art of making presentations to peers are incorporated into the assessment of some units, and an
active Industrial Advisory group contributes speakers, projects and ideas.

The fieldwork programme is a major element of the degree and comprises some 75 to 80 days of mostly residential
visits spread over the three years of the programmes. During the first two years this work has a strong techniques
emphasis and aims to provide the observational, recording, synthesising and problem-solving skills required of a
modern engineering geologist. Areas such as the Isle of Wight, Dorset, Kent, Spain and France (including Normandy,
Provence, the Massif Central and the French Alps) are currently visited.

The final year project dissertation involves a period of independent field study and many students use this as an
opportunity to be adventurous and travel abroad. Students have arranged projects in locations as diverse as Florida,
France, Canada, Australia, Hong Kong and Taiwan, with a group recently returning from the Cascades Volcanic range
in the USA.

The course culminates in a study tour of engineering geology-related sites, which aims to integrate the various
strands of the course and provide an insight into current industrial practice. The current tour is scheduled to include
the Central Alps, Provence and the Massif Central regions of France.

Year 1
A firm grounding in geology is provided by units that cover the principles of geology, rock forming minerals,

igneous, metamorphic and sedimentary rocks, structural geology, geomorphology and terrain studies. Observation and
practical skills are given a strong emphasis in both laboratory and field studies throughout the first year. Students are
also given practical training and experience in geological mapping techniques prior to the start of the second year.
Currently this involves a two-week field trip to an area just outside of Madrid in Spain.

The current syllabus for Level 1 Engineering Geology and Geotechnics is outlined below:
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• Planet Earth
• Geoscience Toolbox
• Sedimentology
• Igneous and Metamorphic Petrology
• Quantitative Methods
• Geomaterial Science
• Terrain Studies
• Geological Data Analysis
• Geological Hazards and Engineering Geology

Year 2
In the second year geological studies become increasingly applied. Engineering applications of structural geology,

petrology, sedimentary processes, more applied geomorphology and stratigraphy, and the effects of climate are
developed. Two units examine the engineering properties and behaviour of rocks and soils, whilst site investigation
techniques such as geophysics and drilling methods are also introduced. Computer applications in engineering
geology and the study of hydrogeology complete a very practical year, complimented by an extensive, hands-on,
residential fieldwork programme.

The current syllabus for Level 2 Engineering Geology and Geotechnics is outlined below:

• Geotechnics
• Rock Mechanics
• Ground Investigation Methods
• Engineering Stratigraphy
• Hydrology and Hydrogeology
• Geotextiles and Ground Improvement
• Structural and Lithological Analysis
• Flood Hazard Analysis and Assessment
• Professional Skills for Applied Geoscientists

Year 3
In the final year studies are devoted entirely to engineering geology with advanced coverage of soil and rock

engineering, ground investigation, contaminated land, risk assessment and analysis, landslides and slope stability,
remote sensing and GIS. Practical experience is provided through a variety of real engineering geology problems, site
visits and an independent project dissertation. The course concludes with the two week study tour of sites of
engineering geological and geohazard interest in France.

The current syllabus for Level 3 Engineering Geology and Geotechnics is outlined below:

• Applications in Rock Engineering
• Applications in Soil and Foundation Engineering
• Landslides and Slope Stability
• Contaminated Land
• Risk Analysis and Assessment
• Remote Sensing and GIS
• Engineering Geology Study Tour
• Engineering Geology Project

FIELDWORK PROGRAMME
The fieldwork programme is a major element of the degree courses and comprises some 75 to 80 days spread over

the three years of the undergraduate degrees. The emphasis in the first two years is strongly towards providing the
observational, recording, synthesising and problem-solving skills required of a modern applied geologist. Areas such
as the Isle of Wight, Dorset, SW England, the Malvern and Cotswold Hills, Kent, North Norfolk in the UK along with
Normandy in France and a mapping area just outside of Madrid in Spain are currently visited.

Level 1 Introductory Geology Fieldwork
The first year programme is based around a series of introductory field courses that introduce the students to the

basic field principles of observation & description. Students develop their interpretive skills in the field with a variety
of 1 day trips.
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Figure 1.  Students on a Level 1 introductory geology field course on the Isle of Wight.

Level 2 Techniques-Based Fieldwork
In the second year the fieldwork becomes much more 'technique' based with the students being taught a variety of

applied geological field skills that would be required by a practising engineering geologist. Table 1 outlines the
current Level 2 fieldwork programme.

Table 1. Level 2 Undergraduate Techniques-Based Fieldwork Programme
Locality Techniques Practised
Madrid, Spain At the end of the first year students embark on a 2 week trip to just outside Madrid where they are taught

how to cerate a geological map along with other aspects of basic field geology.

North Norfolk A trip studying the glacial geology & geomorphology of a former ice-sheet margin. Activities include
geomorphological mapping, landslide hazard assessment, coastal geohazards and glacial sediment
logging.

Bath Work looking at aspects of periglacial geology around Bath as well as a trip underground to a bath stone
mine at Westwood.

Malvern Hills Development of rock mass assessment techniques. Students undertake a number of exercises aimed at
characterizing a rock mass in terms of its strength and engineering behaviour.

Cotswold Hills Geomorphological mapping techniques are introduced on the Cotswold escarpment just outside of the
village of Broadway.

North Devon More aspects of geological field skills are developed in this trip to North Devon where spectacular
examples of structural geology in action can be seen. Students develop structural geological assessment
techniques and palaeoenvironmental analysis and reconstruction.

Villerville, Normandy,
France

While staying in the pretty French port of Honfleur the students undertake a more advanced
geomorphological mapping & geohazard assessment exercise, fine tuning their field techniques before
embarking on their summer field data collection for their final year projects.
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Figure 2. Students being taught and practising rock mass assessment techniques in the Malvern Hills.

Level 3
A variety of more specialised trips are undertaken in Level 3 that are directly linked to a specific taught unit. For

example a rock slope stability exercise is undertaken on the Isle of Wight and a landslide geohazard trip completed in
Kent where classic British sites such as the A21 Sevenoaks Bypass, Folkestone Warren and Warden Point on the Isle
of Sheppey are studied. The course culminates in the final year with a study tour of engineering geological sites that
integrates the various strands of the course and provides an overview of the diversity of engineering geological
problems in a variety of terrains. The study tour takes place in southern and central France where volcanic,
earthquake, landslide and other hazardous terrains are examined along with visits to dam sites, tunnels, slope
stabilisation schemes and sites of significant geohazards requiring engineering geological solutions for their mitigation
and management.

Figure 3. Students on the final year study tour in the French Alps visiting the Super Sauze landslide.
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THE FINAL YEAR PROJECT
The final year project dissertation involves a significant period of independent field study. Many students use this

as an opportunity to be adventurous and to travel abroad. Projects have taken place in areas where the School has
direct experience and contacts, such as the Western USA, Sicily, Taiwan, New Zealand, Brazil and the French Alps.
The Final Year Project is a 30 credit point unit which can account for 25% of the final degree award.

Applied Geoscience Postgraduate msc conversion courses
The School of Earth and Environmental Sciences at Portsmouth also delivers a range of full time and part time

MSc courses in Applied Earth Sciences. These include:

• MSc Contaminated Land
• MSc Geohazard Assessment
• MSc Ground Investigation and Assessment

The MSc Contaminated Land course has been designed to provide the relevant training and knowledge required to
enable students to tackle the increasingly important problem of contaminated land. The course is focused towards the
continuing expansion of employment opportunities in the subject area.

MSc Geohazard Assessment aims to train earth scientists and engineers in state-of-the-art techniques for the
identification and assessment of geological hazards. Such training will enable graduates to pursue careers in UK or
overseas dealing with risk assessments of hazards such as earthquakes, volcanoes and landslides. The course was
designed to meet the criteria for hazard reduction and mitigation put forward as part of the International Decade for
Natural Disaster Reduction.

MSc Ground Investigation and Assessment has been designed to enable candidates to switch their area of speciality
and upgrade undergraduate geoscience studies and provide a sound background and training in engineering geology
for a subsequent career in the ground investigation and geotechnical industry.

Figure 4. The Folkestone Warren landslide complex visited as part of the Level 3 Landslide Geohazards field course.

THE NEW URBAN CHALLENGES AND THE UNDERGRADUATE
CURRICULUM

As has been previously stated the early days of the Engineering Geology and Geotechnics programme at
Portsmouth saw much teaching emphasis placed on the key employment opportunities for graduates at that time,
namely the UK coal mining industry and deep mining in South Africa. With the demise of the British coal mining
sector and the recruitment of more local graduates in the Developing World the applied geological programmes at
Portsmouth have evolved and have taken up the challenge presented by the urban regeneration agenda and the move
towards more environmental sustainability and risk-based engineering design. New courses have been introduced that
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have taken the increasingly important area of Brownfield site redevelopment and the role that the engineering
geologist plays in that process. Units addressing all aspects of contaminated land are now a key part of the curriculum.
Table 2 outlines the current learning aims, outcomes and syllabus for this particular taught course.

Table 2. Course Aims, Outcomes and Syllabus for Level 3 Contaminated Land unit.
AIMS
• To provide an overview of the key geoscience and environmental issues associated with contaminated land and brownfield

site redevelopment
• To detail the investigation, reporting and interpretation of contaminated land and contaminated sites, within the new

legalistic framework of assessment
• To outline the significant geotechnical and geoenvironmental factors associated with the landfilling of waste and in the

engineering design of landfill sites
• To consider other waste and contamination reclamation and remediation solutions and technologies, within the new waste

management hierarchy
• To introduce the significant legal issues concerning contaminated land and the environment
LEARNING OUTCOMES
• Categorise contaminated land within a geoscience and geoenvironmental framework
• Design and plan a contaminated land desk study and ground investigation and evaluate the results
• Predict the occurrence and nature of contaminated land within the new legal framework
• Propose management, mitigation, reclamation and remediation methodologies for contaminated sites
• Design or appraise a landfill site
SYLLABUS OUTLINE

Contaminated land: Introduction, context and definitions including government policy, social, political and economic context,
planning law and redevelopment background. Registers, environmental protection acts and bills. Health and safety requirements.
Site characterisation and desk studies, both environmental and geotechnical. Risk – based contaminated land assessment. Codes of
practice and environmental standards.  Site investigation techniques, geophysical assessment, use of remotely sensed data.
Specialist sampling and testing methods. Laboratory testing, contaminant determination and trigger value assessment. Background
to and the use of CLEA. Interpretation and modelling of results: environmental, legal, political and social implications.  Organic
contaminants, NAPL’s, POPS, linkage to groundwater contamination. Made ground: Geotechnical and chemical aspects.
Monitoring and instrumentation. Ground improvement, remediation and control, ground improvement design. Landfill:
Introduction and background.  Waste management and waste hierarchy. Landfill types.  Site suitability. Geotechnical design. Codes
of practice. Use of liners and membranes. Site management and monitoring. Leachate and gas monitoring and control. Restoration
and after-care. Innovative treatment technologies

Increasingly the engineering geologist is becoming more involved in hazard and risk assessment utilising the key
hybrid knowledge-base that they posses. Their ability to undertake both qualitative and quantitative risk assessments
ensures that engineering geologists are core members of any geoteam (Brunsden 2002). Units have been introduced
which address this hazard and risk agenda, for example Risk Analysis and Assessment. Table 3 outlines the current
learning aims, outcomes and syllabus for this particular taught course.

