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ABSTRACT
Metropolitan areas are one the fast-growing urban metropolis in Sub-Saharan Africa
with respect to both demographic densification and expansion of the built-up
environment. The sprawling nature of Metropolitan Accra has also resulted in various
human activities such as settlement, stone quarrying, and sand mining. The resultant
effect is the exhibition of signs of mass wasting in the metropolitan area for some years
now. Mass wasting refers to the wide variety of processes that result in the downward
and outward movement of slope-forming materials including rock, soil, artificial fill, or
a combination of these. The study employed a mixed-method approach to ascertain the

triggers of mass wasting in Metropolitan Accra. Specifically, the study assessed the

vulnerability le g and presented some

recommendatic yondents were used for
the study: 124 2s. The results further

showed that th espondents in the study

communities pacts making majority

of responds in led that respondents at
the summit of ass wasting than those
along the slope 2 slope and base of the
slope are perce 2Nts. The findings again
revealed that jor r ' part of Ga South were less
prone to ma mpared to those of the southe ", os:ed to high risk of

&E\E@Eﬂiﬁﬂ@ﬁ@%y low icfrhass wasting with

the interior part accounting for some major high-risk zones. The study suggested some

mass wasting. Weija-

recommendations for policy considerations to help manage the event.
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CHAPTER ONE
BACKGROUND OF STUDY

1.0 Introduction

The topic of urban settlements and their exposure to damage caused by environmental
hazards, in the past decades, has become a major research subject in both the social
sciences and the natural sciences. Its transdisciplinary relevance comes from the fact
that in many past scenarios catastrophic events were linked to multiple interrelated
factors (Simon, 2019). A wide range of urban hazards such as floods, earthquakes,
volcanic eruption and mass wasting pose a potential threat to the security of people

living in cities and municipal areas. Over the last decades, the study of mass wasting

processes on s ey are eradicating the

successes of d y occur naturally in all

parts of the of slopes to changing

conditions (Ra , 2012). Mass wasting

“describes a ywnward and outward

movement of . artificial fill, or a

combination o eral term covering all

natural process oved by gravity from

one place to ano )id movements in which

soil or uncon eral uni on asingle or many

(=)

term mass movement anq'

JHTE—GF?_I P FIE_IGEEH:-H"JE_ :

slip planes

.,

synonymously.

Mass wasting, among the various geologic hazards, are considered as one of the most

serious geologic hazards and the third most crucial natural disaster, which threaten and
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influence the natural and socio-economic conditions of many countries and the world
at large (Abdallah, 2007; Igwe and Una, 2019; Schuster and Highland, 2007; Tofani,
Segoni, Agostini, Catani, and Casagli, 2013). It is responsible for significant loss of life
and injury to people and their livestock as well as damage to infrastructure, agricultural
lands and housing (Perera, Jayawardana, Jayasinghe, Bandara and Alahakoon, 2018).
Between 1990 and 2006 landslides caused more than 100,000 fatalities worldwide
(Oven, 2005). Like other natural disasters where restoration can occur, mass wasting
usually create permanently unstable sites that often are suitable only for designation as
un-developable open space (Burke, Sattler and Terich, 2003). In cases where
reconstruction is possible, solutions are often complex, expensive, and unfortunately,
rarely work.

Mass wasting material composition

and speed of stated that, the rates of

mass wasting oid translation of large
volumes of m n, Kerle, and Kingma
(2011) three ( d by van Westen et al.,
mass wasting C (rapid or slow), type of
movement (fall, ed (rock, debris or soil).

Hazards associ . a function of the

_ P—
INTEGR| PROCEDAMUS I
The occurrence of mass movements depends largely on driving and resistant forces

(Balsubramanian, 2011). Every mass standing on a slope possesses these forces. The

standing mass has the driving force due to its weight. The slope and substratum have
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the resisting force (Kusky, 2008). Slope stability depends on the equilibrium between
the driving and restoring forces that act on potentially unstable soil mass. The driving
forces acting on slope material, including gravity, result in a shear stress that must be
counteracted by the available shear strength (van Beek, Cammeraat, Andreu,
Mickovski and Dorren, 2008). In summary, when the driving forces
(example: shear stress) overcome resisting forces (example: shear strength) the slope
will fail thus causing mass wasting. Also, the steeper the slope’s angle, the greater the
component of force acting parallel to the slope and the greater the chances of mass
wasting. The steepest angle that a slope can maintain without collapsing is its angle of

repose. It is at this angle that the shear strength of the slope’s material exactly

counterbalances ‘06).

Sahin (2004) | provocation such as

water, earthqu ediate reaction in the

form of a mass ducing the strength of

slope material on slope (Geological
causes), morp ght or forest fire) and
of slope, loading of
_ rations from explosions
obrowsky, 2008).

|
or example, mass

wasting and floodlng'ler Eﬁﬁifﬂ&&:ﬁ%ﬂ%ﬁ 2y occur due to heavy
precipitation, runoff, and ground saturation (Mahmood, Qureshi, Tariq, Atique and
Igbal, 2015; Sahin, 2004). Debris flow usually occurs in small, steep channels and are

often mistaken for floods. Mass wasting and lateral spreads often result from seismic
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activity (Mahmood et al., 2015). Consequently, the simultaneous or sequential
occurrence of different hazards may produce cumulative effects that differ significantly
from those expected from a single event. This is of critical importance in defining
factors related to the occurrence of a given type of mass movement (Saha, Gupta and

Arora, 2002).

The incidence of mass wasting and seismicity of East Africa has been attributed to the
existence of the East African rift valley system. In West Africa, incidence of mass
wasting is relatively low compared to the East with incidences occurring in Cameroun

and the Benue state in Nigeria (Midzi et al., 1991 as cited in Adu-Boahen, Dadson, and

Yike, 2020). | s far back as the 1930s.

The first incid 33 on a section of the
Akwapim-Tog , & mass wasting event

released about on near Jamasi in the

Sekyere Distric J for a total of ten days.

The Kasoa-\\Ve ass wasting, resulting
in a significant 019 experienced some
form of debris e for usage (Atarigiya,

2016). These re call for researchers and

hence this study. It is n be directed to evaluating
the full rang%;f lal mass wasting hazards for theja 7 |'sk assessment.

TEGHJ F HGGEDAHL!E
1.1 Problem Statement

The Greater Accra Metropolitan Area (GAMA) is one of Sub-Saharan Africa’s fastest-

growing urban conurbations in terms of both demographic densification and built-up
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area (Mgller-Jensen, Agergaard, Andreasen, Oteng-Ababio, and Yankson, 2020).
According to G. S. S. (2014), the municipalities have an intercensal growth rate of
about 3.1%. Factors such as immigration and natural population growth contributes to
its growth and expansion. This has rendered areas that were previously neglected and
considered unsafe (earthquake and flood prone areas, steep slopes)to be gradually taken
over putting the populace in harm’s way (Simon, 2019). The sprawling nature of
Metropolitan Accra has also resulted in various human activities such as settlement,
stone quarrying, sand mining (plate B) and the likes (Adu-Boahen et al., 2020). This
has resulted in the cutting of the slope basement, increasing the steepness of the slope

and the possibility of mass wasting in the area. The springing up of buildings on and

around the hill 2d on the slope and the

removal of the e and vulnerable to the
incidence of m 2005). Activities from
sand winning ¢ J holes that can collapse
at any point in ctivities also occurs in
Accra (Ampo eija hills area is close
to the boundar al region, a point where
fault lines inte se fault systems are an

extension of th ‘ Brazil to Africa across

the equatoriagéétln o

| ﬂ'EL —
~——1INTEGR| PROCEDAMUS I
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Source: Google earth
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Notwithstanding the increased volume in academic literature on different aspects of
mass wasting science such as; triggers of mass wasting (Adu-Boahen et al., 2020;
Bradley et al., 2019; Nelson, 2013; Saemundsson, Petursson, & Decaulne, 2003),
perception related to mass wasting (Adu-Boahen et al., 2020; Calvello, Papa, Pratschke,
& Crescenzo, 2016; Chiu & Eidsvig, 2017; Setiawan & Hizbaron, 2014); mass wasting
studies using GIS and Remote Sensing (Cao et al., 2019; Nugroho, 2012; Pacheco and
Suérez, 2014; Saha, Gupta and Arora, 2002; Sharma, 2008) mass wasting hazard
mapping, risk assessment and management (Castro, 2013; Dahal and Dahal, 2017
LaPorte, 2018; Lee and Pradhan, 2007; Oven, 2005; Parkesh, 2012; UNISDR, 2016)

and impacts and effects of mass wasting (Geertsema, Highland, & Vaugeouis, 2009;

Gracheva & Murray, 2015; Selby,

2012), demon h and requires further
investigations
a. Additi ) re prone or not mass
wasting
b. z icles, ana.
pecially researches on

and causes and impacts

etropolitan Accra,
h

evels, risk perception in
terms of experience, preparedness, causes and impacts, providing a more holistic idea

of the occurrences of the hazard in the area.
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1.2 Research Questions
a. What are the principal causes of mass wasting in the study area?
b. Where are the zones with the greatest mass wasting vulnerability?
c. What are the impacts of mass wasting in the study area?
d. How safe are the respondents in the Ga South and Weija-Gbawe Municipalities?

e. What are some of the strategies that can be adopted to manage mass wasting?

1.3 Research Objective

The main objective of this study is to determine the triggers of mass wasting in

Metropolitan Accra.

The findings o causes and impacts of

mass wasting itly benefit researchers

especially th ving as a referral

material. iIt in the promotion of mitigatiﬂ

INTEGRI PROCEDAMUS |

Additionally, the findings of this study will also aid in the sensitization of stakeholders

for improved management measures and proper urbanization measures as this will help

in resource allocation. It will assist stakeholders in identifying and delineating unstable
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hazard prone areas, so that environmental regeneration programmes can be initiated,
adopting suitable mitigation measures. It will also go a long way to help planners to
choose favourable locations in the municipalities in when it comes to siting
developments, townships, dams, roads and others and restrict new developments in
hazard prone areas. further, the study will help the government in quick decision
making for rescue and relief operations and provide researchers information on mass

wasting.

1.5 Thesis Structure

The study is arranged in six chapters. The first chapter will introduce the study, the

problem state ' conclude with the

ncluding mass wasting
vulnerability, remote
ith a review on disaster
“pressure and release”

this study.
ethodology of the

m'ethods, sampling

The fourth chapter analyses and discusses the vulnerability levels of respondents on

mass wasting while chapter five looks at residents’ perceived risks of mass wasting.
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Chapter six discusses some recommendations for policy discussions and the final

chapter presents the summary of key findings, conclusion and recommendations.

1.6 Chapter Summary

This chapter presents the general introduction of the problem statement with some
research questions and the objectives of the study. It also stats the significance of the
study and the arrangement of the study. The next chapter is dedicated to the review of

related literature, theoretical and conceptual frameworks of the study.

10
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CHAPTER TWO
LITERATURE REVIEW
2.0 Introduction
The chapter presents literature vital to the understanding of mass wasting, a challenge
facing most urban communities. The central theme of the chapter is the discussion of
the classification, causes of mass wasting, its impacts and human vulnerability. The
chapter again looks at the use of the Remote Sensing (RS) and Geographic Information

System (GIS) techniques in mass wasting hazard assessment.

2.1 General Overview of Mass Wasting

\pfli (2011) is a general
term describin Y | g sedi ock under the pull of
gravity withou porting medium. 1S Ural hazar t could result in severe
damages and 3 tational force acting on
a mountain ove h works to keep rocks
and soil in the cohesive strength and
internal frictig ountain slope's shear
strength. Any ntain slope could lead
to mass wasti' ial losses as well as

numerous fatalities a in settlements built on

-
gently slopl ' : : , their *.-. e |n places prone to

other natural disas eréﬁiﬁﬁﬂiﬁﬂmm%ém eruptlons obscures their

full impact, resulting in unreported losses. Rapid, short-lived events, a slow-moving

slide mass, or imperceptibly slow-moving soil creep are all examples of mass waste.

They represent substantial short- and long-term direct and/or indirect risks. The damage

11
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of structures that sustain transportation, parks and recreational places, residential and
commercial buildings, sewage, and dam supplies are the most evident direct

repercussions.