Table 3. Course Aims, Outcomes and Syllabus for Level 3 Risk Analysis and Assessment unit.
AIMS
• To describe the notion of hazard, risk and vulnerability.
• To develop the basic statistical and probabilistic concepts and techniques necessary for the quantitative analysis and

assessment of risk in a geological context.
• To carry out risk assessments of a variety of geological hazards.
LEARNING OUTCOMES
• Outline a mathematical basis for risk analysis and assessment.
• Describe hazard and risk, its analysis and interpretation in a geological context.
• Undertake geoscience risk analyses and hazard assessments.
SYLLABUS OUTLINE

Combinations, elementary probability theory, Bayes’ theorem.  Probability distributions – binomial, normal, negative binomial,
Poisson, exponential – and their relationships and use.  Basis of stochastic modelling.
Basic concepts of risk and hazard.  The analysis, assessment and management of risk and hazard. The risk management framework.
Concepts of uncertainty, likelihood and probability. Deterministic and stochastic methods of risk and hazard assessment.  Concepts
of a probabilistic assessment. Decision analysis.  Use of logic trees, fault trees, event trees, influence diagrams and interaction
matrices.  Risk modelling.  Monte Carlo methods.  Simulation and Scenario modelling. Sensitivity of hazard and risk assessments.
Data completeness.  Data error, accuracy and inherent variability. Geotechnical and geological risk and hazard assessment.
Probabilistic slope stability assessment.  Landslide hazard,  Seismic hazard, volcanic hazard, assessment and analysis.

These units compliment the traditional ground engineering material that still forms the backbone of the
Engineering Geology and Geotechnics degree pathway.
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Figure 5. Students completing their road geohazard assessment project on the French Engineering Geology Study Tour.

SUMMARY
The University of Portsmouth has run applied geology and in particular engineering geology and geotechnics

degree programmes for over 40 years, During that time the emphasis of the programmes has changed from training
graduates for the coal and deep mining industries to the more recent challenges of the urban environment presented by
aspects of urban regeneration and Brownfield site redevelopment as well as the greater use of risk-based approaches
and assessment methods in ground engineering. This paper has presented a précis of the taught material and fieldwork
programme that now addresses these new challenges.

Acknowledgements: All of the staff of the University of Portsmouth past and present who have contributed to the development
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EXECUTIVE SUMMARY 

The Geological Society is responsible for awarding the title of Chartered Geologist to those of its 
Fellows it considers have sufficient education, training and experience to meet the requirements 
laid down by the Society. A primary aim of this Training Guide is to provide guidance to 
graduate earth scientists in obtaining the necessary experience and knowledge to attain 
chartership status. To this end the tables provided in the Guide are designed to provide a 
comprehensive list of achieved skills that, in their project context, may serve as the basis of a 
submission for charter status. It is further intended that the Training Guide will continue to be 
used by Chartered Geologists for whole career training and a record of Continual Professional 
Development  

There are many specialisations within the geological profession and therefore one training guide 
cannot apply to them all. This Training Guide has been produced for Engineering Geologists, 
although in doing so it is recognised that the sphere of employment of the Engineering 
Geologist is very broad and so a range of subjects have been included, some of which would 
rightly be considered to belong in other geological specialisations such as hydrogeology, 
geophysics and extractive industries. While it is considered necessary that  the Engineering 
Geologist should gain some experience in these fields  in-depth knowledge would not be 
expected unless required by the Trainee’s main fields of employment.  

A working knowledge of geology to graduate level is required of all Trainees starting their 
training and most will have a first degree in the earth sciences. Those without an education 
majoring in geology should contact the Geological Society for advice on what further education 
may be needed to achieve Chartered status 

This Training Guide sets out a number of objectives which are worded in general terms so that a 
wide range of different experience can meet these objectives. A company may wish (and is 
encouraged) to write its own more specific training guide which must include the core 
objectives. Much of the Training Guide is appropriate for Engineering Geologists working 
outside the fields of civil engineering and construction, however, modifications may be 
necessary to suite some specific areas of activity.  

The guide covers seven broad sections including a section of Core Skills, which are expected to 
be obtained to the required level of attainment before applying for Chartership. It is likely though 
that during the trainees career objectives in other sections are likely to be fulfilled. Completion of 
every objective is not required. A detailed description of the use of the Guide is in Part 1 with 
detailed objectives being placed in Part 2. Instructions to Employers who wish to make use of 
the Training Scheme are in the Appendix. 
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PART 1 – THE TRAINING GUIDE 

1 INTRODUCTION 

The Geological Society of London (GSL) is the Chartered body recognised by the 
Department of Trade and Industry as the designated authority for Geology in the United 
Kingdom (UK) under the terms of the European Community Directive on the Recognition 
of Professional Qualifications. As such it is responsible for scrutinising the qualifications of 
candidates for Fellowship (FGS) and for validating as Chartered Geologists (CGeol) those 
Fellows it considers meet its standards of qualifications and experience. In common with 
other such bodies the Geological Society is responsible for facilitating the practising of 
geology in the UK to the highest possible technical and professional standards. In this 
professional role, the Society has an obligation to guide the development of young 
geologists in their careers and, in particular, to ensure that those who wish to qualify for 
chartered status receive the best possible training. 

This Training Guide is provided for the use of geologists and other related earth scientists 
who would be classed as Engineering Geologists. It provides guidance on the level of 
experience that they should attain to support their applications to the Geological Society 
(GSL) for Fellowship with Validation (CGeol) status and is further designed to serve as a 
whole career record of achievement of skills through continued professional development 
(CPD). 

Engineering Geologists use their geological skills in such fields as site investigation, slope 
stability analysis, mapping of geological and geotechnical hazards, foundation and 
earthworks design and the identification and remediation of contaminated sites. They may 
also be involved in the related disciplines of engineering geophysics, hydrogeology and 
mineral exploration. They are critical to, and should be considered as the principal 
developer of, the conceptual ground model for a given site. Whatever their speciality, all 
Engineering Geologists require good training if they are to become competent 
professionals and it is with this aim in mind that the Geological Society has produced this 
Training Guide for Engineering Geologists. 

The Training Guide was prepared jointly by the GSL’s Professional Standing Committee 
and the Engineering Group of the Society (EGGS). It is the Second Edition of the Guide, 
and as such supersedes the Guide prepared by a working group chaired by Mr. AJ 
Bowden (October 1994). This Second Edition was prepared by a working group chaired 
by Mr Simon Wheeler, whose brief was to update the 1994 Guide in the light of:  

• changes in technical requirements and professional practice of Engineering 
Geologists, 

• revisions to the GSL’s requirements and procedures for the granting of CGeol 
status 

• introduction of the GSL’s CPD scheme, which is available as an on-line record 
through the GSL web-site. 

• the proposed introduction of a Registration for Ground Specialists. 
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1.1 Stages in the Process 
An application for CGeol status should be seen as part of a career-long commitment to 
(CPD), which the GSL divides into two phases: 

Phase 1 – from graduation with a first degree to being awarded CGeol. 

Phase 2 – from  award of CGeol through to Registration and beyond. 

A flow chart explaining the route to CGeol (i.e. Phase 1) can be downloaded from the 
GSL’s website. The following notes provides some further guidance, explanations and 
requirements of the CPD process during Phase 1: 

1. The Trainee should apply for, obtain and maintain Fellowship of the Geological 
Society. 

2. The GSL strongly advises that Fellows working towards CGeol status should have 
a Training Supervisor from within their work organisation. Training Supervisors 
should be Chartered Geologists. The GSL maintains a list of CGeols who have 
indicated that they would be willing to act as Training Supervisors for aspirant 
CGeols and can suggest names of suitable Training Supervisors.   

3. The Trainee should  work towards and attain the training objectives listed below, 
recognising that they are part of the wider range of CPD activities that a Fellow is 
encouraged to undertake. The GSL has an on-line system for recording and 
submitting CPD records. 

4. The Trainee should maintain a work diary and submit it, on a quarterly basis, to the 
Training Supervisor. A print-out of the on-line CPD record should be included in the 
work diary as supporting information. 

5. Periodically the Trainee should review his/her progress in achieving the required 
training objectives, including an annual review meeting with the Training 
Supervisor. 

6. On completion of the training objectives and attainment of the required experience 
(minimum of five years) the Trainee will need to:  

• prepare a report (1500-2000 words) on professional experience, 
demonstrating how the seven requirements for CGeol listed in section 2 have 
been met; 

• assemble professional documents to support the experience described in the 
report and work diary. 

7. Review the professional report and documents with the Training Supervisor and 
obtain the required signatures from the relevant project managers and supervisors. 

8. Submit the application and supporting documents to the GSL. 

9. Prepare for and attend the professional interview during which the candidate is 
required to make a  15-minute presentation to the Scrutineers. 
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A formal statement of the requirements is provided in the GSL’s ‘Rules for Admission and 
Guidance Notes for Fellowship’, which can be obtained from the Fellowship Manager at 
Burlington House. 
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2 AN OVERVIEW OF THE TRAINING OBJECTIVES 

The objective of the Training Guide is to encourage Engineering Geologists to expand 
their experience throughout their professional career and also to structure their early 
training so as to gain sufficient and relevant experience to meet the requirements for 
Chartered Status as applied to the discipline of Engineering Geology. It is anticipated that 
the Guide will form the basis for a formal structured training scheme within an 
organisation.  

GSL Regulation R/FP/2 requires that Fellows seeking validation as a CGeol demonstrate 
seven components of relevant experience(October 2006). At the time of writing they are: 

(i). An ability to understand the complexities of geology and of geological processes 
in space and time in relation to his/her speciality. 

(ii). An ability to use geoscience information to develop predictive models. 

(iii). An ability to communicate clearly verbally and in writing. 

(iv).  A clear understanding of the meaning and needs of professionalism 

(v). An awareness of Health and Safety issues and other statutory obligations 
applicable to his/her discipline or area of work (that is, including appropriate 
industry standards). 

(vi). A knowledge and understanding of the Code of Conduct. 

(vii). An appreciation of the role of Continuing Professional Development during 
training and after validation (that is, once Chartered). 

Trainees should check that they are using the current version of the Regulations. The 
requirements are for all Fellows applying for validation as a Chartered Geologist. It is 
intended that in fulfilling these requirements the exercise of the above should form at least 
50% of the usual working hours over the period of experience claimed. For those where it 
is less the length of experience required will be commensurably longer. (Paper 13/1 of the 
Fellowship and Validation Committee). 

The Training Guide is written with the intention that those complying with the Training 
Guide should meet these criteria. 

The Training Guide is not intended as a substitute for postgraduate education and the 
Engineering Geologist is encouraged to undertake an MSc in Engineering Geology, 
Geotechnical Engineering, Foundation Engineering, Hydrogeology, Soil Mechanics, Rock 
Mechanics or other related subject during his/her early career. It should be stressed 
however, that classroom teaching is not a substitute for practical on the job training and 
experience which are essential for achieving Chartered status. Due to the advanced 
technical aspects of a MSc, it is included in the experience for Chartered status. 
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2.1 Admission to the Scheme 
The Training Scheme is administered by the GSL and is open to all Fellow Members of 
the Society who are practising geology and who have a realistic prospect of satisfying the 
requirements for Chartered status as set out in the Rules for Admission and the guidelines 
above. Those without a formal qualification in geology will be accepted providing they are 
employed (or are otherwise active) in Engineering Geology. The Training Guide assumes 
a sound knowledge of geology and of geological processes; anyone joining the scheme 
without this knowledge should seek advice from the Society on what further geological 
education will be required. 

The booklet entitled "Rules for Admission and Guidance Notes for Fellowship" is printed 
by the GSL and sets out the requirements for joining the Society and for the granting of 
Fellow and Chartered Status.  
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3 THE STRUCTURE OF THE TRAINING GUIDE 

This Training Guide lists the topics that are likely to be included in the work experience of 
an Engineering Geologist. The sphere of employment of Engineering Geologists is very 
wide and it is not intended that all of the topics should be covered by any Trainee. The 
core skills are considered to be essential parts of the training of all Engineering 
Geologists, while achievement in the topics covered in the subsequent sections will 
depend on the work experience of the individual Trainee. The key skills in each section 
are indicated and the Trainee working in these areas should ensure the target level is 
achieved in these areas. The details may be varied to suite individual Trainees whose 
experience is in some way out of the ordinary. Employers and Training Supervisors 
should consider producing their own training scheme based on this document. Where an 
employer’s sphere of activity is particularly specialised, or lacking in the area of some key 
skills, consideration should be given to obtaining an appropriate secondment for the 
Trainee to obtain the necessary experience.  

The training objectives are sub-divided into sections:  

C Core skills 

S  Site Investigation 

A  Interpretation, analysis and design 

P  Professional and general 

M Business management and commercial 

L Legislation and Contracts 

H  Health and safety 

Each section starts with guidance on the applicability of the subjects, followed by a 
description of the level of training and achievement that is required. 

The relevant table for the section is included in Appendix A, on which the experience 
gained can be recorded. The experience gained should be endorsed by the Training 
Supervisor who will date and initial the relevant column as each standard is achieved. 

Trainees should score their current experience and competencies against each objective 
and use this (with their Training Supervisor) to monitor their progress and professional 
development. 

The following levels of attainment have been used: 

A Appreciation; a general understanding of a subject or an appreciation as to how to 
undertake an activity 

K Knowledge; observation and recall of information or knowing how to undertake an 
activity 

E Experience; ; a depth of knowledge of a subject or activity actually undertaken by a 
Fellow (generally under supervision) 
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C Competence; a sound knowledge of a subject or activity actually undertaken by a 
Fellow without supervision; the Fellow can successfully direct others in the activity 

In addition, where a particular item is regarded as being a necessary component of an 
Engineering Geologist's capability this is indicated as follows 

 � an essential objective 

 � a recommended objective.  

The objectives marked by � are the core objectives and it is expected that experience will 
be gained in these subjects. In exceptional circumstances a good working knowledge may 
suffice but the omission of a number of these core objectives would bring into question the 
adequacy and breadth of the training obtained. These symbols have been used sparingly 
and the requirements of each section have been drafted so that a wide variety of training 
and experience should be able to satisfy the broad objectives of each section. Additional 
notes on any other relevant experience and training received may be included at the end 
of any section. 

An example is given below of the completion of the record of attaining training targets:- 

Date of Assessment, Level of Attainment and 
Training Supervisors Initials Training 

Objectives 
A K E C 

Comment 

Core Logging 5.7.06 

AJB 

5.9.06 

AJB 

5.7. 07 

AJB 

5.7.08 

AJB 

AJB 

5.7.08 Supervising a 
team of 3 geologists 

 

When assessing their attainment level Trainees should consider what evidence they need 
to submit in support of their application for chartership, noting that an item of evidence 
could cover more than one objective. In addition objectives and abilities recorded under 
other schemes such as the industry-wide Construction Skills Certification Scheme (CSCS) 
and individual company schemes for Investors in People (IIP) may be used.  

In using this Training Guide and preparing a chartership submission, Trainees should also 
bear in mind the categories under which CPD is recorded (see the GSL web-site): 

1. Acquiring knowledge and skills by deployment (that is during one’s day-today 
work): 

• Professional practice  

2. Enhancing and maintaining skills and knowledge:  

• Formal learning (tested) 

• Formal learning (untested) 

• Informal learning/training 

• Self-directed study 
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3. Participating in the geoscience community: 

• Non-work activities 

• Contributing to knowledge 

3.1 Training Supervisors 
All Engineering Geologists participating in this training scheme will have a Training 
Supervisor, for purposes of attaining Chartership. The Geological Society should be 
informed of the name and title of the training supervisor within the company. Such a 
person must be a Chartered Geologist, usually with significant experience. Wherever 
practicable, the Training Supervisor will be a practising Engineering Geologist who is in 
the same organisation as the Trainee and who is fully committed to the aims of the 
Training Guide.  

Once the Training Supervisor has been identified the Supervisor and the Trainee are 
jointly responsible for the implementation of the scheme and the Geological Society will 
not be involved further unless problems arise. If it becomes necessary for the Training 
Supervisor to be changed during the training period, the Geological Society should be 
informed of the change. 

Where the Training Supervisor is not in the same organisation as the Trainee it is 
recognised that there may be problems of confidentiality. Whilst the Supervisor is bound 
by his code of conduct not to disclose any information obtained, it is recognised that the 
Trainee may not be permitted to disclose any such confidential information and the 
Supervisor must make any necessary allowances for this. 

The training period leading to chartership shall be a minimum of 5 years and during that 
time the Training Supervisor should have formal contact with the Trainee on a quarterly 
basis. These meetings should preferably be face to face, but telephone and mail contact 
is acceptable provided direct contact is made at least annually. These contacts should be 
used to discuss the training and experience that the Trainee is receiving and to make any 
recommendations to the employing organisation which are thought necessary, either 
directly or through the Geological Society. In exceptional circumstances, such as either 
the Supervisor or the Trainee working in remote locations/overseas, it may be necessary 
for this contact to be achieved entirely by correspondence, but this very limited 
supervision is considered undesirable and must be approved by the Geological Society in 
advance. 

The Training Supervisor shall inspect the record of training on a quarterly basis and 
authenticate the grades of training achieved by dating and initialling the record. The tables 
in the Training Guide are designed to serve as the training record.  As part of the 
requirements for attaining chartership, the Trainee should record these quarterly meetings 
and any objectives set for the purposes of producing an annual report of 1500 – 2000 
words. Any lectures or training courses attended during the period are to be reported 
separately as a brief summary with an emphasis on the content and value to the Trainee 
of the lecture/course attended and recorded on the online CPD record. Attendance at the 
course is to be authenticated by the employer, Supervisor or course organiser. 

The Training Supervisor will also assist in arranging any secondments and will monitor 
their progress. 
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3.2 The Training and CPD Record 
Maintenance of a Training and CPD record is an essential part of the training of any 
professional geologist. It is a requirement for attaining Chartered Status and it is 
recommended that the record should be maintained throughout the Engineering 
Geologist’s professional career.  The Training and CPD Record should record the type of 
work carried out, illustrating the experience gained and responsibilities held. It should 
therefore be sufficiently detailed to allow correlation with the experience recorded in the 
Training Guide, but should not contain confidential information, nor need it include details 
regarding the client, administrative information or site locations that might be of a sensitive 
nature. The training and CPD record should contain details of all formal and informal 
training received. 

As mentioned in earlier sections the GSL have produced an online CPD record, which it is 
recommended is utilised at the earliest opportunity. This can be found on the GSL website 
at: 

www.geolsoc.org.uk 
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PART 2 – TRAINING OBJECTIVES 
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4 CORE SKILLS (C) 

4.1 Introduction 
The Training Objectives identified as Core Skills are considered fundamental 
requirements for anyone employed as a professional Engineering Geologist. Attainment of 
these skills at the Competence level is a mandatory requirement for becoming a 
Chartered Geologist within the Engineering Geology discipline.  

Most of the Core Skills will have been learnt as part of an undergraduate degree 
programme prior to the Trainee embarking on a professional career and it is important that 
they should be maintained either as part of their work or, for example, by attending 
workshops and fieldtrips that are arranged by the Geological Society through its various 
Regional and Specialist Groups (including the Engineering Group) and by a number of 
other organisations.   
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5 SITE INVESTIGATION (S) 

5.1  Collection and Collation of Existing Data (The Desk Study) 

5.1.1  Introduction 
Collection and collation of existing data is the essential first stage in any site investigation. 
It is necessary for the establishment of the conceptual ground model which can then be 
used to scope and plan appropriate field investigations to develop the model through to 
design stage. These activities are often called the ‘desk study' even though site 
reconnaissance (‘walkover survey’) and possibly some more detailed mapping may be, 
and ideally should be, included in this stage of an investigation. The Trainee should 
develop the necessary skills for this work which often requires the evaluation of data from 
different sources and the assessment of confidence levels where there is an absence of 
information or conflicting evidence. 

Training in this area should ensure that a methodical approach is taken to data collection, 
that it is collated appropriately and used in a logical manner to develop a fully supported 
conceptual ground model, which can be used to plan the subsequent stages of the 
investigation and developed as further information becomes available.    

5.1.2 Retrieval of Information 
Existing data arises from a variety of sources including, but not limited to, the Ordnance 
Survey, the British Geological Survey, public libraries and the libraries of learned and 
professional bodies, university and copyright libraries, the Environment Agency, Local 
Planning Authorities and records held by the client.  

5.1.3 Collation, Synthesis, Interpretation and Presentation of Results 
The best way to present data summaries will depend on the details of the site and the 
project. In many cases it will be best to present the desk study results as a report 
including a series of plans and cross sections. The Trainee should gain experience in 
producing output of this type and of other useful techniques such as graphs, histograms, 
annotated photographs, sketches and block diagrams and learn to select the best method 
of presenting information.  

All the training objectives listed can be achieved on paper, it is expected that the Trainee 
will develop and use basic computer skills, specifically the use of word processors, 
spreadsheets and data bases in the storage and manipulation of data and the 
presentation of results.  

5.1.4 Conceptual Ground Model 
As mentioned in previous sections once the data has been gathered a conceptual ground 
model and assessment of the associated risks can be produced. Ideally this should relate 
to both geotechnical and geoenvironmental risks so that the planned investigation can 
address all potential issues associated with the site, but this is generally dependent on the 
project brief which the trainee should be aware of before commencing the work. 
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5.2 Site Reconnaissance and Mapping 
Site reconnaissance and mapping can form part of the desk study or may be carried out 
as a separate phase of the investigation. The purpose of site reconnaissance is to confirm 
information obtained from the desk study and to note any relevant features that may not 
be evident from the documentary records. Mapping may be used to obtain a basis for the 
conceptual model, or it may be of a more specialist nature aimed at a particular feature of 
the site, such as the extent of soft or waterlogged ground, a contamination association 
such as a spoil tip, the morphology of an old or active landslide, or other geohazard.  

Specialist mapping may be carried out at any stage of a project and might consist of one 
of the following:  

• Geomorphological mapping for geotechnical/asset management purposes 

• Resource maps for extractive industries and hydrogeological purposes 

• Contamination delimitation for geo-environmental purposes. 

5.2.1 Field Work 
Field experience is one of the most important aspects of an Engineering Geologist's 
training and it is the specialist skills in this area that often distinguish the Engineering 
Geologist from other ground specialists. Accurate and detailed field observations and the 
recognition of the geological and ‘man-made’ processes which affect the site are often 
crucial to the effectiveness and the safety of the final design.  

5.2.2 Mapping and its Interpretation 
It is essential that an Engineering Geologist demonstrates an ability to record and transmit 
data in the form of plans and sections derived from systematic engineering geological 
mapping. The mapping may be factual or interpretative, with the difference clearly 
indicated, and should always include a key to symbols, north point and scale.  Experience 
should be gained at working at a variety of scales depending on the size of the site and 
the degree of detail required. An ability to think in three dimensions and to recognise the 
effects of natural and man-made processes is an essential part of the science of the 
Engineering Geologist.  

The Trainee should become familiar with the use of remote sensing data in field 
operations.  
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5.3  Ground Investigation 

5.3.1 Introduction 

This section deals with ground investigations as they are most commonly used in the 
following industries: 

• Geotechnical 

• Geo-environmental 

• Hydrogeological 

• Extractive Industries 

An Engineering Geologist must regard a site investigation as an evolving process and not 
attempt to follow a predetermined plan. The results must therefore be continually re-
evaluated as work progresses, particularly if subsurface conditions are complex, or not as 
anticipated. 

All Engineering Geologists must have a detailed knowledge of the more commonly used 
site investigation methods and be able to supervise and control the works  and carry out a 
progressive interpretation of the data.  