The formation of instability in the slope system is required for the operation of mass
movement processes. The gravitational force is the most common source of stress
(Rudolf-Miklau, Bak, Schmid, and Skolaut, 2011). The steepness of slopes, the
lithological quality of slope materials, and the amount of water in the material are all
elements that influence mass motions. The angle of friction and cohesiveness are the
two most significant characteristics in mass movement. The gravitational force's

magnitude is

f slope sediments and

.......... ... (1)

ccurring at some point

The relationsh hat make up the slope

and their intri hen stresses surpass

internal streng

resistance, nggh IS
provides in TH'

Beek et al., 2008) Pé

al., 2011). Frictional

ent of the particles,

aioF HWEQ&ME{ e avallablllty of moisture

in the soil, is obtained by slopes made up of silt and clay particles. Rock slopes generally
have the greatest internal strength due to the crystalline structures (van Beek et al.,

2008).

12
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2.2 Classification of Mass Wasting

There are various classifications of mass movements dating back from the olden days
till this present era (Abdallah, 2007, van Beek et al., 2008). The classification of mass
wasting mostly relies on the motion and mechanism of it happening, but a more
complex combination of processes of mass movements prevail in reality. Kusky (2008)
argued that too much complex a classification would be ineffective. Hence three
principal types of movement will be discussed — slide, fall and flow, and are classified
depending on type of movement, type of material being displaced, moisture content,

type of strain and failure and rate of movement (Abdallah, 2007; Nelson, 2018).

2.2.1 Slides

Slides can be predominantly planar

shear surfaces is concave-up (Lucia,

2014). Transla its, particularly where

there are interk reased by the presence

of marls, and Rotational movement

commonly occ sandstones, weathered

basalts and the sult in the upper part of

the slumped me (Malamund, 2014).

There have area and parts of

]

cc;untry (Table 2.1;
s e T 1
Table 2.2;q;‘-i§jure; 1‘;‘;;‘@“1 P HGGE(D%I:#J?_.

_—_

13
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Table 2.1: Classification of mass wasting

Types of movement

Materials in motion

Moisture content

Nature of movement

Rate of movement

Source: Adopted from Abdallah, 2007

e -J . 2
_ INTEGR| PROCEDAMUS T
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Translational Rock slide Unfractured rock mass Shallow slide approximately parallel to ground surface of |[Very slow to
coherent rock mass along single fracture extremely rapid
Rock block slide Fractured rock mass  |Low Shallow slide approximately parallel to ground surface of |Moderate
fractured rock
Debris/earth slide Shallow slide of largely deformed masses of sail Very slow to rapid
Rock or soil debris Low to moderate
Debris/earth block slide Shallow slide of largely undeformed masses of soil Slow
Rotational Rock slump Rock Low Rotational movement along concave failure plane Extremely slow to
o moderate
% Debris/earth slump Rock or soil debris Moderate Slow
Rock fall ividual blocks from vertical faces Extremely rapid
Debris/earth fall of cohesive units of soil from near-vertical faces [Very rapid
= er banks
o
Rock flow ic deformation of rock, or soil Very slow to
extremely slow
Debris flow Ily focused into pre-existing drainage lines Very rapid
Slow longated flow Slow
E Earth flow Rapid lapse and lateral spreading of soil following \Very rapid
L nce, often by an initial slide
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a) Rock slide: Down slope movement of rock
material along a bedding plane, joint or other
discontinuity of structural weakness

c) Debris earth / block slide: Movement of
soils and loose rock fragments

g) Debris flow:
fragments, soil,

Figure 2. H
Source: A}

b) Rock block slide: Movement of large blocks
over a layer of weak, plastic material (such as
clay or shales)

d) Rock and debris slump: Rock slump is a
movement of a coherent body of rock along
a curved rupture surface

ck flow: A downslope migration of surficial
nd loose rock fragments

baqueous earth flow: flow of saturated
d or silt beneath surface of lake or ocean
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Table 2.2: Occurrences of mass wasting events in Ghana

Year Region Type of mass [Corresponding number
movement  |of mass wasting event
Slides Falls |Flows
1933 Akwapim-Togo ranges Mass wasting |1
1959 Saltpond bypass Mass wasting
1960 Cape Coast by pass Mass wasting
1960 Cape Coast by pass Mass wasting
1961 Cape Coast by pass Mass wasting
1961 Kumasi- Obuasi road mile 18 |Mass wasting
1961 Kumasi-Obuasi road mile 21 |Mass wasting
1961 Kumasi- Obuasi road mile 22 |Mass wasting
1962 Sekondi college face Mass wasting
Not known  |Sekondi residency face Mass wasting
1962 Agona Akim road mile 7 Mass wasting
1962 Agona Akim road mile 10 Mass wasting
1962 Agona Akim road mile 9 Mass wasting
1962 Agona Akim road mile 13 Mass wasting
1963 Mpataba Elubu road mile 17 Mass wasting
1963 L
Not known e S
Not known i Accy ile 6. SS wa
Not known si Accr ile 3. ass was
G P
Not known i-Ma ad mi SS Wi
Not known as of S
or .
Not known
1969 I ama a
1972
March, 2005
June, 2010 e- LV or wa
October, SI
2010
October, ur
2012
June, 2013 asoa- s
October, Eidyase-Ayi ' ock fall __ W= 1
2018 e E"h;
October— .. |Pe apﬁéﬁ a 8 ) ing2 . 1
November, % ’ ﬁi Eﬂsﬁa&E C%f?@?d
2019
June, 2019  |[Kasoa— Accra Highway Mudslide 2

Source: Ayetey, (1991); GhanaWeb, (2019); News Ghana, (2015a)
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2.2.2. Falls

Falls occur when masses of rock or other material detach from a steep slope or cliff
and descend by free fall, rolling or bouncing (Abdallah, 2007). Falls are generally less
frequent than slides in the study area and in the country as a whole (Table 2.1; Table
2.2; Figure 2.1e, Figure 2.2). Falls generally occur quite suddenly with very high
velocities. Large rock falls originating from a considerable height above the ground
spread their debris over an extensive area unless the dispersal of material is confined
by topography. This is very treacherous in mountainous area (Bathurst et al., 2003;
Carere and Ratto, 2001; Fard, 2001). The highest rock fall hazard exists when joints
and bedding planes are inclined at a steep angle, as is the case of the highly folded

sedimentary r

2.2.3. Flows

Debris and vi

planes) (Table
to move faste s a huge earth flow in
Aagoura area low (Abdallah, 2007).
Although the | and to that extent is

predictable, the , mean that they tend to

claim more Ii;gs: tha

Ji TEGFH FHGGEDME
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Source: Googl

2.3 Factors c
The study of actors that affect their
occurrence. M h can occur as a result
of sudden or pes and properties of
underlying bec ction of slope, type of
vegetation, am tion, placement of cuts
and fills, and the

activities @in% clear

as potential mass wa initiators. Some of these fact

~—1INTEGR| PROCEDAMUS T

Jain, certain management
monly perceived

explai[med below.

2.3.1 Climate and Water
Climate influences the amount and state of water in the form of snow or water. It also

influences the type and amount of vegetation (James, Harden, and Clague, 2013). This
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means that it “regulates” the addition or expulsion of water to increase or decrease the
rate of slope failure and also the growth of vegetation which retards the power of
erosion and mass wasting on a slope. Slope saturation by water is a primary cause of
mass wasting. Saturation can occur in the form of intense rainfall, snowmelt, changes
in ground-water levels, and surface water level variations along coastlines, earth dams,
and in the banks of lakes, reservoirs, canals, and rivers (Guzzetti, Peruccacci, Rossi,
and Stark, 2005; James et al., 2013). A study by Oven (2005) and Alexander (2005)
revealed that, the predominant trigger of mass wasting activity was highly intensified
and prolonged rainfall, with earthquakes and volcanoes being the far less frequent

triggers.

Highland and nd flooding are closely

allied because aturation of ground by

water. Mass sting dams that block

valleys and str 0 back up. This causes

backwater floc tream flooding. Alam

(2020) also cc se of mass wasting in

Rangamati and Bangladesh. According

to Alcantara-A ‘ d as the main trigger of

mass wastin ed earthquake since

e

019) added in their

seismic a_ctl : on on a regional level. lgwejan
studies at Nanka, ngsxaaﬁﬂﬁﬁmﬁwyé

season, and are triggered by water infiltration in slopes with high gradient, where poorly

‘mainly during the rainy

consolidated sands overlies less permeable silty clay units in the Nanka Formation. The
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increase in pore water pressure due to soil saturation leads to the reduction of the shear

strength and loss of apparent cohesion.

Sahin (2004) studied the relationship between the amount of rainfall and frequency of
mass wasting events and also established that increase an in the number of mass wasting
coincided with the period of increased rainfall. Guzzetti et al. (2005) reported that the
degrees of severity of Himalayan mass wasting are increasing due to heavy or
prolonged rainfalls, earthquakes, or both. It was reported that the majority of the mass

wasting occurred when daily rainfall was higher than 200 mm.

2.3.2 Geology
Geological ch lling factors of mass

wasting, since rates. Weak rocks like

sedimentary ra leous and metamorphic

rocks (Ameer ¢

Abdallah (200 t in areas where clayey

rocks (clay-sta aterials outcrop. Thus,

higher soil clay ) susceptibility. This is

al particles can cause mutual
| 1]

repulsion fo i ses friction between mass wasting causing particles especially

when saturated WIth‘e\’laTeE.'GHi:F ﬂwmﬁwga\]ished“t‘hm mass wasting

mostly occurs on clay soils. The author further added that, higher clay fraction is more

because the

susceptible for landslides due to its extreme expansion potential. Guzzetti et al. (2005)

further stated that, increase in soil moisture (especially soils with high clay contents)
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due to rainfall reduces the cohesion of the soil particles. The excess moisture present in
soils exerts pore water pressure making steep slopes vulnerable to landslides, under

adverse climatic conditions.

2.3.3 Topography

The steeper the slope, the more likely it is to fail and the easier it is to upset equilibrium.
Most mass movement occur along slopes that are 20° or 25° steep (Cardinali et al.,
2002; Carrara et al., 2003). In addition, slope aspect is strongly affected by the
microclimate and vegetation cover, thus influencing soil development and mass

movement intensity. ‘Slope aspect defines the direction of slopes and reveals potential

effects of prev ath S ¢ ent solar radiation. The
tity or intense rainfall,
the soil gets ¢ infiltration capacity,
controlled by s ) and vegetation cover’
(Psomiadis et & prone to mass wasting
because gradie (Fard, 2001).
2.3.4 Vegetati
‘Vegetation an d

f the plant life growing

on slopes to e slope he relationship is a

-
&) nt species present,

the slope aspect and‘d?et% EBEHBEQM A grlcultt]re Organisation of

the United Nations, 2007). Vegetation limits the movement of the debris present along

slopes in two folds, that is, hydrological (capacity of infiltration into the soils, soil

moisture, groundwater level and others), and mechanical (root length) (van Beek et al.,
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2008). Through reinforcement, roots mechanically reinforce a soil transfer of shear
stresses in the soil to tensile resistance in the roots, soil moisture modification via
transpiration and interception. The foliage limit build-up of soil stress, destabilizing the
influence from turning moments exerted on a slope as a result of strong winds blowing
downslope through tress (wind throwing). Lastly, through buttressing and arching,
anchored stems can act as buttress piles along a slope counteracting shear stresses
(Bornsworth, 2015; Nelson, 2018; van Beek et al., 2008). The major effect of
transpiration is the reduction of soil pore water pressures which counteracts the loss of
strength which occurs through wetting, this is most readily seen as a loss of moisture

around trees (van Beek et al., 2008). Greenwood, Norris, and Wint (2004) however

argued that, it ove water from slopes

and conseque ed that the chance of
slope failure fg xtended rainfall will be
lessened as a It
Alternatively, ) the slope with weight
and by weake the roots, for example
during strong olfgang and Zangerl,
2009). Anothet | Jeed stabilizes the slope
through root Orceme he rootweight could actually
increase t_he n ]
INTEGA] PROGEDAMUS
2.3.5 Human activities - o

As the population on earth continues to increase, more land is colonized. Therefore,

previously rejected areas are being occupied. Land-use activities affect the intensity of
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mass movement significantly (Pullanikkatil, Palamuleni and Ruhiiga, 2016). Clearance
of forest or erecting terraces for agriculture, tillage of the top soil, rock fragment
removal from top soil, abandonment and regeneration of land, uncontrolled burning,
and overgrazing are among the main human activities on landscapes (Kerényi, 2010;
Siddhartho, 2013). These activities are constantly reshaping the contours of the land
(topography) and thus altering the natural slope. In some instances, they can be
considered as the primary cause of mass movements. As an example, unregulated
mining operations have turned stable terrain (limestone) into mass wasting-prone
terrain (Deniz et al., 2018). Residential development not only adds weight to the slope

but may also lubricate fractures due to garden watering, and the seepage of water from

swimming poc usen, Drecht and \Vos,

2011). In addi uctuating groundwater
level (well dril an constitute important
transitory stres 11).
2.3.6. Seismic
In places whe ses (uplift, subsidence,
faulting, jointi .common (Ahulu et al.,
2018). Aside 1 lapse that is already
precariousl| ta.Q'iIity by lowering

rock shear literature, some examples @ FStrong e ationships between

seismic occurrences ‘ﬂdrr%%ﬂmﬂﬁeﬁqgmbed. 1n 551 A.D., a large
earthquake that struck Lebanon depicts massive slides at Chekka, which is responsible

for forming the city's current coastal structure, mass wasting induced by the Kashmir
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earthquake in October 2005 (Mahmood et al., 2015), earthquake-driven Peru valley

mass wasting in 2018 (Bradley et al, 2019), and many others.