5.3.2 Planning the Ground Investigation 
A ground investigation is generally required to provide much of the information that forms 
the conceptual ground model on which any future design work will be based and to 
provide the parameters required for the design. The Trainee will require a knowledge of 
the project as well as an understanding of the ground model derived from the earlier 
studies in order to plan a successful and cost effective investigation.  

Planning the investigation should address three fundamental questions:-  

• What is already known about the site? 

• What is the proposed development (nature, size and effect on the ground)? 

• What further information is required at this stage of the design (feasibility, 
preliminary, detailed design)? 

 

Ideally the investigation should be carried out in stages, with the results of each stage 
being used to plan the subsequent work. Each stage of the investigation must be planned 
so as to be as flexible as possible to allow for any reasonable changes arising from 
unexpected ground conditions or changes in scheme proposals.  

Investigation should be planned with the above objectives in mind and the Trainee should 
have a clear understanding of the reason, whether specific or general, for the location of 
each exploratory hole, and of the ways in which the necessary information will be obtained 
from each hole.  
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5.3.3 Geotechnical Parameters Required 
In order to plan an effective investigation, the Trainee will be required to have some 
knowledge of the type of geotechnical parameters that are to be used in design, how the 
parameters are related to the predicted ground conditions and how they can be obtained 
from insitu testing and sampling for laboratory testing. Implicit in this is an appreciation of 
any shortcomings of the chosen methods, of the quality of samples that can be obtained 
by various methods and the likely effects of sample disturbance on the testing.  

5.3.4 Geoenvironmental Parameters Required 
As for the geotechnical parameters the Trainee is required to have knowledge of the 
previous industrial land uses of the site so that an appropriate and targeted investigation 
can be carried out. It is important that the Trainee understands how sampling strategies, 
chains of custody, sample size and storage can effect the results obtained and know how 
to limit the loss in reliability of the results obtained from the laboratories. 

5.3.5 Groundwater Observations 
The Trainee must learn to appreciate the role of groundwater in the conceptual ground 
model and its effect on the project requirements. He/she must also understand the ways 
in which groundwater information can be obtained during and investigation and the benefit 
of long term monitoring and sampling to obtain information that is representative of the 
equilibrium conditions at the site. The aim of the groundwater investigation should be an 
understanding of the groundwater table, hydraulic gradients, nature of flow and the ground 
permeabilities. 

5.3.6 Ground Gas Observations 
Ground gas as with water can be an issue particularly on sites close to landfills, 
contaminated site, marshes and carbonate rocks and will need to be incorporated into the 
conceptual ground model. Therefore the Trainee should be aware of these potential 
issues and be able to design an appropriate monitoring and if required sampling regime 
so that the risks associated with ground gas can be designed out. 

5.3.7 Evaluation of Possible Techniques 
Once it has been decided where investigation is required and what parameters are 
needed, decisions can be taken on the most appropriate techniques for obtaining the 
data. These will all have limitations, for example depending on the ground conditions, 
quality of samples required, depth of investigation, working area and cost. The Trainee will 
require a knowledge of these in order to determine which techniques to use.  

5.3.8 Description and Classification  
An Engineering Geologist must be able to use standard descriptive terminology for soils 
and rocks to draw detailed and consistent trial pit and borehole logs to recognised 
standards.  

The Trainee should develop an understanding of the various systems that are available 
for classifying engineering characteristics of particular rock types and become familiar with 
the use of some of those used in his/her area of work.   
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5.3.9 Laboratory Testing  
An Engineering Geologist will frequently be asked to schedule the laboratory testing for a 
site investigation. In order to do this effectively he/she should have knowledge of the soil 
properties that are required, how they can be obtained and the way in which they will be 
used in characterising the soil and in design. In acquiring these skills the Trainee should 
appreciate the effects of sample disturbance, how representative the sample is likely to 
be, and the probable rate of deterioration of the sample. 

For geotechnical testing an understanding is also required of the stress changes that will 
occur during construction  and any relevant details regarding the method of construction 
and/or proposed use of the site. 

For contamination testing an understanding of the type of contaminants likely to be 
encountered based on the previous industrial uses, construction methods likely to be 
used, the requirement to remove waste material and the proposed end use need to be 
taken into account. 

An understanding of laboratory test scheduling can be gained by attending specialist 
courses or by studying previous reports, but work place training leading to experience of 
scheduling tests and the subsequent application of the test data often constitutes the best 
training. It is particularly beneficial if the Trainee can also obtain ‘hands on’ experience of 
testing in a laboratory.  
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6 INTERPRETATION, ANALYSIS AND DESIGN (A) 

6.1 Geotechnical 

6.1.1 Interpretation and Analysis 
Data will arise from a variety of sources and at several stages of an investigation. This 
data needs to be recorded, manipulated as necessary, and analysed to extract the 
required information and parametric values. Data analysis may be used to reappraise and 
refine some aspect of the engineering geological model for further analysis or be used 
directly in engineering design.  

Training in this area should give an appreciation of the sufficiency and reliability of the 
data, an understanding of the most appropriate method of analysis and the meaning of the 
results as they relate to the project requirements and the site conditions. Data to be 
analysed can be presented in a variety of ways and come from a variety of sources such 
as these listed below:- 

• Information on geological surfaces as point data sections or contours  

• Laboratory or field test results in tabular or graphical form  

• Geophysical information in plan and section 

• Groundwater or porewater pressure monitoring information as time sequence 
graphs 

• Remote sensing imagery as annotated maps 

Key skills required in data analysis are listed below and the Trainee should be able to 
demonstrate competence in a variety of techniques. Typically these processes provide the 
basis for detailed geotechnical design.  

The Trainee should develop a critical consideration of the approach to be adopted for a 
specific project and data set, for example whether to analyse data in relation to ground 
level, reduced level or depth below a marker horizon, rather than working to a formula. 
The Trainee should develop an appreciation of the distribution of data and the extent of 
natural variation and hence be able to identify the effects of sample disturbance and the 
presence of rogue results and to differentiate real and meaningless statistical 
relationships.  

When using computer programmes it is particularly important that the Engineering 
Geologist has a clear appreciation of the assumptions implicit in a particular programme 
and an understanding of the way in which the programme works. Software should always 
be used with understanding of the principles and appreciation of the sensitivity to the input 
variables. Results should be critically appraised to ensure that the model and analysis are 
appropriate and the results are correct, and relevant. The Trainee should be in the habit of 
systematically or spot checking the input data and results as appropriate. 
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6.1.2 Geotechnical Design 
Geotechnical design is the end product of much of the work that an Engineering Geologist 
employed in the construction industry will undertake. However, the extent to which he/she 
will be involved can vary considerably, depending on the organisation they work for, the 
extent of their own engineering capability and on the nature of individual projects. 
Engineering Geologists are more likely to obtain design experience in relation to shallow 
foundations, excavations, small retaining walls, slope stabilisation, soil nails, rock bolts 
and dewatering systems than in more complex aspects of mathematical modelling and 
soil structure interaction. In all aspects of geology, but particularly in design, it is important 
that the Trainee understands and acknowledges the limits of his/her expertise and is 
mindful of the Code of Conduct of the Geological Society.  
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6.2 Contamination 

6.2.1 Interpretation and Analysis 
A contamination assessment comprises the assessment of a site in terms of the likely 
presence of, and potential risk posed by, any likely contaminants in the soil or 
groundwater, the possible effects of those contaminants and the way in which the nature 
of the contamination may affect, or be affected by, the proposed development of the site. 
Contamination assessments are increasingly forming part of site investigations either as a 
routine measure to safeguard the health of site workers, or as part of the overall 
assessment of a site for planning permission for a change of land use. 

From an engineering geological point of view the basic skills required for a contamination 
assessment are very similar to those required for a geotechnical assessment, 
investigation and design. Both operations require the gaining of an understanding of the 
nature of the site, its geology and its history both natural and man-made. This 
understanding is then used to develop a conceptual ground model which in turn permits 
the Engineering Geologist to identify contaminant sources and to determine the processes 
affecting migration of contamination which are the prime considerations in assessing the 
risk and remediating a site. 

The Trainee needs to become familiar with the various soil guideline values and their 
derivation together with the more sophisticated assessment techniques, including 
programmes such as CLEA, RBCA, CONSIM and BP.RISC which can be used to predict 
the effects of contaminant concentrations within the framework of the conceptual ground 
model on the current or proposed end land use and any construction activities. Such an 
assessment is then used as the basis for recommendations for mitigating risks during 
each of these phases, possibly including remediation measures. 

6.2.2 Remediation Design 
The Trainee should be familiar with the techniques of soil remediation including:  

• Bioremediation (insitu and exsitu)  

• Soil stabilisation and solidification  

• Soil washing  

• Permeable reactive barriers 

• Insitu groundwater remediation techniques 

• Monitoring natural attenuation  

Design of a remediation strategy should include provision of a validation methodology with 
target values and clearly defined steps to be taken if the values are not achieved. The aim 
of the validation programme should be to ensure that the site has been remediated to the 
required extent and that this has been demonstrated. The remediation strategy may also 
include long term monitoring programmes. 
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6.3 Hydrogeological Design 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.4 Extractive Industries 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.5 Construction Experience (E) 
It is essential that the Engineering Geologist gains some experience of construction 
processes in order better to understand the practicalities of design options. Not all firms 
can provide site experience as part of a Trainee's normal employment and time may have 
to be specifically set aside for site observation, or an opportunity sought for secondment 
to a a  firm involved in a suitable construction project. In the pre-chartership training period 
a minimum of 6 months site experience in a 5 year training period is recommended.  
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6.6 Risk Assessment 
In most industries today risk assessment is a common tool to ensure that design risks 
associated with a projected are reviewed and managed appropriately. An understanding 
of the conceptual ground model provides the Engineering Geologist  with an appreciation 
of both the geotechnical and geoenvironmental risks associated with a particular project, 
or one or the other depending if the Engineering Geologist is specialising in a particular 
field. The Trainee should be able to identify key geotechnical and/or geoenvironmental 
risks associated with design, construction and maintenance phases of a project, including 
risks that might affect safety, cost and programme. 

The risk assessment should be carried out at the earliest opportunity and is generally 
started as part of the desk study phase; this is then reviewed as each stage of the site 
investigation process is undertaken. 

The Trainee should be able to carry out a quantitative risk assess in which the level of risk 
is quantified, mitigation measures are defined and a assessment is made of the extent to 
which such measures will reduce the risk. Typical mitigation measures may include  
additional or specific desk studies or ground investigation, monitoring before, during and 
after construction and, defining contingency measures which can be prepared and ready 
for deployment when required. The Trainee should be able to manage the mitigation of 
risks for aspects of work for which he/she is responsible. 

The Trainee should gain experience in drafting and maintaining a 
geotechnical/geoenvironmental risk register as a live document throughout the life of a 
project. 
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7 PROFESSIONAL AND GENERAL (P) 

The Geological Society offers geologists continuity through every stage of their scientific 
and professional life. Engineering Geologists applying for chartership should recognise 
the role, purpose and functions of the Geological Society and serve the profession 
through participation in the activities of the Engineering Group of the Geological Society.  

Trainees are encouraged to maintain and improve their competency as an Engineering 
Geologist through training, presentations, attendance at conferences and seminars, 
reading and preparation of papers for publication. Formal recording and monitoring of 
Continual Professional Development (CPD) acknowledges the responsibility of chartered 
geologists, and those intending to become Chartered, to maintain and develop standards 
of technical and professional competence inherent in the designation of CGeol. 
Development of personal qualities is necessary for the execution of professional and 
technical duties throughout a practitioner's working life. 

Fellows who provide advice to others, whether to clients and employers in a professional 
capacity, through membership of committees or to the general public directly or via the 
media, are required, under the Code of Conduct, to restrict such advice to their own areas 
of expertise. The trainee is required to demonstrate an awareness and application of the 
Geological Society Code of Conduct.  
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8 BUSINESS MANAGEMENT AND COMMERCIAL (M) 

The Trainee should understand his/her employer’s business strategy and objectives and 
carry out his/her work in accordance with these stated principles.  

Commercial awareness and an understanding of their employer’s quality management 
system, project and resource management and financial organisation are becoming 
increasingly important and these aspects should be addressed in training together with 
the development of technical capabilities. This section contains the main business and 
commercial issues that are likely to be encountered during the career of an Engineering 
Geologist. These skills may be of limited relevance in the early stages of the Trainee’s 
career, but they will inevitably become more important as his/her career develops.  

Over the period of training a Trainee should demonstrate increasing involvement with 
management of both finances and resources within a project and develop an awareness 
of the need to meet a programme of deliverables to an appropriate standard and within 
the target profit margins.  

The Trainee should understand the procedures set out in his/her Employer’s Quality 
Assurance System and ensure that his/her work is carried out in accordance with the 
requirements of the system. This will include rigorous attention to the procedures for  
recording instructions, checking and approving work and for registering issue and receipt 
of drawings and documents.  

Whilst in the formative years of the Trainees career technical experience is likely to 
dominate, the requirement to manage people, resources and finances will increase and 
further training in these aspects may be required to support this growing aspect of the 
trainees career. 
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9 LEGISLATION AND CONTRACTS (L) 

Contracts and Legislation form the framework for all operations within the construction 
industry and its associated industries.  

The Trainee should be aware of current legislation, the most common conditions of 
contract and specifications and be able to apply these to both design and construction 
contracts. The Trainee should understand the duties and responsibilities of the defined 
roles under a contract, such as the Employer/Owner, Engineer, Resident Engineer, 
Engineer’s Representative, Contractor, Site Agent, and sub-contractors.  

The trainee should be able to prepare contract documentation including technical 
specifications and bills of quantities, for many this is likely to initially be for ground 
investigations, although construction operations which are related to engineering geology, 
such as earthworks, slope stabilisation, ground treatment, remediation and drainage may 
also require this documentation. He/She should able to monitor the contract during site 
works in terms of technical adherence to the specification and measure the works against 
a bill of quantities.  
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10 HEALTH AND SAFETY (H) 

In most countries employers and employees are required to satisfy legal obligations set by 
the Government of the land and statutory bodies associated with the relevant legislation. 
Therefore the Trainee is required to have an understanding from early on in their career of 
the safety management systems of their company and safety requirements specific to 
their sector(s) of work. The trainee may also be required to hold specific Health and 
Safety qualifications to work in specific sectors e.g. railways. More broadly, they should 
appreciate their statutory and professional responsibilities to employers, the workforce 
and to the public. 

The Trainee should be able to manage and apply safe systems of work with reference to 
the Safety Management Systems. The Trainee should be able to recognise potential 
health and safety hazards in design and on a construction site and make appropriate 
changes in order to reduce the risk of  accidents during construction and the life of the 
project. They should be aware of the current acts, regulations and codes of practice and 
be able to apply them to both design and construction.  
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APPENDIX B 

GUIDE TO EMPLOYERS 

OBJECTIVE OF THE GUIDE 

The objective of the Training Guide for Engineering Geologists is set out in full in the 
Introduction to the Guide. In brief, it has been produced to outline the type of experience 
and training desirable for an Engineering Geologist in his/her formative years and to 
provide a whole career record of training and skills achievement. 

The aim of the training is to assist the Trainee to develop the appropriate skills and 
adherence to good practice that will make him/her an Engineering Geologist who is a 
competent professional of wide experience and a credit to him/herself, his/her employer 
and the profession. 

The implementation of the Training Guide need not entail significant cost or loss of income 
to an employer since it should be possible to provide most of the training within the 
framework of project work. Any costs that are incurred should be more than offset by the 
value to the company of an increasingly competent, well motivated, Engineering 
Geologist. 

The Employer's Role 

The Training Guide sets out a framework of desirable experience. It is written in terms of 
general objectives so that it can apply to a wide variety of organisations and individuals 
with a range of relevant experience. The training and experience is to be provided by the 
employer with direction from the Geological Society and the appointed Training 
Supervisor based on the outline of objectives given in the Training Guide. 

Ideally the Training Supervisor will be in the same company as the Trainee, in which case 
the Training Supervisor is expected to negotiate with line managers to ensure that the 
Trainee is given appropriate experience to facilitate his/her training, if not, the Trainee will 
need to negotiate assignment to appropriate projects directly with his/her manager. The 
manager will then ensure that the Trainee is given appropriate instruction and supervision. 
It is appreciated that the Trainee may be the only Engineering Geologist in the company, 
in which case the Training Supervisor may have to discuss the training requirements with 
the employer in order to ensure that the employer has a full understanding of the 
objectives of the training programme as set out in this Guide.  

The employer will need to be familiar with the basic requirements of the Guide. He will 
then need either to plan in advance how the various topics can be covered in, say, a 5 
year period, or take the opportunities as they arise on individual projects to assign the 
Trainee to work on aspects not so far addressed. 

The Training Guide is written in general terms to cover the very wide range of types of 
organisation in which Engineering Geologists are employed and the wide range of areas 
in they are active. An individual employer may wish (and is encouraged) to produce his 
own company specific training guide. The Geological Society is prepared to review any 
such document and give formal approval to signify that it meets the requirements set out 



 

  

in this guide. A company specific guide should be written in the format of this Training 
Guide but with more specific objectives replacing general ones.  

A company’s Training Scheme should include 

i)  A description of the company's objectives and organisation 

ii)  The training policy of the company and the specific commitment to training. 

iii)  The Training Objectives, both general and company specific should be clearly 
defined and must include all the Core Skills as listed in this Training Guide. There 
is, however, wide scope for specifying exactly how these should be achieved 
within the operating environment of any one company. Other company specific 
objectives may replace non-core objectives in the Training Guide but in every case 
the objectives should be clearly stated together with a clear pathway as to how 
they are to be achieved. The company may either carry out its own assessment of 
the level of achievement or it may rely on the quarterly review by the Training 
Supervisor. 

iv)  Procedures for the trainee to obtain continuing education and training both taught 
and in the workplace.  

v)  Review procedures and the Trainee's probable internal movement within the 
company, including any secondments. 

vi)  The role and authority of the line managers and Training Supervisor in terms of 
planning and managing the training programme.  

The employer is expected to provide opportunities for the Trainee to attend conferences 
and courses and to pay any necessary fees or expenses. Many companies, universities 
and institutions run evening lectures, workshops of half day to 2 or 3 days or longer 
conferences.  

The Trainee should take advantage of training courses such as those run by the 
Geological Society on various geological formations, on report writing and expert witness. 
The ICE covers subjects such as Contract Law, Health and Safety and Computational 
Methods. The Trainee is also expected to engage in background reading in his/her own 
time. To this end the employer should produce a reading list. This is not expected to be 
exhaustive but should supply reference material and indexes to more specific papers that 
may be researched for specific projects.  

The aim of this Guide is to give broad experience that will provide an appreciation of the 
many facets of the Engineering Geology and ensure a suitable standard in the Core Skills.  
In writing the Guide in general terms, it is hoped that an individual will not have undue 
difficulty meeting the requirements whilst remaining in one company.  However, it may be 
that the work of a company is so specialised that whole sections of the Guide cannot be 
covered. In this case it will be necessary to arrange secondment to another company for 
the Trainee to gain the necessary experience. 

Any questions concerning how to apply the Training Guide should be addressed initially to 
the Training Supervisor. 



 

  

APPENDIX C 

SUMMARY OF REQUIREMENTS FOR CHARTERED STATUS 

The requirements for Chartered Status are set out in the Geological Society's booklet: 

"Rules of Admission and Guidance Notes for Applicants" 

At the time of printing these are, in summary:- 

 i) provide evidence (log book or report) of at least five or seven years' relevant 
postgraduate experience, depending on qualifying degree 

  ii) have, attended a professional interview 

iii) have, if required, undertaken written examinations set by the Society (only 
required in exceptional circumstances) 

Years of experience required under item (i):- 

5 years for "geological" degrees: 

CATEGORIES OF RECOGNISED "GEOLOGICAL" DEGREES 

BSc/BA (Honours) 

Applied Geology   Geophysics 

Earth Science   Mining Geology 

Engineering Geology  Mineral Exploration 

Environmental Geology  Natural Sciences (specialising in geology) 

Geochemistry   Petroleum Geology 

Geological Sciences  Physical Geology 

Geology 

(or a combination of the above) 
Combined (joint) honours in geology with another scientific subject (including 
geography with an appropriate bias) 

Honours degrees in environmental science in which geology forms at least half of the 
course. 

Science-based honours degrees of the Open University where all the credits obtained 
have been in science and technology subjects and at least 40% in the earth sciences.  
(Candidates must also be able to show that they have obtained suitable geological field 
experience, including geological mapping). 

Postgraduate degrees 

Most taught MSc courses and post graduate degrees by thesis which are carried out 
mainly in geology and earth science departments are eligible. 



 

  

 

7 years for "cognate" degrees: 

CATEGORIES OF RECOGNISED "COGNATE" SUBJECTS 

BSc/BA (Honours) 

Subject  Geological Sub-discipline 

Biology  Palaeontology, Biostratigraphy 

Chemistry  Geochemistry 

Civil Engineering   Engineering Geology, Geotechnics 

(with geology as subsidiary) 

Mining or Mining Engineering  Mining Geology 

(with geology as subsidiary)  

Petroleum Engineering  Petroleum Geology 

(with geology as subsidiary) 

Environmental Science  Environmental Geology 

Oceanography/Marine Science  Marine Geology 

Physics  Quaternary Geology 

Combined honours degrees in geology 

and non-scientific subject  (Various) 

Science based degrees of the Open 

University with a geological content  (Various) 
 

Fellows without a degree can be validated individually on the basis of their experience 
as practising geologists.  As a guideline it is anticipated that individuals would not 
qualify by this route with less than 10 years' relevant experience. 

Note: The qualifying degrees are under review and the applicant should make 
enquiries before applying 
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A K  E C

C1

Explain the complexities of geology 
and of geological processes in 
space and time within a stratigraphic 
framework.

� 

C2

Classify sedimentary, igneous and 
metamorphic rocks, assemblages 
and terrains; their mode of 
formation, field occurrence and 
engineering significance.

�

C3

Describe  geological structures; their 
mode of formation, field occurrence 
and engineering significance.

�

C4
Interpret the  stratigraphic 
framework of the  region in which 
the work is to be undertaken.

�

C5

Categorise the Quaternary setting of 
a given project area and predict the 
associated sediments, landforms 
and geohazards present within that 
terrain.

�

C6
Recognise and categorise landslides 
and potentially unstable slopes. �

C7 Accurately record geoscience and 
engineering data in a notebook.

�

C8
Take appropriate orientation data 
including dip and strike or dip and 
dip direction measurements.

�

C9 Assess and record height and other 
dimensional data.

�

C10
Map read, orientate and locate in the 
field and  understand map scales. �

C11

Recognise the importance and 
concepts of factual data collection 
including the transfer of data to 
others.

�

C12
Communicate effectively with others 
at all levels orally, in writing and by 
presentation.