Ghana is situated on the south-eastern edge of the West African Craton, far from any
active plate borders (Amponsah, Leydecker and Muff, 2012). Since 1615, when an
earthquake was discovered near Elmina on the Cape Coast, it has been prone to
devastating earthquakes. (Ahulu et al., 2018). Earthquakes in Ghana are concentrated
in the south (Figure 2.2), where a network of seismic recording stations has been
established. Most of the epicenters south of Weija, according to Amponsah (2004) are
owing to the existence of an ancient thrust zone that has been reactivated. Recent mass

wasting activit provides reason to be

concerned. Th i akes i a.occuy estern area of Accra,

near the inters , ault“systems. a boundary fault and the

2.3.6.1 Seismo
Ghana lies bet the Coastal Boundary

fault.

2.3.6.1.1 Akw

The Coasita are the two major
|

o TP e = 2 o R
active fault zones m‘&}!ﬁﬁk EHWEW% thquakes or tremors have

occurred (Fig. 2.2). The Akwapim fault, which runs northeast from Accra, is part of the

the Akwapir;r]

Akwapim fault zone, which has seen more recent faulting along an ancient line of thrust

boundaries between the Birimian at the west end of the Togo Series and the Dahomeyan
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at the east end of the Togo Series. A range of medium-grade metamorphic rock units
make up the Dahomeyan (GSD and BGR, 2009). The Akwapim fault zone runs
northeast through Kpong, Ho, and into Togo and Benin (Fig. 2.2). Recent large-scale
mapping in the southern part of the Akwapim fault zone (Muff and Efa, 2006 , quoted
by Ahulu et al., 2018) demonstrates that the Akwapim—Togo Belt was subjected to a
block tectonic style of deformation at a later period, and that several local-scale normal

faults have evolved recently (Fig. 2.3)

2.3.6.1.2 Coastal Boundary fault
During the Atlantic Ocean's opening, the West African continental margin formed

(Amponsah, 2 magmatism. From the

Jurassic to the around the continental

border, with defined by faults that
ughout the history of
ve. At a distance of 3—

st and down throws the
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pasin filled with Upper
[, according to Amponsah

a Basin and su : aim that the flaw

W& f es to the west of

Accra, striking east-west, éndrintérsecmjtﬁe Nyanyanu fault in the Akwapim fault
zone. Earthquakes have occurred in the past and are still expected to occur around the
intersection of the Akwapim fault zone and the Coastal Boundary fault zone, according
to a recent study of geological and instrumental recordings (Amponsah, 2004; Kutu et
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al., 2013). There are a number of other faults in the acute angle between these two major
faults, the most important of which is the Weija fault striking West North West (Fig.
2.2). Numerous active faults have been mapped during the course of foundation
investigation studies in and around Accra. The area within the acute intersection has
high seismicity. Plate tectonic forces, according to (Amponsah, 2002), are responsible
for tectonic activity in West Africa and proposed that the African plate's northward
movement over the Earth's ellipsoid-shaped surface creates extensional stresses, which
are still present today. These extensional forces were thought to be contributing to
seismic activity in the West Africa zone, and as a result, some faults within the zone

could become active.

2.4 Mass Was
Ghana is not ement. It is, however,
noteworthy th tarigiya, 2016). Mass
wasting are ge ays and some opencast
mines. Major ength of the receding
Voltarian scarg ifferent geological and
climatic-vegets It has become obvious

that Ghana's s two categories: slope

instability th 1 be co ope instability that cannot be
] (==
controlled 0 ided=IMass Wa |ng occurs in many

parts of the 1 country, €s Q%J;Eﬁmtlﬂ B&EE@&%?WB (Sambou 2019). Table

2.2 (pg 17) shows the number of occurrences in the country.
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2.5 Impacts of Mass wasting

The motivation behind mass movement studies is the prevention and mitigation of
disasters and reduction of risk. Most mass wasting events are small and their killing
potential is limited. However, large mass wasting events may be very catastrophic.
Delayed consequences to mass wasting may also tragically contribute to the death toll
(Vittorio de Blasio, 2011). The negative consequences of mass movements however
are not limited to loss of life, but include the destruction of houses and infrastructure,
loss of productivity in the area affected, unpredictable changes in the local watercourse,
and reduction of arable or habitable land (Department of Geological and Geophysical
Surveys, 2019). In 1786, a local river in the province of Sichuan in China was dammed

for 10 days as Al g earthquake. As many

as 100,000 pe dating 1,400 km area

downstream. | nd destroyed dozens of

houses in the t 2nt happened at the end

of a 15 — day t occurred on January

27, 2019 that k estroyed part of a hotel
during a wedc 4, 2019, heavy rains
precipitated th lowing later that night
into the next da <omero and Rukombe of
banza as well as the
: : people leaving 10
missing a;aﬁnjurlngﬁor(%ﬁamﬂ@&ﬁ&wﬁﬂ?mcurred as well. Table 2.3
reports some of the deadliest mass wasting on the Accra-Kasoa highway. In 2013 and
2019, heavy rains in Ghana caused mudslides where silt and muddy pools of water

covered most parts of the road few kilometres from the Kasoa tollbooth making it
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extremely difficult for drivers to use the road. In the absence of proper drainage in the
settlements, running water and mud from the hills create deep gullies and ends up on
the road (ABC News, 2019; Acquah, 2019). Sand from these hills also ends up in the
Weija dam, swelling up its volume which floods other low-lying communities such as
Denchira, Salami Kope, Ghanant farms, Gape Kope, Daniel Kope, Torgah Kope,

Kwame Zolo Kope, Sackeyman, Ayigbe Kope, etc around the dam (Boakye, 2015).
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Table 2. 3: Some of the Deadliest Mass Movements

Northern India

Sierra Leone

>1140

Location Country Date Number of people | Mass Movement Type and Notes
Killed
Italy Austria 1916 10,000 Mass wasting
Gansu Province China December 16, 1920 180,000 675 loess flows affected an area
of 50, 000km?
China 1920 200,000 Earthquake triggered mass wasting
Japan 1945 1,200 Flood triggered mass wasting
USSR 1949 12,000-20,000 Earthquake triggered mass wasting
Yungay (Nevado Huascaran) | Peru May 31, 1970 18,000 Rock avalanche mixed with ice and water, caused by
earthquake along the path of the glacier
Armero (Nevado del Ruiz) Columbia November 13, 1985 25,000 Lahars formed by eruptions of ice-capped Nevado del Ruiz
volcano
Khait Tajikistan Rock avalanche detached by strong quake
Austria i
Huaraz Peru flow caused by morain dam break impounding glacial
LOF); more events in 1962 and 1970
Kelud Volcano Indonesia age of the Crater lake
Yungay (Nevado Huascaran) | Peru avalanche mixed with ice and water, caused by
Juake
Colima Honduras ‘avalanche mixed with ice and water, caused by
Ranrahirca (Nevado Peru quake, and debris flow
Huascaran) ‘
Longarone (Belluno) Italy avalanche onto artificial water reservoir, killing due to
* splash
Bihar, Bengal India egion is prone to large quakes
Villa Tina (Medellin) Columbia and shallow slide in lateritic residual soils
Ecuador quake related mass wasting
El Salvador quake induced mass wasting
La Conchita California s flow mobilized previous mass wasting deposits due to
(USA) e rainfall
Philippines 0 triggered Avalanche Killing lots of people
Taiwan 9 /iphoon Marakot triggered avalanche
Gansu China 1.2010 iggered mudflow
@ﬁiﬁ

Iin triggered mass wasting

HIMudftows

Source: Adapted from Malamund, 2014; Nelson;
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Plate 2.1: Mass wasting at La Conchlta Callfornla
Source: USGS, 2016

‘Coltapse durmg a Wedding Ceremony. - !
Source: USGS 2?1&2;; =

NTEGRI PROCEDAMUS
“Mass movements are destructive agents. They change and modify the landscape —
they disturb it. Destruction and disturbance is costly for built environment, it is costly
for natural resources and yet it is essential for ecosystem cycling in the natural

environment” (Geertsema, Highland, & VVaugeouis, 2009 p. 589).
31



University of Ghana http://ugspace.ug.edu.gh

2.6 Vulnerability to mass wasting

The term vulnerability as has been applied in many fields today has spanned a very
long period of time. Weichselgartner (2001) regarded vulnerability as a fuzzy and stated
that the term has no common conceptualization. UNISDR (2016 pg. 1) defined that
vulnerability “is the conditions determined by physical, social, economic and
environmental factors or processes, which increase the susceptibility of a community
to the impact of hazards”. Proag (2014 pg. 370) added that it is “the degree to which a
system, or part of a system, may react adversely during the occurrence of a hazardous
event. Thus, people become “vulnerable” if access to resources either at household, or

at an individual level is the most critical factor in achieving a secure livelihood or

recovering eff

To understan r (2001) identified 3

distinct theme xamines vulnerability

in the context r to human occupancy

of zones or re flood prone areas and
seismic zones. living in mass wasting
prone areas, Wi idents” knowledge and
their perceptio rd in question as well as
the levels of vulnerab | on.the coping responses
including SO . Fi .‘ con3|dered hazard
place specmc whlch"gJMeﬂﬂ@@EM%s third theme was noted as
geographically oriented. Vulnerability in this regard is considered as a bio-physical risk
and social response that is examined at a specific area or geographical region. Various

theoretical perspectives have also been advanced to explain the causes of vulnerability.
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From a social vulnerability viewpoint, Watts and Bohle (1993) noted 3 processes that
define vulnerability. They include economic capabilities (entitlement), empowerment
(political/social power) and the political economy (historical/structural) (cited in)
(Weichselgartner, 2001). Another model popularly referred to as the pressure and
release model or the disaster crunch model was proposed by Blaikie et al. (1994). This
model integrates much more elements under a cause and effect relationship between the
elements that constitute vulnerability. According to Blaikie et al. (1994), the model
includes in it “unsafe conditions that expose one to social vulnerability when in contact
with any type of hazard”. The model also highlights “dynamic pressures” as another

element. Much focus is oriented to this element as it explains the underlying driving

forces that mak

s feeli i i icetal., (2002) about
what is good ¢ sks shape their beliefs
about risk. Slo e and respond to risk is
a function of and feelings about the
seriousness a  developing systems,

procedures, anc

IS a series psyeh N _ ing with and/or
A { |

comprehen W‘I or built-environment hazar ‘ al., 2007). It also

demonstrates how cyr'ﬂlrrt%ﬁeglﬁﬂwmuﬁe perceive, judge, evaluate,

and rank risk. Direct observation (that is, being present at a mass wasting) or knowledge

rceptions are crucial. It

gathered from other people, media, or social networks may be the source of these

processes (for example, to read about an earthquake). Individuals or groups differ in
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their perception of psychological, cultural and social factors (Calvello et al., 2015). That
IS to say, people take risk-related decisions from a range of alternatives based on local
knowledge, past experience, experiments, opportunities and existing coping
mechanisms. While outsiders might label two households as equally vulnerable —
because they live in apparent similar conditions — the two households might still
perceive risk differently and, as a consequence, prefer different risk reduction measures.
The degree of perceived risk varies greatly among households and depends on class,
gender, location, and other particular conditions shaped by economic, social and

political processes (Heijmans, 2001).