�

Utilise geoscience information to 
develop preliminary predictive and 
conceptual ground models which 
include aspects of:-

�

Stratigraphy �
Lithology �
Structural Geology �
Geomorphology �

C13

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

C CORE SKILLS

  ����%&



����������	
�����
	�� ���	�	�����	����������	����	���������	��

���������������� !�"����!��#$

A K  E C

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

C CORE SKILLS

Hydrogeology �
Contamination and 
environmental aspects

�

Geotechnics �
Undertake systematic, geological, 
engineering geological, 
geomorphological and other 
appropriate thematic mapping. 
Mapping undertaken must include 
aspects of :

�

Geology / statigraphy and 
geological structure

�

Geomorphology and terrain 
evaluation

�

Rock mass properties �
Hydrogeological and 
hydrological features

�

Geological hazards �

C14
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A K  E C

S9 Design a structured, formal site 
reconnaissance visit.

S10

Identify the key geological and 
geomorphological features of 
engineering significance from the 
site reconnaissance.

S11
Identify potential contaminant 
sources, pathways and receptors  
from the site reconnaissance.

S12
Identify potential ground and surface 
water issues from the site 
reconnaissance.

S13
Undertake an  evaluation of existing 
cuttings / embankments and identify 
any potential  defects.

Undertake field-based mapping  
including the compilation of thematic 
maps such as:

Slope and landslide hazards 
Potential construction material 
sources
Ease of rock excavation
Foundation category map
Rock mass  properties
Engineering geological 
description
Utilise remotely sensed data to 
assist with site mapping.

S15
Detail the advantages and 
disadvantages of using various 
remote sensing systems.

S16 Explain the need for obtaining 
ground truth information
Analyse and interpret the following 
remotely sensed data formats:

Colour or black and white aerial 
photography
Stereographic imagery
Infrared photography
Multispectral and hyperspectral 
satellite imagery

Digital terrain  models
Radar imagery including 
interferometry

S14

S17

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

SITE RECONNAISSANCE AND MAPPINGS
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A K  E C

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

SITE RECONNAISSANCE AND MAPPINGS

S18

Utilise these data to generate  a 
three dimensional interpretation of 
the ground to feed into the 
Conceptual Ground Model.

S19

Identify the presence of geological 
hazards from the site 
reconnaissance and mapping 
activities 
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A K  E C

S1 Prepare a site specific engineering 
geological desk study.
Outline what information is 
available, the  potential sources of 
that information, how to obtain that 
information and how to present and 
report that information. This should 
include usage of the following data 
sets:-

Published and unpublished 
topographic maps and other 
plans at relevant scales 
(including previous editions and 
historical maps).
Published and unpublished 
geological and applied 
geological maps 
Published hydrogeological maps

Published geological and 
geotechnical academic papers, 
reports, memoirs, guides, 
monographs and other relevant 
literature
Aerial photographs, satellite 
images and other remotely 
sensed imagery
Previous technical reports on the 
site or nearby sites
Records of previous borehole or 
trial pit investigations
Well or water monitoring 
borehole records
Mining or other mineral 
extraction records and  plans
National geoscience databases

Internet-based material
Data in AGS Format
Digital terrain or elevation 
models
Building Inspection / defect 
reports
Historical construction records

S3 Assess the reliability and relevance 
of such information

S4
Utilise existing information to 
develop a Conceptual Ground Model 
of the site

S2

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

 DESK STUDYS
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A K  E C

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

 DESK STUDYS

S5

Develop a profile of the site history 
including potential contamination 
sources, historical structures and 
any relevant geological hazards that 
may effect the site.

S6

Utilise the preliminary predictive and 
conceptual ground models to 
identify potential contaminant 
sources, pathways and receptors.

S7

Utilse the preliminary predictive and 
conceptual ground models to 
identify potential ground or  
groundwater hazards.

S8 Utilise historical data to provide 
evidence for seismic activity
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A K  E C

Design an investigation to confirm 
predicted ground conditions and 
further develop the Conceptual 
Ground Model. Design should 
address aspects of:-

Geomorphology
Sequence of strata anticipated
Thickness of strata and 
variations anticipated
Nature of strata boundaries
Strata variability
Groundwater levels and their 
variability
Contamination sources, their 
extent and concentration in 
ground and groundwater, 
potential contamination 
pathways
Structural geology

S21

Define the methods of investigation 
including depth range, size and 
manoeuvrability of equipment, time 
required, relative costs, capabilities 
and limitations

S22

Design ground investigations for a 
range of engineering projects using 
appropriate and cost effective 
methods; preparing cost estimates 
of investigations. 

S23

Recognise the phasing of 
investigations to optimise 
information gathering to suit the 
stages of a engineering scheme for 
example route optimisation, 
preliminary design, detailed design 
and construction.

S24

Design investigations on 
contaminated land including 
sampling techniques and protection 
measures for company personnel 
and the public.

S25 Summarise environmental 
regulations and best practice

DESIGNING THE INVESTIGATIONS

S20

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

Undertake ground investigation 
utilising a variety of  sampling 
techniques, including:

Trial pits and trenches
Window sampling
Augering
Cable tool percussion
Piston sampling
Rotary open hole 
Rotary core drilling

Undertake ground investigation 
utilising a variety of in situ testing 
techniques, including:

Cone penetration testing
Dynamic probing
Plate testing
High pressure dilatometer
Weak rock self boring 
pressuremeter
Dynamic probing 
Shear vane testing
In situ density tests
Standard penetration testing
Plate bearing tests
Pressuremeter testing

Undertake ground investigation 
utilising a variety of geophysical 
techniques including:

Seismic reflection
Seismic refraction
Electrical resistivity and 
conductivity
Magnetometer
Gravimeter
Ground penetrating radar
Borehole sonde geophysics
Crosshole seismic tomography

S29
Utilise geophysical techniques to 
provide seismic acceleration co-
efficients

S30

Describe and log rock/soil material 
and rock/soil masses to appropriate 
standards such as BS 5930 - 1999

S27

S28

Date of Assessment and Level 
of Attainment

S26

CommentsTraining Objectives

FIELD BASED GEOTECHNICAL INVESTIGATION -  SOIL AND ROCKS
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A K  E C

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

FIELD BASED GEOTECHNICAL INVESTIGATION -  SOIL AND ROCKS

S31

Describe and classify rocks and 
soils utilising specialist descriptive 
schemes such as for Chalk, Granite, 
Mercia Mudstone, London Clay, 
Glacial Till

S32
Draw appropriate pit, face and 
borehole logs to appropriate 
standards

S33

Undertake a rock mass 
characterisation including scanline 
surveys, discontinuity surveys and 
general rock mass assessments
Prescribe instrumentation including:

Piezomenters
Inclinometers and tiltmeters
Extensometers
Pressure gauges and load cells
Settlement gauges

S34
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A K  E C

S35
Define a risk-based conceptual 
ground model of a Brownfield or 
potentially contaminated site.

S36 Identify potential contaminants on a 
site.

S37 Determine the nature and extent of 
any contamination on a site.

S38 Identify any hazards posed by that 
contamination.

S39 Identify plausible pathways for 
contaminant movement on a site.

S40 Identify possible receptors of 
contamination from a site.

S41 Detail significant Pollutant Linkages 
associated with a site.
Recognise different phases of a 
contaminated land based 
investigation such as:

Preliminary; Primary non - 
intrusive phase
Exploratory; Limited intrusive 
phase
Main or detailed phase; 
Dominated by intrusive ground 
investigation techniques

Design and specify a contaminated 
land based investigation applicable 
to the assessment phase of a site, 
such as:

Pre – purchase investigation
Preliminary investigation
Exploratory investigation
Main investigation
Supplementary investigation
Method Testing investigation
Performance Testing 
investigation

S44

Design and implement a desk study 
and site reconnaissance programme 
applicable to a Brownfield site.

Categorise and define the 
investigation objectives in relation 
to:

Potential contaminants on site
Existing or proposed use of the 
land

FIELD BASED CONTAMINATION INVESTIGATIONS

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

S42

S43
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A K  E C

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

Potential human targets on and 
in the vicinity of the site
Proximity to, and sensitivity of, 
water bodies
Proximity to, and sensitivity of, 
flora & fauna
Nature of building materials and 
services
Nature of building structures and 
confined spaces
Potential physical and man - 
made pathways
Nature, extent, form, source and 
distribution of contaminants in a 
range of media both on - and off 
- site
Ground temperatures
Levels of microbial activity
Health of existing on - site and 
off - site ecosystems
Water Environment
Groundwater levels, pressures 
and their variation with time
Direction and volume of flow of 
ground and surface water
Abstraction and recharge 
activities having an influence on 
the site
Propensity of site to flooding
Chemical and mineralogical 
quality of ground and surface 
waters including background 
composition in area
Geological strata, composition 
and structure
Primary and secondary 
permeability / porosity
Rainfall and evaporation 
characteristics
Tidal fluctuations
Geotechnics
Physical characteristics of the 
ground
Physical characteristics of 
contaminated matrices
Geotechnical characteristics
Presence of old mine workings

Topography of the site and 
surroundings

S45
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A K  E C

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

Distinguish the risk management 
context of contaminated land 
assessment including:

Purchase, transfer or divestment 
of land and property

Funding, insurance or valuation 
activities
Establishment of potential legal 
liabilities by site owner or 
occupier
Land redevelopment
Implementation of 
environmental and public health 
legislation

S47
Define a testable representation of 
environmental processes on a site 
and its vicinity.

S48
Assess current and potential risks 
presented by a site conceptual 
ground model.

S49 Determine whether remedial action 
is needed.

S50 Define a Formal Safety Policy for 
working on contaminated sites.
Apply appropriate Health and Safety 
measures as defined by current 
regulations such as:

Health and Safety at Work Act 
1974
Control of Substances 
Hazardous to Health 
Regulations 1995 
Management of Health & Safety 
at Work Regulations 1992

Construction (Design & 
Management) Regulations 1994

S52 Implement an ecological 
assessment where necessary.
Initiate appropriate investigation 
management such as:

Quality control
Legislative requirements
Sampling
Real - time measurements
Documenting and recording 
activities
Handling, transport and storage 
of samples

S46

S51

S53
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A K  E C

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

S54

Inform decisions on the nature, 
extent and performance 
requirements of any remedial works.
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A K  E C

S55 Specify and schedule specialist in 
situ groundwater testing including:

Pumping Tests
Flow Tests
Variable Head Tests
Constant Head Tests
Packer Tests

S56 Prescribe instrumentation including:

Piezometers

FIELD BASED GEOTECHNICAL INVESITGATION - GROUNDWATER S

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

Specify and schedule appropriate 
laboratory testing of soil samples 
including:

Moisture Content
Soil Density Test
Atterberg Limit Tests
Grading Analysis (Particle Size 
Analysis)    
Sedimentation Test
B.S. Compaction Test / Proctor 
Test    
Laboratory CBR Test
Consolidation Test    
Swelling Test
Consolidated Undrained Triaxial 
Test 
Triaxial Compression Test
Shear Box Test (Direct Shear 
Test)   
Shear Box Test (Peak Test)
Shear Box Test (Residual Test)    

Laboratory Vane Test
Saturation Moisture Content    
Organic Test (Chemical 
Oxidation)
Organic Test (Loss on Ignition 
Tests)    
Total Sulphate test
Water Soluble Sulphate test
Determination of pH value
Chlorides    
Moisture Condition Value

Specify and schedule specialist soil 
testing including:

Scanning electron microscopy
Small strain triaxial testing
Stress path analysis
Laboratory permeability testing

X-ray diffraction and X-ray 
florescence analysis

Specify and schedule appropriate 
laboratory testing of rock samples 
including: 

Thin section analysis
Moisture Content 

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

LABORATORY BASED GEOTECHNICAL INVESTIGATION -  SOIL AND ROCKS

S57

S58
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Date of Assessment and Level 
of Attainment CommentsTraining Objectives

LABORATORY BASED GEOTECHNICAL INVESTIGATION -  SOIL AND ROCKS

Rock Density Test
Uniaxial Compression Test 
(UCS)
Triaxial Compression Test
Shear Box Test
Indirect Tensile Strength Test 
(Brazil Test)
Point Load Index Test
Slake Durability Test
Swelling Test
Sound Velocity Test
Seismic Velocity Test
Dynamic Modulus Test
Static Elastic Modulus

S60

Recognise the effects of sample 
disturbance, the stress and moisture 
changes that occur in samples with 
time and how these affect the test 
results.