Reality is con ! y d more meaning and to
respond to tha ing. Wh e e disas rience, that experience
Jerience or the crisis is
thought remote mation gained through
the media, as d Moreno, 2016) and
immediate soc
Decision make and respond to risks
(Chauvin et al.

‘communication among

lay people. Not only ntifi s of risks have to

be considered, ‘the public concerns about th : evel of these risks
e | e ———————— A
needs to be evaluateld LUBTIGHRL Emﬁ%wgﬁm tally compel or constrain

political, economic and social action to address particular risks (Leiserowitz, 2006).
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A study by Chaturvedi and Varun (2015) on the public perceptions of mass wasting risk
in the Himalayan Mandi Town revealed that since catastrophic mass wasting are rare
events, most of the people of the town were risk averse. They did not show prevention
behaviour, and they were not well prepared for an adverse event. Again, most of the
respondents were of the belief that they lived in a safe place. This reiterated a previous
study by Winter & Bromhead (2012) that indicated that most of the respondents showed
low level of concern with mass wasting, indicating that though they know mass wasting
is a problem, they are not especially worried about it. Further, they indicated that the
most frequent source of information for mass wasting was the media followed by

official and geotechnical reports then their personal experience. Qasim et al. (2018)

inants of mass wasting
risk perceptio ( | [ I ational levels, location
and experienc i g ting risk. The results
eriences, location and
asting risk perception.
or for risk perceptions
of natural haza zbaron (2014) revealed
that there is na

ass wasting experience

but on the othe

perception of mass wa
é;

g 1 el g
Some studies have f&rﬁ%ﬂﬁ@@ﬁ%‘ﬂh&%&x veen risk perception and

disaster preparedness (Lindell and Whitney, 2000; Siegrist and Gutscher, 2006), while

p with the respondents

others have found a link between higher levels of perceived risk and increased

preparedness behavior (Martin, Martin, and Kent, 2009; McNeil, Dunlop, Heath, and
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Morrison, 2013; Miceli, Sotgiu, and Settanni, 2008; Paul and Bhuiyan, 2010). The
perceived threat severity was favorably connected with disaster preparedness,
according to McNeil et al. (2013), however the relationship between perceived threat

likelihood and disaster preparedness was not as strong.

2.8 Mitigation and Coping Strategies

Hazards have always been a part of life, and residents of hazard-prone locations have
developed techniques to deal with extreme events based on their own capacities, skills,
talents, knowledge, and technologies. These adaption tactics, which they learned from

their forefathers and their own experiences, have become part of their traditions and

culture (Heij asters hit, people have

always been pr: de help and assistance,
such as from ered as mitigation and
coping strategi
Coping strateg ledge in the face of
hazards (Setia g strategies are put in
place to reduc )active measures taken
before an emerg and Kigma (2011), fair

knowledge on mitigation y ascertain the type of disaster
I

risk reductio i e that should be undertaken.i_l'
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A research by Chaturvedi and Varun (2015) on the public perceptions of mass wasting

risk in the Himalayan Mandi Town revealed that to reduce mass wasting risk, majority

of the responded vouched for planting of trees followed by building stronger
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foundations for their buildings. Osuret et al. (2016) agreed with the results but further
added that from his findings terracing was a better coping strategy for reducing the risk
and effects of mass wasting. They added that majority of the respondents relied on the
support of government to help them cope. The research grouped coping strategies into
economic, technological and social. Economic coping strategies included strengthening
financial institutions; social coping strategies included night patrols and meetings to
assist people affected by mass wasting whiles technological strategies looked at

improving public facilities such as roads and water channels.

2.9 Remote Sensing and Geographic Information Systems in Hazard Mapping

Mass wasting management activities

in fragile mou asis for hazard maps is

a comprehens eo)logical framework

conditions, sl nisms, properties of

displacement of endangered areas
(objects) (Rud
Extraction of § asting occurrence is an
integral part o 51S have proven to be
competent to i aio The advancement in
earth OQse ) techniques Tacilitate effe ' wésting detection,

e ————————— )
mapping, ?najnitdrmé;ﬁgonﬁEﬁ EI’MEE(WQOHL Agostini, Catani, and

Casagli, 2013).
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Aerial photographs are widely used for mass wasting detection and mapping using RS
(Pardeshi, Autade, and Pardeshi, 2013). For accurate mass wasting detection and
mapping, good quality aerial photographs are needed but they cannot be used in
continuous mass wasting monitoring since it does not prove repetitive coverage of the
same area (Sharma, 2008). In assessing the risk of mass waste, the Digital Elevation
Model (DEM) is critical. Slope angle, slope aspect, curvature, lineaments, drainage,
ridges, and other theme data layers can be retrieved with good resolution from DEM.
Thematic data layers, computation of different indices, weight assignment, data
integration, and the development of mass wasting susceptibility and hazard maps are

all common uses of GIS in mass wasting hazard assessment. Several GI1S-based mass

wasting suscepl ; ; j ‘the Avrtificial Neural
Network (AN geisi physically based mass

wasting hazar . ) il, Pd ni, and Ruhiiga, 2016).

Pareta and Pa 7 mote ques for mass wasting
susceptibility od (WOM) to map the
Giri river wate ata layers such as land
use, vegetatio ge density and terrain
height. The stuc _ GIS is an excellent tool

to display the

et al., (2Q1 i dies which also used WOM (@ : sting susceptibility
analysis a&?e@d wi h‘“sr ﬁ'ﬁﬁiﬁ wﬁ&ﬁf@%é for hazard mapping helps
planners in general planning assessment purposes. The study used the probabilistic
method to obtain the weights of soil, geomorphology, distance to river, distance to

lineaments, land use and lithology. Othman et al., (2012) in their research further added
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multi-criteria decision making together with GIS is a powerful tool, which can be

applied to predict and map mass wasting hazard zones.

2.10 Observation as a Method of Data Collection

Observation is a method gathers data by watching behaviour, events, or noting physical
characteristics in their natural setting without questioning or otherwise communicating
with them (Centre for Disease Control And Prevention, 2018). This method is adopted
by researchers to attempt to understand behaviour, societies and phenomenon by getting
to know the persons and events involved, their symbols, beliefs and emotions. The

technique qualifies as a scientific method of data collection when it is specially

designed to an i planned and executed
with proper co ‘ , 2018). The versatility
of the method a and a supplement to

other methods Structured observation

is where data ding to a pre-defined

schedule while anner method of data

collection suc or objectives (Whittle,

Giazitzoglu, Joviskiy (2014), some

advantages of t ‘ pplication, direct access

to research dfor future referrals.

-
- 2y
or |n suspended time

by recordlng an evenfﬁﬁg EﬁﬂblﬁﬂmMHﬁe and photographs (Whittle

etal., 2019).

Data can be
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2.11 Theoretical and Conceptual Framework

The theoretical and conceptual framework of a study explains the path of a research
(Dickson et al., 2018). It must be noted that, the overall aim of this is to make research
findings more meaningful, acceptable to the theoretical constructs in the research field
and ensures generalizability. In addition, it assist in stimulating research while ensuring
the extension of knowledge by providing both direction and impetus to the research
inquiry. The frameworks further enhance empiricism and rigor of a research. It is thus
no exaggeration for Imenda (2014) to say that both the theoretical and conceptual

frameworks give life to a research.

2.11.1 Theore
Dickson et al. e the specific theories
about aspects study of events. The

theoretical fra structs, concepts, and

acceded to the fact that
ontextualizing formal
theories into t dies in scholarly and
academic fash s as the focus for the

research and it

researcher’s ;gice of 1
1

| R 1
There are lots of disaﬁgrtrgﬁmiﬁ:ﬂﬂﬁ&mm&n | or Disaster Management

Continuum, the Kimberly, the Expand-contract and the Crunch model. The study

. Therefore, it guides a

adopts the disaster crunch model as the theoretical framework to explain its findings.

The Disaster Crunch Model states that, a disaster happens only when a hazard meets a
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vulnerability (Hai and Smyth, 2012). People can be said to be vulnerable when they are
unable to adequately anticipate, withstand and recover from a hazard. The model has
two main dimensions: hazards and vulnerability, both of which influence the disaster
risk (Fussel, 2007). The level of disaster risk therefore depends on the magnitude of the
hazard and degree of vulnerability of the people. As explained above, a disaster will
not happen if there is only hazard without a vulnerable community and vice versa. The
Crunch model has been viewed as a framework of understanding and analysing the
causes of disasters (Heijmans, 2001). The behaviour and trends of a hazard can be
understood through examining its force, any warning signs, forewarning, speed of

onset, frequency, time of occurrence and duration. Climate, or weather related hazards,

should also be ‘anging climate, as the

frequency, inte ch as typhoons, floods
and droughts ers of social processes

that cause vul unsafe conditions. The

root causes (ex nning) lead to dynamic

pressures (exa efforts to reduce mass
wasting) that or housing conditions,

dangerous loca

According to \Wisner'e gure 2.4) adopts a cause and
%J i |

effect persp ﬁe of its focus on the causes a | dlsaster The model

is also known to anmreﬁﬁmaﬂmufpm'@pa ities of disaster affected

communities. According to the crunch model (Figure. 2.4), the progression of

vulnerability of a community is revealed. Furthermore, the underlying causes that fail

to satisfy the demands of the people are identified (Asghar et al., 2006). This model
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goes further to estimate the dynamic pressures and unsafe conditions (Figure 2.4). The
model is important as it can help practitioners to understand and react to people’s
vulnerability to disasters (Hai and Smyth 2012). It therefore explains the relationship
between natural hazards and vulnerabilities of communities, making the model
applicable in this study. Hai and Smyth (2012) assert that the crunch model helps
practitioners to understand and react to disaster vulnerabilities facing people. (Blaikie
et al., 2003) notes that pressure can be released on those communities vulnerable to risk
by decreasing or eliminating the various root causes, dynamic forces, and/or unsafe
conditions available. It is for these reasons that the model was adopted for this study.

However, the disaster crunch model has also not been spared from criticism of scholars

and practition' - 3) 20 runch model lacks the
feedback in the em. Cut - a tracks the progression
essures, and to unsafe

conditions, bu ' \dldrg ' —environment system

2.11.2 Concep
A conceptual f ( a frame g h leves best explains the
natural course ! 1). It is linked to the
researcher's _for advancing and

f how the research

1

question will be mvewlgﬁﬁﬁidﬁlﬂmmgﬁe-researcher to more readily

specify and clarify topics inside the study's problem (Imenda, 2014). A conceptual

systemizing e researcher's

framework is the simplest way through which a researcher presents the asserted

remedies to the problem defined (Dickson et al., 2018). It accentuates the reasons why
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a research topic is worth studying, the assumptions of a researcher, the scholars
researcher agrees with and disagrees with and how the research approach is
conceptually grounded (Camp, 2001). Asghar et al. (2006) opined that conceptual
frameworks can be ‘graphical or in a narrative form showing the key variables or

constructs to be studied and the presumed relationships between them.

The study adopted the Crunch model from Wisner et al. (2003) (Figure 2.4) and is based
on the idea that an explanation of disasters requires us to trace the connections that link
the impact of a hazard on people with a series of social factors and processes that

generate vulnerability. The explanation of vulnerability has three sets of links that

connect the disas vels of specificity from

the people im ynamic pressures that
explain how th t causes are connected

with the functi e nature of the control

exercised by t the rule of law and the

capabilities of figure 2.4. Root causes
reflect the exe 2 Who are economically
marginal (suc onmentally ‘marginal’
environments or forest ecosystems;
tance to those who
utuaIIy reinforcing
sources of vulnera |H§ rﬁﬁﬂktﬁlﬂmﬁﬂ&@lﬁ%ple ‘s behaviours are likely to
generate increased levels of vulnerability if they only have access to insecure and
unrewarding livelihoods and resources. Second, government initiatives aimed at hazard

reduction are likely to be low on the priority list. Third, those who are economically
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and politically marginal are more likely to lose faith in their own self-defence
mechanisms and in their own local expertise. Even if they still believe in their own
abilities, their economic and political marginality, as well as limited or uncertain access

to resources, may have caused the ‘raw materials' or labor time required to vanish.

Negligence on the part of government as well as municipal assemblies have led to the
selling of inhabitable lands in the municipalities to people for habitation by the
landowners and custodians. None enforcement of government policies and sanctions
have given people the audacity to purchase properties in reserved areas due to their

hazard-prone state putting the lives of innocent ones at risk. Efforts from the

government a people more on mass

wasting event

Land tenure i much to worry about.

Lands in Ghan d is land compulsorily

acquired by gc iate legislation. These

lands are veste  people of Ghana. This

land is manage uire and manage public

lands; advise g ‘ district assemblies and

traditional au and.maintain a register of

-
m|Iy heads, are still

all land tltle Yankson, 2000). In contrast, ;'_,,--

the custodians of cuggrxagﬁﬂidmm%g%ave 0 seek the consent and

concurrence of the Lands Commission before disposing of or developing any portion

of their land. The 1969 constitution removed the right to freehold tenure, but land may
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be sold and held as leasehold. The sale of stool land is managed by the chiefs and elders

or family heads (Gough and Yankson, 2000).

The Town and Country Planning Department (TCPD) is also involved in land
management, as it is in charge of setting goals and criteria for land use and
development, as well as developing plans to guide growth and development. The
TCPD, on the other hand, lacks the requisite resources to produce all of the needed
planning scheme layouts. As a result, land is being sold at a much faster rate than the
blueprints can be produced. As a result, leaders use surveyors who aren't always

prepared to draft blueprints.

As a result, t uitable public places.

Consequently, are approved before
development t d remains unapproved
(Gough and )17) emphasized that
traditional pol of all land in Ghana,
and frequently | for dev ( lowing urban planning
rules or infor rban annt 7 izatrons™ : nd of the day leads to

improper city p

preceded plag !'n_g.

o
~— INTEGRI PROGEDAMUS

ne areas as development
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The Progression of Vulnerability

\
[ |

Root Causes Dynamic Pressures Unsafe Conditions Disaster Risk Hazards

Negligence on dverse climate change
the part of onditions:

government and Macro forces: Earthquake
municipal Rapid 7 / ) Flooding
assemblies population ; High winds

None growth % . Disaster Risk (Hurricane,
enforcement of Rapid . = Hazards x Typhoon)
government urbanisation C! . k f Vulnerability Heavy Rainfall
policies e Corruption ’ el f iy : (Dangerous Volcanic Eruption
Lack of : : mass wasting Drought
government Lack of: i ' | events) Prolonged
policies on mass e Adequate — : weathering/erosio

wasting warning knowledge : : n
signs on the prorm g
Land Tenure: phenomen
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and

administratio

Quarrying and
sand winning
(causing artificial
vibration)

Figure 2. 4: Modified Disaster Crunck
Source: Adopted from Wisner et al., ZP

i

46



University of Ghana http://ugspace.ug.edu.gh

Dynamic pressures as already mentioned are processes and activities that ‘translate’ the
effects of root causes both temporally and spatially into unsafe conditions. These are
more contemporary or immediate, conjunctural manifestations of general underlying
economic, social and political patterns (Blaikie et al., 2003). Dynamic pressures
channel the root causes into particular forms of unsafe conditions that then have to be
considered in relation to the different types of hazards facing people. These dynamic
pressures especially for this study includes rapid population growth and rapid
urbanisation. These forces people into dangerous location for housing, work to make
ends meet, steepening of land to make room for constructional works and others that

make them susceptible to disasters and in this case dangerous mass wasting events.

To add to, eve " influx of people, their

knowledge on towards managing or
curbing the ev d the municipalities to

educate them d properties will leave

the inhabitants level of understanding

of the inhabita vill determine the a method put in place to

Unsafe conditi % ar -- 3 2 _ which a population's
vulnerabilit ife 7 r | > 1o a threat. People living in
dangerou§ envi (for example, on lands with vl : séils and soils that
encourageﬁr\‘/vater Iogﬁmgr %ﬁﬂ?ﬂm&&ﬂé nd o:nc\j;ery steep slopes),
being unable to purchase safe constructions, and the lack of efficient state protection
are all examples (for instance in terms of effective building codes). Such people may

not necessarily have prior knowledge of existing disasters or events in the area and have
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no skill for recovery hence are very vulnerable to the various hazards as stated in figure
6 which may make them vulnerable to dangerous mass wasting events. The black arrow
is linking the box with “adverse climatic conditions” to that of “unsafe conditions”
because climatic conditions feed into unsafe conditions and can equally lead to mass

wasting hazard as well.

Extreme climatic conditions are capable of causing mass wasting events. Alternate
seasonal variations also adds on to the likelihood of causing more mass wasting. The
alternate warm (drought) and cold conditions (snow and extreme precipitation) renders

the land unstable and vulnerable to mass wasting in the least provocation.

2.12 Chapter
This chapter p research is positioned.
It helped expl ined the importance of
GIS and Remc
Again, the ch the study. The study
adopted the di relevance to the study.
The next chapt udy and some form of

insight into t
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CHAPTER THREE
STUDY AREA AND RESEARCH METHODOLODY

3.0 Introduction

The chapter is devoted to presenting a detailed literature on the study area and the
methodology that guided this study. Some features of the study area mentioned location
and size, geology and soil, climate and relief and drainage, economic activities as well
as population and settlement. The chapter also provided detail information on the
methodology that guided the study. The methodology dwelt on issues of the
philosophical background that underpins the study, whiles providing details on the

research strategy, design, sampling technique, sample size and data analysis. In

addition, the ¢ maps were produced.

3.1 Study Are
Introduced in etropolitan Assembly
(GAMA), refe 7 A), Tema Metropolitan
| P inistratively called Ga
Rural (Owusu (Mgller-Jensen et al.,
2020). “GAM the growth and sprawl
on programmes, it has

of the area, an

undergone continuous ntareas (municipality

{
districts)” ' . . 10*he"Ga uraI was split into

four Mun|C|paI|t|es (E!MQSH&EEEH&M@&%MD in 2012, and in 2018

these were split further to add Ga North. In 2017, Ga South was split into Weija-Gbawe

and Ga South districts (Ga South Municipal Assembly, 2018). AMA and TMA have

also undergone further decentralization into sub-metropolitan districts. Important to
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note, though, is that GAMA is not a legal unit. The power for urban planning has been
decentralized to the corresponding municipal districts and not countered by any formal
GAMA wise planning authority. Thus, the notion of GAMA should not be treated as a
governance entity that coordinates city growth and the growing demand for services but
as a catch phrase for the functional region undergoing urbanization (Mgller-Jensen et
al., 2020). The study concentrated on communities in the Ga South and Weija-Gbawe
Districts (Figure 3.1). The overall selection of the communities represents different
histories of mass wasting occurrences. Apart from the fact these communities are

located on seismically prone areas, they are also heavily encroached by humans.
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Figure 3.1: Map of Ga South and Weija-Gbawe Municipal Areas
Source: Author, 2020
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3.1.1 Location and Size

Ga South Municipal Assembly is one of the Two Hundred and Fifty-Four (254)
Metropolitan, Municipal and District Assemblies (MMDAS) in Ghana and among the
twenty-Six (26) MMDA:s in the Greater Accra Region. It has Ngleshie Amanfro as its
capital. The assembly was carved from Ga South Municipal Assembly (Weija) in
November 2017. Domeabra and Obom are currently the two (2) Zonal councils, which

operates below the structure of the Assembly.

The Ga South Municipality is located in the South Western part of Greater Accra. It

lies within latitudes 5°47'30"N and 5°27'30"N and longitudes 0°31'30"W and

0°16'30"W. T est Akim District to the

North, Weija- ast to the South-West,
Awutu-Senya West and the Gulf of
Guinea to the proximately 385.23 sq.
km with a pot ut 70 settlements with

population abg 2|lite communities and

hamlets.
Weija-Gbawe N urved from the then Ga
West Munici

at \Weija. The Weija-
|

Gbawe Mu

S ROCRRAMS:

Municipality shares boundaries with Ga South to the West, Ga Central Municipal

Accra. It lies within

altitudes 5°47'30" "W and 0°16'30"W. The

Assembly to the East, and Ablekuma North Assembly to the Southeast. It occupies a

land area of approximately 502.31 sg. km with about 120 settlements.
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3.2 Geology and soil

The land area is underlain by shallow rocky soils and is extensively developed on the
steep slopes of the Weija hills as well as basic gneiss inselbergs. The slopes are mostly
formed over the clay soils of the Dahomeyan gneiss with alluvial areas surrounding the

low lying coastal lagoons.

The geology of Weija according to Muff and Efa (2006) consist of the marine, lagoonal
or fluvial sediments which are known to be prone to slope failure during earthquake
due to liquefaction. These sediments are considered to be from the unconsolidated and

poorly consolidated rocks, sediments and superficial deposits from the quaternary age.

Tuba also has de ith bedrock that is very
poorly expose | | i microcline pegmatites
ark-coloured granitoid
orms a layer of coarse-
grained sand t grains. The weathered
rocks possess ¢ has good potential for
shallow groun “hi )  fro , It has a good bearing
‘that, top soil hasa 1 m

depth and regga

constructi%

A

The coastal qﬂe yellow in colour and W|thou_ti ‘ ganlc matter. These
soils are suitable o#’%&%ﬁaﬂ E’HMMF%& he Aplaku and Bortianor

hills, the soils are mainly pale and sandy with bushy quartzite occurring to the surface

ed rock provides good

‘coastal.savannah ochrosols.

in most places. These soils are rich in sand stone and lime stone that are good source of

material for the construction industry.
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The red earth is developed in old and thoroughly weathered parent materials. They are
typically loamy in texture near the surface becoming more clay below. The red soils
are porous and well drained, support road development, and provide ample moisture
storage at depth for deep rooting plants. Nutrients supplies are concentrated in the

humus topsoil.

3.2.1 Relief and drainage

The land area consists of gentle slopes interspersed with plains in most parts and
generally undulating at less than 76m above sea level. The Akwapim Range and the
Weija hills rise steeply above the western edge. The crest of the Akwapim range lies

generally at 3 ugh to the Weija hills

There are two i iver, which drain the
Municipality. the Eastern Region
through the we ere it enters the sea. It
is the source o on of Accra Metropolis
in the Greater butaries of the Adeiso,

Doblo, Ntafafa - of aquaculture in the

Municipality .and r uner ent rates in the
Municipa}%ﬁ) ’ - '

~—1 INTEGRI PROCEDAMUS
3.2.2 Climate

The rainfall pattern is bi-modal with an annual mean varying between 760mm on the

coast to about 1120mm in the extreme north. The Municipality experienced more dry
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seasons than wet seasons. The annual average temperature ranges between 26°C in
August and 28°C in February and March, the hottest months with a relative humidity
of about 75%. Average duration figures are about 94% and 69% at 6:00 and 15:00

respectively.

3.2.3 Economic activities

The Municipalities are projected to have an economically active population. The
structure of the local economy is gradually shifting away from agriculture and fishery
to service and commerce with about over 57% of the economical active population

engaged in the service and sales occupation. There is however, a great potential for the

agriculture and 2 coast. There are large

scale quarrying cipality for export and
construction hat about sand mining.
Write on thing
The informal s ollowed by the private
formal sector. vate informal sector is
quite higher t proportion of males

employed in the

3.24 POQ[%{- ttlement

.| -

T e ————————— -!
Weija-Gbawe Mﬂniéﬂrﬁa EHWE@@%,%O according to the (Andoh,

2018) but the population of Ga South Municipality as projected in the 2018-2021
Revised Medium Term Development Plan is 295,552 representing 7.3% of the Greater

Accra regional population which stands at 4,010,054 (Ga South Municipal Assembly,
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2018). For the purpose of planning, the projected population for the Municipality is
estimated to be around 358,893 at the end of the 2021 plan period with an annual growth
rate of 4.5%. The intercensal growth rate of both Municipalities however stands at
4.1%, which is quite higher than that of Greater Accra Region (3.1%) and Ghana 2.7%
as a whole. This could be attributed to high migration into the Municipality especially
those within the middle and higher class. The population increase the Municipality is

experiencing can be attributed to its proximity to Accra, the capital city and Kasoa.