S61 Recognise the effects of sample size 
and fabric on test results.

S62
Specify and schedule tests to mirror 
the stress changes that will occur 
during construction.
Specify and schedule tests used in 
assessing construction materials 
including: 

Los Angeles Abrasion test
Sulphate Soundness test
Aggregate Abrasion Value
10% fines
Alkali Silica Reactivity
Lime Stabilization Testing 
Concrete Cube Compressive 
Strength
Concrete Core Compressive 
Strength 
Concrete Carbonation Testing
Concrete Oxide Testing 
Concrete Chloride Content
Concrete Chloride Content 
Testing 
Cement Content Testing

S63

S59
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A K  E C

Design and specify a contaminated 
land laboratory test programme 
including testing for:
Heavy metals
Cyanides
Asbestos
Semi volatile organic compounds 
(SVOC)
Volatile organic compound (VOC) 
Chlorinated solvents
Total petroleum hydrocarbons (TPH)

Polycyclic aramatic hydrocarbons 
(PAH)
Polychlorinated biphenols (PCB)
Dioxins/Furans
Pesticides/Herbicides
Explosives
Leachability
Biological Oxygen Demand (BOD)
Chemical Oxygen Demand (COD)
Total Dissolved Solids (TDS)
pH
Eh
Specify the usage of specialist 
testing and analytical equipment 
such as:
Atomic Absorption
Gas Chromatography
Induction Coupled Plasma Mass 
Spectrometry
X Ray refraction techniques
X Ray diffraction techniques

S66

Recognise issues of sample 
disturbance, the chemical and 
physical changes that occur in 
samples with time and how these 
affect the test results.

S67 Identify the effects of sample size 
and fabric on test results.

S68
Evaluate the quality accreditation 
framework of chemical testing 
laboratories.

S64

S65

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

LABORATORY BASED CONTAMINATION INVESTIGATIONS
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A K  E C

Specify and schedule appropriate 
laboratory testing of groundwater 
samples including:

TBC
TBC
TBC

S69

LABORATORY BASED INVESTIGATION - GROUNDWATERS

Date of Assessment and Level of 
Attainment CommentsTraining Objectives
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A K  E C

A1
Formulate the problem being 
investigated and select a method of 
analysis that is appropriate.

A2
Utilise appropriate computer 
techniques for data manipulation, 
analysis and presentation

A3

Estimate and communicate the 
precision of results and their 
limitations. Investigate and 
understand the sensitivity of the 
analysis and design method to 
different assumptions or 
simplifications.

INTERPRETATION AND ANALYSIS OF DATAA

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

A4

Undertake an analysis for different 
modes of failure appropriate to the 
design situation and identify the 
dominant failure mechanism.

A5

Undertake an analysis for different 
limit state conditions using 
appropriate geotechnical 
parameters, for example, worst 
credible, moderately conservative or 
most probable.

A6 Undertake and specify a Rock 
Design including aspects of:

Rock slope stability and rock 
bolting 
Tunnel support
Acceptability/suitability of 
materials

Undertake and specify a qualitative 
and quantitative slope stability 
analysis and remdiation design 
including:

Circular methods
Non-circular methods
Infinite slope models
Embankment design
Cutting design
Soil nail design
Reinforced soil design
Landslide stabilisation design

Undertake and specify a Foundation 
Design including aspects of:

Bearing capacity
Settlement/acceptable limits for 
spread footings on clay/sands

Pile design 
Undertake and specify a Retaining 
Wall Design including aspects of:

Bearing capacity/rotation
Acceptable limits
Active/passive methods

Undertake Advanced Design 
Techniques including aspects of:

Finite element/difference 
methods
Distinct element methods

A

A10

A7

A8

A9

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

GEOTECHNICAL DESIGN
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A K  E C

A

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

GEOTECHNICAL DESIGN

Undertake and specify a 
Hydrogeological Design including 
aspects of:

Well/dewatering design
Estimating flow/modelling

A11
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A K  E C

A

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

GEOTECHNICAL DESIGN

Geological controls
Screen/filter design

A12

Specify and utilise appropriate 
computer techniques for 
geotechnical analysis and 
conceptual design

A13
Identify and specify which 
sustainable materials that can be 
used in design
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A K  E C

A18

Undertake an analysis and 
modelling hydrogeological problems 
such as groundwater flow, pressure 
and pollutant migration.

A19 Design and specify a remediation by 
excavation and removal.
Design and specify a remediation 
utilising a civil engineering 
approaches such as:

Containment - cover systems
Containment - hydraulic barriers

Containment - in-ground barriers

Design and specify a remediation 
utilising a biological based 
approaches such as:

Biopiles
Bioventing
In situ bioremediation
Ex situ bioremediation
Landfarming
Composting
Slurry phase biotreatment
Windrow turning
Phytoremediation
Biodegradation and natural 
attenuation

Design and specify a remediation 
utilising chemical based approaches 
such as:

Chemical dehalogenation
Soil flushing
Solvent extraction
Surface amendments

Design and specify a remediation 
utilising physical based approaches 
such as:

Air sparging
Physico-chemical washing
Soil vapour extraction
Soil washing
Electrokinetics
Treatment Walls

A20

CONTAMINATED LAND REMEDIATION DESIGNA

A21

A23

A22

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

CONTAMINATED LAND REMEDIATION DESIGNA

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

Design and specify a remediation 
utilising solidification and 
stabilisation approaches such as:

Cement and pozzolan based 
systems
Lime based treatments
Vitrification
Geochemical fixation

Design and specify a remediation 
utilising thermal based approaches 
such as:

Incineration
Thermal desorption

A25

A24
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A K  E C

HYDROGEOLOGICAL DESIGNA

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

EXTRACTIVE INDUSTRIES DESIGNA

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

Implement construction activities 
including:

Ground anchorages
Earthworks (cut and fill)
Dewatering
Ground improvement
Grouting
Dynamic compaction
Vibroreplacement
Shallow foundations
Piled foundations and pile 
testing methods
Tunnel excavation and support
Surface drainage
Rock slope construction
Construction of remedial 
measures
Remediation of contaminated 
land
Retaining walls
Landslide and slope stabilisation

Geotextile installation
Specify compliance tests including: 

Pile tests
Soil nail pull-out tests
Earthworks density tests

Define the circumstances that may 
lead to variation in contract cost or 
construction period and the need for 
procedures to maintain site records 
on which to evaluate these 
circumstances.
Appraise the problems involved in 
the practical application of design 
and theoretical studies to 
construction

CONSTRUCTION EXPERIENCEA

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

Construct geotechnical risk 
assessments and revise them 
routinely.
Identify hazards of engineering 
significance
Undertake a risk analysis for design, 
construction and maintenance 
identifying project risks, the level of 
risk and mitigation measures.

Monitor and implement risk 
mitigation measures
Define ground related problems in 
terms of their associated risks such 
as:

Project costs
Completion times
Profitability
Health and Safety
Quality and fitness for purpose
Environmental damage

Distinguish and identify sources of 
geotechnical uncertainty such as:

Site Conditions
Soil Engineering Parameters
Unanticipated Conditions
Loading Uncertainties
Seismic
Flood
Other impacts

Identify Geotechnical Specialists to 
supervise hazard identification.
Search for existing information on 
the site and produce a ground model 
to estimate likely ground conditions 
and how much variation is possible.

Identify all hazards and the risks 
they might pose to all foreseeable 
types of construction.
Provide a report to communicate the 
findings to the client, designers and 
builders/ contractors.

Recognise the Client’s role within 
the risk management framework 
including:

RISK ASSESSMENT AND RISK MANAGEMENTA

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

Setting out the fundamental  
construction objectives
Defining risk tolerance
Management of geotechnical 
risks
Investment in good geotechnical 
advice
Applying Geotechnical Risk 
Registers
Undertaking vulnerability 
assessments
Appraising the impacts of 
contract

Recognise the Constructor’s role 
within the risk management 
framework including:

Issues of risk transfer to the 
constructor
Ground related risks presenting 
opportunities
Developing contractual 
frameworks
Starting risk management as 
early as possible
Applying Geotechnical Risk 
Registers
Undertaking geotechnical design 
reviews
Designing temporary works and 
foundation construction
Risk Communication
Conservation and monitoring
Feedback
Reviewing  effectiveness of 
procedures

Recognise the Designer’s role within 
the risk management framework 
including:

Good engineering design
Geotechnical hazard and risk 
identification
Use of risk analysis techniques

Recognising uncertain ground 
conditions
Implementing systematic design

Specifying ground investigation 
proportional to degree of 
geotechnical risk
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A K  E C

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

Recognising limited accuracy of 
geotechnical design calculations

Applying Geotechnical Risk 
Registers
Passing on of information
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A K  E C

P1
Explain the role, purpose and 
functions of the Geological Society

P2

Describe engineering geological 
procedures through statutory, 
technical, financial and commercial 
developments

P3
Apply and advance knowledge and 
methods of engineering geological 
procedures

P4
Maintain a commitment to the 
profession and its institutions, 
clients, employers and the public 

PROFESSIONAL AND GENERALP

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

M1 Detail the Employer’s Business 
Strategy and its key objectives

M2
Describe Quality Systems and apply 
Quality Systems and the 
management of Project Plans

M3

Manage and apply safe systems of 
work with reference to the Safety 
Management Systems and be able 
to operate safety equipment

M4
Describe how projects are promoted 
and financed:  how funds are 
obtained and managed

M5
Plan, manage and monitor human 
and physical resources in the 
implementation of a project

M6

Detail the project and quality 
management systems for budgeting, 
registering and monitoring project 
costs and for the maintenance of 
project profitability

M7
Detail the procedures that relate to 
the preparation and checking of 
drawings, calculations and reports

BUSINESS MANAGEMENT AND COMMERCIALM

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

L1

Describe the duties and 
responsibilities of the parties in a 
contract and the role of the 
participants in the work (the 
Engineer, Supervisor, etc)

L2

Explain the components, purpose 
and practical application of tender 
documents, the tendering process 
and award of contract

L3

Explain the use of technical 
specifications for geotechnical 
activities such as ground 
investigation, quarry workings, 
grouting of mine workings and 
earthworks

L4

Take off quantities and prepare bills 
of quantities using appropriate 
methods of measurement 

L5
Explain the system for recording 
data issued to and received from the 
contractor

L6
Describe the contractor’s 
organisation and the main duties of 
the contractor’s staff

L7
Detail the procedures for 
measurement, valuation and 
certification of payments

L8

Describe the circumstances that 
may lead to variation in contract 
cost or construction period and the 
need for procedures to maintain site 
records on which to evaluate these 
circumstances

L9
Define the problems involved in the 
practical application of design and 
theoretical studies to construction

LEGISLATION AND CONTRACTS L

Date of Assessment and Level 
of Attainment CommentsTraining Objectives
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A K  E C

LEGISLATION AND CONTRACTS L

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

L10

Supervise geotechnical operations 
(which may be investigation or 
construction) on site, including their 
organisation, control, monitoring 
and conformance with the 
specification
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A K  E C

H1
Construct health and safety risk 
assessments for site visits, for 
design and construction

H2 Obtain CSCS certification or similar

H3 Implement health and safety 
regulations into work

HEALTH AND SAFETYH

Date of Assessment and Level 
of Attainment CommentsTraining Objectives

%&����%&



Giles, D. P., Whitworth, M. C. Z. & Poulsom, A.J. (2008). The development of 
fieldwork problem-based exercises in the Applied Geosciences. Planet, (20), 37-40. 