The Ga South Municipality is largely peri-urban and serves as a dormitory town with

about 80 identified settlements. Out of this number there are about 15 urban towns with

populations be Ilite communities and

hamlets most cipality especially the
northern part ever, about 72% of the
total populatic 1e southern part of the
Municipality Is urbanizing at a rapid
rate due to its proved transportation
network and se area.
Most of the sery
market and
southern m
transiting to comme#&?I Imlﬂﬂﬂ;mm%ﬁ+nor Kasoa Highway. The

Municipality is growing towards the central and northeastern direction with new

buildings and needs to be planned for to avoid urban sprawl as identified in the
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southern. Concrete structures happen to be the most used construction materials in the

municipality especially in the southern part.

There are rural and agro-based settlements towards the centre and periphery of the
Municipality. Most of the arable lands in these areas are rapidly turned to residential
and estate developments leading to rural — urban migration and change in occupation
from farming to construction (mason, carpentry and others). Unauthorized
developments characterize most part of the peri-urban municipality mainly due to non-

existent development plans and building byelaws for the development of these areas.

3.3 Research
3.3.1 Introdu
The methodol nd crucial. A research
cess to generate theory
that is procedu { cted (Mohajan, 2017).
Cohen et al., (2 | Pl )y is the procedure that

describes, expl

defining the p

3.3.2 Philoso

-
—r m— ‘ |
A research fers to the belief of what constitute reality and how research
should collecTinforniAtarietal ﬂﬂﬁ@&%%ﬂ%& 2000). The procedure and
general ideas of how the world is visualized by a researcher is accentuated by the

philosophical viewpoint. It is this perception about the world that guides a research

through its designs and strategies for enquiry into the problem investigated. In a
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research, a philosophical account takes two broader methodologies; epistemological
viewpoint denoting a subjective gathering of information from the world where
interpretation to the happening in the environment or reality is based on the
understanding of situations around them and it is normally associated with qualitative
studies. According to Bryman (2012) the emphasis in on extracting meaning of the
social world through an in-depth understanding of the participants perceived meaning
of the social world, their interpretations and behaviours. This inductively leads to the
generation of grounded theory. Qualitative strategy is considered more advantageous
as it is capable of constructing social reality and cultural meaning as it anchored on

interactive process and event. Ontological viewpoint on the other hand is the opposite

of the former. 5 what people perceive

to exist rather he environment. This
method is nor rding to Cohen et al.,
(2007 p. 8) “th hods which are design

to discover (2010) opined that,

knowledge ge st paradigm since their

methodology (2005); Teye (2012),
quantitative m s and generalizations.

Castro et al., considered for model

specification including orrelations between different
g; i |

variables. . method has Deen criticized ing ‘ easuring social and

cultural relations sucﬁﬁ%‘ﬂbﬂrﬂ@ﬁawwép nse to the shortcoming of

these two research approaches, scholars in recent times have tended to combine both

approaches in a single research, an approach called the mixed methods approach Teye
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(2012) agreeing to Creswell (2009) line of argument of the pragmatics which this study

adopted.

Creswell (2009) stated that pragmatism as a worldview arises out of actions, situations,
and consequences rather than antecedent conditions - as in post positivism. There is a
concern with applications-what works-and solutions to problems. Pragmatism is not
committed to any one system of philosophy and reality. It aligns to mixed methods
research in that inquirers draw liberally from both quantitative and qualitative
assumptions when they engage in their research. Pragmatism has been acknowledged

to be the philosophical underpinning for mixed method research (Creswell, 2009).

Pragmatics do elieve that the world is

composed of § he approach therefore
gives a more e choice of methods,
techniques and ic problem thus making
it possible for m for a more holistic
understanding rtant to use different
the research questions

than using eith ( cclusive well's Y rk, 2010).

This study seeks to ascer ass wasting by considering an
%: -
interplay be : | and human activities on the envirenment. To the pragmatist

i e
researcher, both inte‘rﬁéﬁ%@ﬂﬂ MWEQ&%@& feasible for a study. The
interpretivist philosophy assisted in understanding better the drivers of mass wasting in

the study area. This was done through in-depth interviews with some stakeholders in

the study area. As a way of complementing the interpretivist approach and also to
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ensure objectivity, the study however employed a positivist quantitative approach via
administering questionnaires to residents in the study area. Thus, complementing the
strength and weakness in each approach to obviating the challenges in using a single

approach where some important information could have been missed.

Pragmatic worldview will be best as it allows for the use of mixed method techniques,
as others will limit the holistic understanding of the problem under investigation. Also,
since social reality is multifaceted, mixed methods designs therefore will provide an

effective means of explaining the complexity of human behaviour (Teye, 2012).

3.3.3 Researc
The research ¢ ive an exhaustive and
intensive anal the most ideal and apt

because of the h which concurs with

Calgaro and observing the place

specific nature ty to analyse complex
place based p appropriate when the
researcher’s cg a specific context and
is confident of hom the study is to be

conducted (Robson, . design assisted in

gatherlng in- Fmation of the condition und(_aI idy, ch' will later aid in
decision and pollcylmats'ﬁmrﬁmm%d m|t|gat|ng mass wasting
effects.
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3.3.4 Data Sources
The study made use of two main data sources; primary and secondary data sources.
Primary data sources were derived from expect interviews, questionnaires, observations

and pictures.

Secondary data was from published journals, publications, articles, books, newspaper
reviews, reports, satellite images that were derived from earth explorer of the United
State Geological Survey (USGS) website and the internet. Climate data was derived
from the Ghana Meteorological Agency. The Ga South Municipal Assembly provided

the new boundary shape files for the Ga South and Weija-Gbawe Districts. Digital

Elevation Moc ere supplied by Ghana

Geological Su entre for Scientific and
Industrial Res¢ oVi maps anc e fi ) ter Accra Region. The
data sources | Id help in giving more
understanding ite images aided in the
development ¢ map) and projections

(hazard map). oping the hazard map
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Table 3. 1:Summary of Environmental Data Needed for Hazard Mapping

Elevation Data

Group Data Layer and Relevance for Mass wasting/ Mass
Types wasting Susceptibility and Hazard
Assessment
Digital Slope aspect Might reflect differences in soil moisture and

vegetation

Source: Adap
(CHARIM), 2C

population for

junction and Br@

Slope profile, | Indicators for slope hydrology
curvature
Elevation Important in relation to rainfall and exposure
Geology Rock types Lithological information
Faults Distance from active faults or width of fault
zones
Soils Soil types Engineering soils with  genetic or
geotechnical properties
Geotechnical Grainsize (Particle size distribution),
properties
Stream networks | Buffer zones around streams
Land use Land use maps Type of land use/ land cover

oth, whict

the Kasoa@

Roads

Buffer around roads in sloping areas with

)rmation Management

agreeing with already

Ne gaps in existing literature.

selected areas for analysis

Limited 'rsrlocatem Ga-South Municipality.
~—=1 INTEGR| PROGEDAM

comprised settlements at the foot of the hill that stretches from Tuba junction close to

the tollbooth on the Kasoa-Accra highway to an area indicated as Broadcasting stretches
from Michigani to broadcasting which is the top of the hill. In the Weija-Gabwe

Municipality, Choice was selected with communities beneath through to residents
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around Triple Hill Hotel which is on the hill. Apart from the fact these settlements are
both located on seismically active areas and are heavily encroached by humans, the
overall selection of settlements represents different histories of mass wasting
occurrences. The target population constitutes 4751 individuals (GSS, 2014). This
comprises of two communities; Choice and Tubakrom with 4,198 and 553 households
respectively (GSS, 2014). These settlements were selected due to various happenings
of mass wasting in the community. Several warnings have been issued by news items
concerning these communities (ABC News, 2019; Andoh, 2018; Bokpe, 2015;
Peacefmonline.com, 2015). They also were areas suggested by the municipal

assemblies. Again, these settlements fall on the fault lines of Ghana making them

earthquake pr

3.4.1 Sample

entire population that

s that one wishes to
investigate or cher uses in gathering
people, places, tire population cannot
be investigatet cted communities will
comprise the sal
number of h
1970) samp ; 0 rmination formula will be usel

5= NP (18] Eﬁﬁﬂﬁﬂé&%

Where;

S = The required sample size for the study.
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X = The value of chi-square for one degree of freedom at a confidence interval
of 5%=1.96

N = The target population which is 4751 individuals.

P = The target population proportion which is assumed to be 0.50 since this will
provide the maximum sample size.

D = Degree of accuracy or precision which is also expressed as 0.05

Therefore the sample is calculated as;

S=1.962 x 4751 x 0.5(1-0.5) / 0.05? (4751-1) +1.96 (1-0.5)

S=3.8416 x 4751 x 0.5(0.5) / 0.0025(4750) + 3.8416 x (0.5)

S=4562.8604 / 11.875 + 1.9028

S =4562.8604 / 13.7778

S=331.1748 = 331

Therefore, 331 sampled respondents from the three communities will be needed

for the |

3.4.2 Sample

follows

Proportionall

Choice = 4198
Tubakrom = 5

Table 3. 2: T3
Target Popul

and Sample Size
ple Size

(Community).
Choice
Tubakrom

Total l@r. . = —
- Ji ganipnrr.ﬁcmmﬁ —

3.4.3 Samplmg Procedu

For each of the selected communities, the researcher employed non-probability
sampling to select respondents for the questionnaire survey. Non-probability sampling

is known to be much cost and time effective. Purposive sampling technique was used
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to administer the questionnaire (Bryman, 2012; Cohen et al., 2007). The questionnaire
was administered to respondents aged 18 years and above and those who have been in
the community for at least a year and above hence the reason for the selection of this
technique. This bracket was selected because they are old enough to recount the event
that has been happening over the years. Respondents were selected from residents found
on the Weija hills, those at the foot and those a little further away from the hill. This
was done to ascertain the perception of safety of respondents at the various ends of the

hills. Purposive sampling was again used to for the for the in-depth interviews.

3.4.4 Data Collection Methods and Tools

To answer O uded remotely sensed
images. Lands i 5 (ETM+) were used.
The 1991 The n sensor, whiles that of

2003 and 201 Landsat 7 sensor. The

study area fell downloaded from earth

explorer of the site. The images were
meticulously s r hence the reason for
the dates chos e conducted to ensure
accuracy of va were also taken for
inventory ma _climatic station at
Weija was

chosen to help see tﬁﬁgwiﬂﬂmﬁgigeologlcm map of 1:50000

from the Ghana Geological survey and DEM of 30m resolution from CERGIS at the

umber of years was

Department of Geography and Resource Development were sourced. Again,
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photographs were taken of the various events that were happening onsite to support the

images that were downloaded online. Field notes were taken to back the images.

Both qualitative and quantitative techniques of data collection was be used to answer
objective 2 and 3. The quantitative data was collected using a set of semi-structured
questionnaire. The questionnaire survey gathered information about the risk knowledge
and exposure, causes, the experiences of people with mass wasting, their preparedness
in case of disaster, the impact of mass wasting on their environment as well as the
participation of the local assemblies and the government. This method was used

because questionnaires can provide valuable information to emergency management

agencies for d can reveal information

on public kna oreparedness levels in
relation to nat 0 both open-ended and
close-ended q espondents to further
explain their open-ended questions
reveal unfami )y the researcher. The
close-ended q hich the respondents’
chose the one according to Bryman

(2012), limit t 3 y in i ers. The questionnaires

however, was categ  of the study.
é; : I

. gﬁ NS |
Qualitative data was' 1 TEformloP; HWEM

personal observations, to
capture respondent’s perceptions, understanding and experiences with mass wasting its

related hazard. Face-to-face interviews was used to acquire information from

stakeholders like the municipal assemblies and the assemblymen from the study area.
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Interviews were conducted with the Heads of Physical Planning and Development
planning from the Ga south Municipal Assembly, the Disaster Control Officer from
National Disaster Management Organisation (NADMO) in the Weija-Gbawe
Municipal Assembly and the assembly members from Tuba, and Weija. The
information above was stored on voice recorders, by taking of field notes and pictures.
Based on the responses from the respondents, some policy recommendations were

profiled aiding to answer objective 4 of the study.

Concerning the questionnaires administered, though the sample size per the calculation

was 331, the study could not reach this number. This was because part of the

questionnairesr ) pandemic. This made

some respond estionnaire during the
pandemic also as mostly difficult to

determine wh tages. Secondly, even

before the pa nsive as most of them

indicated that ¢ problem but they have
not received h assembly so they were
not willing to ly told that it was for
research purpo
hundred and fi

(130) questi re brought back. Two (2)

unwillingr;résg of sor#é'l (’é%ﬁﬁhfﬂ%ﬁﬂ&ﬂ%u ties i‘n?1king contact with

some respondents. In total, one hundred and twenty-eight (124) questionnaires and
interview guides were used for this study (thirty-three (33) from Tubakrom and ninety-

one (91) from Choice and four (4) interview guides were also administered to the

66



University of Ghana http://ugspace.ug.edu.gh

Senior Disaster Control Officer (NADMO), Municipal Heads of Development Planning
and Physical Planning Departments of Ga South Municipal) Assembly, Tuba

Assemblyman).

3.4.5 Data Analysis

Data analysis varied among the objectives and several combinations of analysis were
done for each objective. The Statistical Package for Social Sciences (SPSS) software
was used to analyse the questionnaires. The instruments were coded and entered into
the SPSS. Analysis tools such as descriptive statistics, cross tabulation and chi-square

test were used to analyse the data in relation to objectives 2 to 3. The output data were

mainly tables & e transcribed and field

notes were typ otes and pictures were
afterwards cod ographs were taken to
provide physi oping strategies being
adopted by res show some of the types
of mass wastin that sought to develop
a mass wasting d ENV15.0 were used.
A mass wasti asting inventory map
according to H | ; (20 | that identify areas that
appear to hav éile hy I ap.was created using
satellite im;%' ogle earth and they were Xer_rj 7 - —

2 e-field. Nineteen (19)
mass wasting areas I, |@aﬁicﬁrﬂlﬁﬁEM%a

taken. The type of mass wasting was named using what was seen on the satellite image

ities and their points were

and what is happening on the field. Some environmental data were also needed to
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develop the hazard map. Table 3.3 shows the information that was used for the

development of the hazard map (Pg 63).

3.4.5.1 Hazard Map Production

Items from Table 3.3 (pg 63) were put together to get the hazard map. From the table,
data layers needed were DEM, soil, geology and land use. A Digital Elevation Model
(DEM) of 30m resolution was used for the study. Using the DEM, slope gradient, aspect
and curvature were derived using ArcMap using aspect, curvature and slope spatial tool

in ArcGIS.

3.4.5.2 Slope G

The slope wa m 0° to 81°. The slope

values were t to 15° (gentle slopes),
16° to 33° (m es), 51° to 65° (steep
slopes) and 66 en accordingly.
3.4.5.3 Aspect
The aspect ma s, representing angular
sectors of 22.5 (22.5-67.5), East (67.5-
2.5-247.5), West

5), flats (-1). This is

automatlcally given wlm'nﬁﬂﬁﬂﬁﬁﬁ%&ﬁp he n multl criteria analysis,

the raster map was divided into nine classes namely North, North West, West, South

West, South, South East, East, North East and Flats.
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3.4.5.4 Curvature

In the curvature map, the positive curvature values indicate that the surface is convex
at those cells and negative values show that the surface is concave at those cells. A flat
surface has a value of zero. The more negative the value the higher the probability of
mass wasting occurrence and the more positive the value the lower the probability
(Ladas et al., 2007; Lee, Choi, and Min, 2004). The curvature map was divided into 10
classes from -35 to 23 but was reclassified into three concave (all the negative values),

flat (zero) and convex (all the positive based on the analogy above).

3.4.5.5 Soil

The soil shape ) GIS Laboratory. The

shape file of th using the clipping tool
in ArcMap to sed for the study area

included acrisc 0ls and solonetz. Soils

with poor drai e to mass wasting than

well-drained sc ree; acrisols, leptosols

and luvisols.

Laboratory. :

A geology map of th&tﬁ% ﬁﬂ@&m

sand, garnet, granite, lower Birimian, mixed (Quartzite and sandstone), Togo range,

included alluvial, coastal

Volta alluvium, Voltaian, Voltaian sandstone. Heavily weathered, easily erodible and

poor bearing rocks are more susceptibility to mass wasting than hard, resistant rocks
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with good bearing capacity. Ranks were allocated to the various geology types based

on this reason and reclassification was done.

3.4.5.7 Land Use

Landsat image of 2020 (ETM+) was used. The Landsat images were classified using
the following band combinations and assigned false colour composite; 4 (red), 3 (green)
and 2 (blue). The image was classified under supervised classification with reference
to Google Earth image of the study area and training areas of sites taken in the field
using a global positioning system (GPS). Supervised classification was used because it
is suitable for quantitative analysis of remotely sensed images (Pullanikkatil et al.,

2016). Four lar etation) were classified

using the max classified images were
d landscapes. Land use

was consideret 2 ( : e various type of land

3.4.5.8 Rainfa
Rainfall is one because the higher the
rate of rainfall, Sting. It was divided into

five classes: 00 —1300. These

higher rainfall and tdﬂeﬂﬁﬁﬁﬁﬁﬂm&&#ﬁ-
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3.4.5.9 Distance Maps

Distance maps were created for faults lines, drainage and roads. The major thrust and
fault lines of the study area were acquired from an Environmental and Engineering
Geology Map of Greater Accra Metropolitan Area of scale 1:50,000. The map was
georeferenced in WGS 1984 using ArcGIS. That of the study area was clipped out using
the clipping tool in ArcGIS. A distance map of the study area was then developed using
100-meter interval buffer. Ten classes were created in all. According to Ladas et al.
(2007), fault zones increase the potential of mass wasting by creating steep slopes and
sheared zones of weakened and fractured rocks therefore increasing distance from these

zones means a decrease in the frequency of mass wasting.

d as another causative
factor. This ater bodies affect the

stability of the m. It was assumed that

as the distance sting decreases. A 100-

meter wide bu

Another facto the distance from road

network. It wa reases with increasing

he road. Ten classes were

roads, due?['o'Tnap rdﬂ”i&ﬁﬂ*ﬁﬂm@m

created using the multiple ring buffer, a proximity tool from the ArcGIS. 15000-meter

buffer with 100-meter intervals around the roads. All the distance maps were
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reclassified into five; 100, 200,300,400,500 and >500. Ranks were given in decreasing

order based on the distance from the feature.

The primary vector thematic map-layers (soil, rainfall, land use, geology and distance
map) presented were converted into raster format for future analysis through a vector
to raster conversion procedure using a pixel size of 30 x 30m. This cell size was selected

in order to match the spatial resolution of the DEM.

The Analytical Hierarchy Process (AHP) was then applied for the creation of the final

hazard map. This was done through an AHP extension developed by Oswald Marinoni

under ESRI. on the responses of the

respondents o 0 get the weights for
each thematic son matrix required to

calculate facto “The diagonal boxes of

the matrix tak and lower halves are

symmetrical re therefore reciprocal
with each othe portant than the factor
on the horizont y to the above the value

varies between

weighting is that the sum offall Weights equals 1. The

J _ el
consistency ratio wagﬁﬁltmm%ﬂguéed to build the matrix of
pairwise score rating, which depends on the number of parameters and is automatically

calculated by the software. The CR is representative of the probability that the matrix

ratings were randomly generated. Saaty (1980) recommends that the CR must be less
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than 0.1 to accept the computed weights other than that the ratings should be re-
evaluated. The CR is 0.06 indicating the degree of consistency of the comparison matrix
is adequate. Ranks of 1-5 were then assigned to the various causative factors where
higher rank indicate higher influence for the occurrence of mass wasting. The final map

was automatically generated by GIS after the weights were imputed.

An area under the curve (AUC) curve approach, however, was used to analyse the
prediction accuracy of the proposed models used in the development of the hazard

maps.
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Slope Aspect Curvature Buffering
gradient map map |

map ‘ ‘ Distance map

Figure 3. 2: Flowchart of Methodology
Source: Author, 2020 ‘
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To obtain this, an ARCGIS extention called ArcSDM was downloaded from

www.sdmtoolbox.org. ArcSDM was then added to ARCGIS by clicking add to Arc tool

box, navigate to your storage folder and click on the ArcSDM toolbox to add to Arc tool
box. Click on the plus sign to expand ArcSDM and click on calculate ROC curves and
AUC values. Then, add the training points (Mass wasting points) and the mass wasting
hazard map to the classification model, choose the storage location to save you graph and
click ok. An AUC graph is automatically generated. Curves with values 0.9-1.0 are
considered to be an excellent prediction, 0.8 - 0.9 equals very good prediction, 0.7-0.8 is

considered as a good prediction, 0.6-0.7 is considered as satisfactory prediction whiles 0.5-

Chapter three for the study. The first

section of the tures into physical and

anthropogenic. data collection methods
adopted for the following themes and
headings. Philc research strategy, data
sources, quantit ampling techniques and

sample sizes, parti

&

75


http://www.sdmtoolbox.org/

University of Ghana http://ugspace.ug.edu.gh

CHAPTER FOUR
RESPONDENTS CHARACTERISTICS AND VULNERABILITY LEVELS

4.0 Introduction

To determine the vulnerability levels of respondents on mass wasting, the characteristics
of the population is of much importance. This chapter described the characteristics of
respondents including age, gender, occupation, knowledge of mass wasting and others.
These backgrounds are of immense importance as they place the views of respondents in a
proper perspective to understand the context of discussions. The chapter also attempted to

understand and appreciate respondents’ knowledge on mass wasting, their source of mass

wasting information anc eir experience with mass wasting. Also included are the various
DEM derivative ogical, e, 'S0i  andott racteristics that together
contribute to L- the Iities u able to r asting, mass wasting
inventory map & | as the ‘ massi ‘ azr he results are followed
by a detailed di; ussion linked 1o the Titerature to place the within a broader context.
4.1 The Backg
The sex distrib s as confirmed in Table
4.1. The female ndents whiles the men
accounted for ol official records of the

municipality, Whic S (G. S. S, 2014).

}

communities unde sﬂMTEﬂﬁlfﬁmE@E@;iw ofithe respondents who were

available and cooperated were females. Aléo, they were the ones often met at home or in

The higher%wale respondents was as a res etors noticed across both

the shops. Meeting men at home was more difficult as they spent longer hours at their place
of work. Besides, some of the men were so angry about the ongoing phenomenon in the
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community so much so that they were not willing to talk about it anymore. Notwithstanding

the factors listed above, the sex distribution has fairly represented the population.

The age distribution of the respondents has been placed in five ranges as shown in Table
4.1. The age group 20-30 years ranked first representing about 37 percent of total
respondents followed closely by 31-40 age group constituting about 41 percent of
respondents showing that respondents are highly youthful in nature between the ages of 20
to 40 years. This age group represents about 78 percent of the respondents. The age
structure corresponds with the youthful distribution of the district’s population (Ga South

Municipal Assemb espondents from the ages of

etailed insights into the
historical developmel | P sting in dy area. A glance at the
age distribution ‘ ‘ : : S| 5 | - this research giving it a
fair representatio all y ' ‘ 5 assisted in gathering a
balanced accou } 1 acr S.

Results depicte nts have had secondary

(junior and sen y few of them have had

no form of for | r | (Ta 1.1] L) computation between
respondents’ leyeo ‘ er pro o_rtﬁion of females than
Ju . S'chool level. This
results setftab a"”“%ﬂ?%ﬁ@;ﬂmﬁf f the-ThHunicipaIity which

indicates that a higher proportion of males (97.6'peréent) are literate than the females (83.6

cation at the

percent) (G. S. S., 2014) (Table 4.2). It can also be deduced from the table that, a higher

proportion of males than females completed their tertiary education (Table 4.2). The
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implication is that more females are unable to continue their education to higher levels,
perhaps due to marriage/child birth or other reasons (G. S. S., 2014). On the positive side,
the table also shows that

Table 4.1: Background Characteristics of Respondents

Variable Frequency | Percentage (%)

Male 54 43.5

Sex Female 70 56.4

Total 124 100

20-30 46 37.1
31-40 51 41.1
41-50 17 14.7
Age (years) 51-60 6 5.8
61 and above 4 3.2
100

11.3
315
50.0
7.3
100

54.0
29.0
12.1
4.8
100

57.3

194
11.3

12.1
100

Source: Author’s Field Data, 2020
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Sex Level of Education Total
No Formal | Basic Secondary | Tertiary
Education
Male 5 16 28 5 54
Female 9 23 35 3 70
Total 14 39 63 8 124

Source: Author’s Field Data, 2020

The study also gathered information on the length of stay and reasons why respondents are
living in their respective communities. From Table 4.1 a larger number have lived in the
community for 1 to 5 years (about 54 percent) with the least length of stay being 16 to 20

years (about 5 percent). lt.can therefore be infe lts that, respondents have

and are witness to the
2 reason of stay revealed
munities from 1 to 10
he respondents are living
come to the community
thers because of cheap
about 11 percent) then

shands in their residence

expansion @i_dential deve
causing rapid urbaniza
9 mgﬁ

respondents’ who have lived in these-communities for 1 to 15 years are there particularly
because their residence is closer to their place of work or they work in these communities.