Planet issue 20 37 June 2008

Abstract

This paper will outline the development and

continual enhancement of a suite of field-orientated

problem-based exercises with associated suitable

field sites for the applied geoscience courses at the

University of Portsmouth. The two principal degree

pathways considered are BEng Engineering Geology

and Geotechnics and BSc Geological Hazards.

Some of the material developed is being enhanced

further for use on the MSc Geohazard Assessment

and MSc Engineering Geology programmes.

These exercises developed include innovations

in the learning, teaching and assessment of

the field-based skills required of a modern

applied geoscientist. The key aspects of student

engagement, lateral thinking skills and resource

use are developed within these field-based

programmes and associated scenario-based

exercises.

Introduction

Geology and Applied Geology are principally field-

based disciplines. For undergraduate students the

‘field’ could be considered as their most significant

learning environment.

For over 40 years staff in the now School of Earth

and Environmental Sciences at Portsmouth have

developed and led fieldwork programmes, yet

despite this long experience very little work has

been undertaken in the research and learning

development of this work outside of the actual trips

themselves. All such development has usually been

undertaken during the ‘live’ field visits with the

undergraduates. Very little time was available in

the field for the reconnaissance of new potentially

more suitable sites for the exercises. Over this

period the field-based learning has progressed from

simple ‘lectures in the field’ to more sophisticated

student-orientated exercises that have been

designed to develop more individual skills such

as self-reliance; the ability to work in teams;

and the ability to organise, manage and report a

field-based programme of investigation, all based

around a variety of geological settings and applied

geoscience problems.

The Development of Fieldwork Problem-Based Exercises in

the Applied Geosciences

David Giles, Malcolm Whitworth and Andrew Poulsom

School of Earth and Environmental Sciences, University of Portsmouth

Increasingly, we are using problem-based exercises

to develop these key skills that are required of a

geoscientist such as engineering geologists and

geological hazard specialists graduating from

the School. A portfolio of such exercises is now

available in its initial form. This is undergoing

further development and research to engage the

participating students, to further refine these

innovations in learning, teaching and particularly

assessment in this field-based environment.

The current Applied Geoscience fieldwork

programme at Portsmouth is a major element of

the degree pathways and comprises some 75 to 80

days spread over the three years of the courses.

The emphasis in the first two years is strongly

towards providing the observational, recording,

synthesising and problem-solving skills required

of a modern applied geologist. Areas such as the

Isle of Wight, Dorset, North Devon and Kent are

currently visited in the UK, with overseas trips to

various regions of France and Spain.

The courses culminate in a study tour of geological

hazard and engineering geological sites (currently

in France) that integrate the various strands of the

pathways and provide an overview of the diversity

of geological hazards and engineering geological

problems in the natural world.

Level 1 Applied Geoscience Programme

The Level 1 field programme is principally

concerned with introducing students to basic field

geology and no previous geological experience or

knowledge is assumed.

At the end of the year, the students embark on

their major field course for the session, which is an

extended trip, developing further field geology and

introducing basic geological mapping techniques.

Currently this work is undertaken in the Sierra

Norte Mountains close to Madrid. This more exotic

location, compared, for example, to the more

conventional sites such as the Lake District, acts as

a major incentive for students throughout their first

year at the university.
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Level 2 Applied Geoscience Programme

The Level 2 field programme is primarily a series

of techniques-based trips where the fundamental

applied geoscience field skills are developed.

These skills include Quaternary sediments logging,

geomorphological mapping, rock mass assessment,

discontinuity surveys and thematic geohazard

assessments.

Level 3 Applied Geoscience Programme

At Level 3 more specialised fieldwork is undertaken

with the focus on the integration of the applied

geoscientific skills developed within the Level 2

programme.

Locality Activity

St Catherines, Isle of Wight Introduction to landslide geohazards.

Isle of Portland, Dorset Continuing the theme of geohazard assessment with specific reference to slope

instability and landslides.

Lyme Regis, Dorset Introduction to geomorphological mapping.

Whitecliff Bay, Isle of Wight Introduction to basic field geology.

Sandown Bay, Isle of Wight Developing field geology skills including an introduction to stratigraphic logging.

Lulworth Cove, Dorset Introduction to geological mapping.

Sierra Norte, Madrid, Spain A 12-day trip to further develop lithological mapping techniques including the

generation of a geological map.

Table 1. Locations and activities undertaken for the Level 1 Applied Geoscience fieldwork programme.

Locality Activity

North Norfolk A 3-day trip investigating at the glacial geology and geomorphology of a former

ice-sheet margin. Activities include geomorphological mapping and glacial

sediment logging.

Bath, Malverns & Cotswolds A 3-day trip firstly considering aspects of periglacial geology around Bath. In

the Malverns the key exercises are the development of rock mass assessment

techniques. Students undertake a number of exercises aimed at characterising

a rock mass in terms of its strength and engineering behaviour. At Broadway

in the Cotswolds geomorphological mapping techniques are introduced on the

Cotswold escarpment.

North Devon More aspects of geological field skills are developed in this 3-day trip,

specifically with regard to palaeoenvironments and sedimentary depositional

basins.

Meon Valley, Hampshire Hydrological techniques and flood hazard assessment.

Osmington Mills, Dorset Stratigraphic logging techniques.

Villerville, Normandy Students undertake a more advanced geomorphological mapping and

geohazard assessment exercise, fine tuning their field techniques before

embarking on their summer field data collection for their final year projects.

Table 2. Locations and activities undertaken for the Level 2 Applied Geoscience fieldwork programme.

Locality Activity

Kent A 3-day trip to Kent to study various aspects of the landslide and slope stability

geohazards.

Ventnor, Isle of Wight A 2-day trip to the Isle of Wight considering aspects or urban landslides and

slope instability within the town of Ventnor.

Barton on Sea, Dorset A site visit considering aspects of coastal management and protection along

this stretch of Dorset coast.

France The culmination of all of the Applied Geoscience degree pathways is a 2-week

study tour to France. Areas including the Auvergne, Provence and the French

Alps are visited, where a variety of geohazard, engineering and environmental

geological problems are considered.

Table 3. Locations and activities undertaken for the Level 3 Applied Geoscience fieldwork programme.
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Problem-based Exercises

Increasingly, the focus of these fieldwork

programmes has been to introduce specific

‘problems’ associated with the area visited that

applied geoscientists might need to solve. These

problems could be real, for example, a by-pass for

the Cotswolds village of Broadway, or they could

be hypothetical, such as a deep level nuclear waste

repository for the Malvern Hills. Table 4 outlines

the current portfolio of these ‘real world’ exercises

and Box 1 gives an example of the problem set for

the Villerville exercise. Increasingly, the field-based

activities are being supplemented with pre and post

workshops at the University in Portsmouth.

Locality Exercise

Broadway, Cotswolds An option-engineering problem considering a suitable route for a by-pass

through landslide prone terrain.

Malvern Hills An exercise in characterising an area to test its suitability for a radioactive

waste disposal site.

Folkestone Warren, Kent An exercise involving an insurance claim from a homeowner living on top of the

Folkestone Warren landslide complex.

Lac du Castillon, Provence, France A road improvement scheme through a hard rock terrain, dominated by

structural geological problems leading to major rock falls onto the carriageway.

Claps du Luc, Drome, France A seismic forensic problem to ascertain whether a major landslide was

seismically triggered or was caused by other factors.

Boulc, Drome, France An exercise to establish why a tunnel was constructed to re-establish the route

to several remote villages, on the site of a total failure of a remote road.

Malpasset Dam, Frejus, France A geotechnical forensics exercise to establish why the dam at Malpasset failed

and to investigate the feasibility of reconstructing a new dam at the same site.

Sinard Landslide, Isere, France An exercise to establish the limits of instability, construct a ground model of the

problem, and promote engineering or other solutions to deal with the hazard

of a major landslide complex (if affecting several villages and the reservoir to a

major dam).

Overstrand, Norfolk Another insurance based problem with the student being required to evaluate

a coastal landslide complex and determine who should be responsible for the

remediation.

Villerville, Normandy, France Geomorphological terrain evaluation and hazard assessment exercise

considering a new route for a coastal road.

Table 4: Some examples of the current portfolio of problem-based exercises in the applied geosciences.

Box 1. Example of a Problem Based-Exercise in Villerville, Normandy

Geomorphological terrain evaluation and hazard assessment of the Villerville-Cricqueboeuf region,

Normandy, France.

1. Location

This investigation will concentrate on a section of the Calvados coast in Normandy, France, between the towns

of Villerville and Hennequeville, an area that has been repeatedly affected by landslides. The site is of particular

interest following a particularly intense rainstorm, which produced a sequence of slope failures and the presence of

a large-scale coastal landslide complex, which has resulted in the total or partial destruction of local buildings and

road infrastructure.

2. Scope of the investigation

Following an intense rainstorm in May 2003, several towns on the Normandy coast experienced severe flooding

and a number of landslides occurred in the Villerville region, resulting in significant damage to local infrastructure

and housing. The problems have been further compounded by the presence of a series of active coastal landslide

complexes in the region.

As a result, Portsmouth Geomorphological Services has been commissioned to undertake a rapid terrain evaluation

and hazard assessment of the coastal area between Villerville and Hennequeville, and produce a series of maps and

short reports for the local planning team. As part of this investigation, you will work in teams of four and undertake

a rapid reconnaissance of the area over three days to collect field information from which a hazard and risk

assessment will be produced.

Planet 20 text.indd 39Planet 20 text.indd 39 25/06/2008 09:51:26:25/06/2008 09:51:26:



Planet issue 20 40 June 2008

Student Feedback

As part of the evaluation and review of the

developed field programmes, students were asked

to provide more ‘colloquial’ feedback than would

normally be provided via the University’s formal

unit-based feedback system. While away on the

trips, they were asked to complete a series of daily

fieldwork logs or ‘Flogs’ (aka Blogs!) containing the

following:

• What I enjoyed and thought was good

about the field day

• What I didn’t enjoy about the field day

• How I would improve the field day if I was

running the course

The returns were generally much higher than

with the more formal system. Generally, the

comments were positive and, interestingly, virtually

no students commented on how to improve the

various trips. They very much enjoyed the group

and problem-based work, commenting that it

was good to experience and put into practice

what they had learnt in the campus based lecture

programme. Apart from the usual complaints about

the weather, the hotel food and, surprisingly, some

concerns about being cut off by the tide, and staff

minibus driving, the main issue raised were about

trip preparation. Many students felt that a more

formal classroom briefing would have been helpful,

together with some preparatory reading and

references. Several of the field courses have pre-

reading lists, but not all. None of the fieldwork has

an explicit technical briefing session before arrival

in the field area. Once in the field, the students

very much liked being left to organise themselves

and get on with the problem-based tasks. They

enjoyed the teamwork and dealing with real

problems. They liked ‘working it out for themselves’

with appropriate support from the staff. The

main skills issues that they brought up were

concerning some basic map reading problems,

dealing with the more systematic and perhaps

tedious tasks, such as logging and understanding

the difference between concave and convex when

geomorphological mapping!

Conclusions

Applied geoscience fieldwork lends itself well to

problem-based exercises. The students greatly

enjoy the scenarios that are set and benefit

from the team-based approach to solving the

various problems. The field remains the key

learning environment for geoscience and should

be considered as their most significant learning

environment, where the integration of all of the

major learning skills can be integrated in an

interesting and innovative manner.
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Plate 1. Students developing a series of applied

geoscience skills in the Malvern Hills. Rock mass

assessment, discontinuity surveys and scan lines together

with some basic field surveying techniques are taught.

Plate 2. The seismic forensic exercise at the Claps du Luc

landslide, Drome, France.
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