On the other hand, respondents who have lived there for over 15 years were there basically
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because at the time, lands were readily available in that community at the time. A
respondent commented,

“I was fortunate enough to get my own land to build over here. Then, it was either

you moved to the very outskirt at the north of Accra or towards the south which is

our side. I preferred this end hence my reason for living here”.

male trader from Choice).

(A 37 years old

Table 4. 3: Respondents’ Duration and Reason for Stay in the Communities

Duration Reason for Stay Total
of Stay Closerto | Family/Marriage Cheap Availability
(Years) | work/Come Apartment of Land
to work

1to5 44 16 4 3 67
6 to 10 ] 36
11t0 15 15
16 to 20 6
Total 124

Source: Author

The study went rastructure on the basis

of living on the s is important as it will
show the level ¢ art of the hill. Figure 4.1
revealed that, 4 pe, followed closely by
residents at the s at the base will suffer
the greatest imp: 1d other related materials
whenever there is ar

only 18 pehr@ﬂ

. TEGRI PROCEDAMUS |

80



=
=
2
o
o
w
()
<
=
=
w
O
-3
w
a

Summit Slope
LOCATION

Figure 4. 1: Location of Respondents’ Infrastructure
Source: Author’s Field Data, 2020

Additionally, th f respondents on mass

wasting. Table ledge on mass wasting.

The study again dents got to know about

mass wasting. d source of information

forming about 5 lamented that, warnings

about an impen ision when an incident

happens in Abu about mass wasting is

seen again until wasting also came out as

one of the mediums throu ) know about mass wasting. From
= | - '-..

F

figure 4.3, abot ent and 36 percent of the resp: “Tuba Junction and
Choice respectively hd\rfé {@nﬁdemsmrgm%;ﬂselves whiles about 12 and 20

percent respectively have suffered the impact of mass wasting. Out of this percentage,
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about 19 percent of the respondent from the study both communities have experienced

mass wasting and suffered the impact as well.
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The category s s who have lived in the

study communi e other hand formed 6

percent of the r d that, respondents who
have lived from suggesting that though
they might have the area they very much

did not know of selves thus resulting in their
= =
various exﬁ%’rﬂf:_e,s with. mass wa )

-

1 INTEGR| PROCEDAMUS

ik
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= No = \[e] Yes \[e} Yes \[e} Yes no

You have You have not You have suffered  Neither you nor You have only
experienced mass experienced it but  the impacts of  your relative have  heard, read or
wasting in this a relative has mass wasting experienced mass seen information
neighbourhood wasting about it

Tuba Junction Choice

Figure 4. 3: Respondents Best Experlence with Mass Wasting
Source: Author’s Field Da 0

4.2 Potential
The map was de es of respondents on the
various causative d (Table 4.15). The risk
level was divide Table 4.16 reveals that,
about 45 perce wasting and these were

mainly the nort -Gbawe municipal area
(Figure 4. 11). oint picked were in this
zone (Table 4.16 rate risk to mass wasting
whiles abow&ﬁ_ﬂyercent ace ent andr 11‘__p‘e_'|;§qnt respectively fell
o

at the low and moﬁﬁnsk zone. Areas W|th high risk! s wasting accounted for 7
INT OAMUS
percent with a total of 4 per‘;eﬁ Hf r!'e ﬁgss W&sﬁ‘ng pointsin this zone.
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Table 4. 4: Matrix of Factor Weight Evaluation

Data @ | (b) (0 d [ [ [@ |(h)y [(H) |G |Weights
Layer
Rainfall |1 |3 |2 3 2 1 2 2 4 4 0.5124
(a)
Geology |1/3|1 |3 4 3 4 3 3 5 3 0.5619
(b)
Land use | 1/2 |1/3 |1 3 3 4 3 2 4 3 0.4193
(©
Soil (d) 13|12 |13 1 2 2 2 1 4 3 0.2451
Distance | 1/5|1/3 | 1/3 15 |1 1 2 2 4 3 0.216
to Water
(€)
Distance |1 |1/4 | 1/4 Yo 1 1 4 3 3 4 0.2721
to Fault
()
Distance | 1/2 | 1/3 | 1/3 Yo Yo Yo |1 2 3 3 0.1653
to Road

(9)
Curvature | 1/ 2 2 0.1483
(h)
Aspect (i) | 1/ 1 4 0.0969
Slope (j) | 1/ 1/4 |1 0.0803

Consistency
Source: Author,

Table 4. 5: Nu

Class rea of % Area
asting Coverage by
Mass Wasting
: : e Points
Very Low : | ] 32
Low L ! : ' ) ‘ 53
Moderate ({105,873 | ] 11
High | BEAE I 9 ' | 4
Total  I5te.d5d I EGR| PIROCEDAMLIT Ho— 100

Source: Author’s Field Data, 2020
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It again reveals that, most of the areas around the Northern part of the Weija Lake are
located in the moderate risk zones. Amanfro and McCarthy Hills on the other hand were
on the low risk zones. McCarthy Hill, though an earthquake prone area is a well laid out
community. The community has water channels, with well laid out streets and drainage
systems. It was realised that mass wasting caused by anthropogenic causes like sand
winning and the likes will not be a factor for mass wasting events in the community but
the main cause of mass wasting if there will be any, in the community is bound to be
earthquakes. Lastly, Gbawe, New Tetegu and Akweiman were on very low risk mass

wasting zones. Table 4.16 gives a list of most of the towns in the Ga South and Weija-

Gbawe munici
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Table 4. 6: Risk Level of Some Towns in the Ga South and Weija-Gbawe Municipality
Towns Risk Level Based on Pixel Class

Very Low Low Moderate High
Asuba v
Obuom v
Adu Kadwo 4
Adwo 4
Agbon
Ahele
Akutuase
Akweiman 4
Alafai v
Alafai No. 1
Alaifai No. 2
Amamomo
Amanfro 4
Anoff 4
Anotemo 4
Asabaham 4
Ashaaladza v
Ashaliaman
Ashonamo
Asifura
Atorman
Ayika
Ayitekoto
Ayuah
Bebianihia
Besease
Botokuras
Bukor
Dantsera
Domebra
Domfaase
Duayeden
Fankyeneko
Galuluya
Gbawe
Gyatoman
Hobor
Honiakyem
Honise . )
Jaman . ‘ il

Katakaman ﬁ] -

Kodwoashon ‘ _g"""-" |
Kofi Doko !jﬁ: S— I

Kofi Quaye - Jﬂ Tw ﬂmjﬁ —
Koleaku - : ; i
Kolokowhe v
Konkon v
Kudamakope v

Kurabi v
Kwamianum 4

ANRNAN

ANRNAN
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Kwasi Nyarku v
Kwesi Tenten v
Kweke Panfo v
Lamptey v
Maaphehia v
Mallam v
Mame Dede Nkwanta
Mayere

McCarthy Hill
Mendskrom v
New Tetegu v
Ningoman
Nsabiri
Obakrowe v
Obeman
Oblogo v
Obokwasi
Obudakyire
Odakwai
Odenke
Ofagyator

Oklu

Oklu Nkwanta
Okoman
Omankope
Onibi
Onyawonso
Otaten

Sampa
Sogbakukope
Tenbibian
Tetegu

Todzi
Tokusemitsigani
Twerebu

Weija

Aplaku
Bortianor

Tuba

Source: Author,

ANRNAN

AN

AN

mﬁ@ﬁm‘ basic assumptions are

needed. One is that mass wasting are related to spatial information such as topography,
soil and forest cover, geology, the location of lineaments and land cover, and the other is

that future mass wasting will be precipitated by a specific impact factor, such as rainfall
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or an carthquake” (Lee et al., 2004). This first assumption was satisfied by this study
because the mass wasting is related to the spatial information and they were precipitated

by one cause: rainfall in the study area.

Secondly, and area under the curve (AUC) was used to test for the success of the technique
used in developing the map. AUC was equal to 73.3% (0.733) which considered good as it

is close to 100% which is as considered as excellent.

1.0

True Positive Rate

= = e ——

to be the greatest and that may therefore require adaptation interventions. This section of

the chapter looks at DEM derivatives, geological, land use, soils, rainfall, proximity to
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faults, distance from roads and distance to water bodies and characteristics of the

municipalities that together contribute to mass wasting in the municipalities.

4.3.1 Mass Wasting Inventory Map of the Municipalities

Mass wasting inventories are essential so far as hazard mapping is concerned. A mass
wasting inventory map was created for the study using google earth and field surveys to
show the location of discernible failures based on mass wasting inventory (Table 4.4)
(figure 4.4). The total pixel count for mass wasting points for the study areas was 17,100.

From the table 4.4, majority of mass wasting occurred between 230°-359° accounting for

79 percent of d on higher elevation

indicating that ng. Angles 0° to 229°

accounted for
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Table 4. 7: Mass wasting Points Identified

Municipality Area | Type of Mass | Coordinates Elevation
Name | wasting (m)
Ga South 1 Debris slide, | 5°32°54.42N 57
debris flow 0°22°17.64W
Ga South 2 Debris flow 5032°51.39”N 86
0022°24.29”W
Ga South 3 Rock fall 5032°44.95”N 101
0°22°31.70”"W
Ga South 4 Debris flow 5032°51.40"N 86
0°022°24.46”W
Ga South 5 Debris flow 5032°50.51”N 55
0°22°31.56”W
Ga South 6 Debris flow 5032°47.68”N 68
0°22°33.05”W
Weija-Gbawe 7 Debris flow, Rock | 5°33°27.05”N 19
fall 0°19°43.76”W
Ga South bris floy ~ N 107
W
Ga South N 77
W
Weija-Gbawe: N 23
W
Weija-Gbawe N 11
W
Weija-Gbawe N 30
W
Weija-Gbawe N 90
W
Ga South N 85
| = , : W
Ga South b ! ' ) N 77
Ga South bris | N 49
W
Ga South , W 529N 40
‘ IP0°22°20.43% %,
Ga South S " Debris fl : |40
i 1 B 43”°W |
GaSouth —— .7 [ [J | ' A&IE:E%’SE'AO”N"' 53
: . S 00227777 31°W
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4.4 Relationship between Mass Wasting and the Causative factors.

4.4.1 Mass Wasting and Rainfall

The study revealed that rainfall is one of the major causes of mass wasting in the study
area. Higher rainfall implies higher risk of mass wasting due to an increase in shear stress.
The distribution of mass wasting points were between areas receiving 900-1000mm of
rainfall (Table 4.5) (Figure 4.5). It is expected that the regions with higher rainfall in the
future will experience some form and more mass wasting activities. Rainfall data from the
Ghana Meteorological Agency of the study area shows highest rainfall in June and the

lowest in January (Figure 4.6) indicating that mass wasting events should be pronounced

in June and less of mass wasting events

in the area are (Acquah, 2019; Bokpe,
2015; News G of mass wasting in the
study area. Figu temperature increases
as rainfall incre Se in evaporation which
will in turn lead ater inthe : | e. Precipitation balances
e probability of causing

ed between pores which
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Table 4. 8: Mass Wasting and Rainfall

Data Layer Class Pixel Count %Pixel Count
(Causative factor)
Rainfall 800 — 900 0 0

900 — 1000 17100 100

1000 — 1100 0 0

1100 — 1200 0 0

1200 — 1300 0 0

Source: Author’s Field Data, 2020
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4.4.2 Mass Wasting and Land Use

Land use has great influence on mass wasting. 79 percent of the mass wasting points were
located in built-up areas (Table 4.6) (Figure 4.7). This corresponded with the actual
happenings on ground. Events of mass wasting were located close to the residence of some
respondents (either behind or beside them). Activities of man has also resulted to the
happenings of mass wasting the study communities. The municipalities are experiencing
great growth in their population causing areas that were forbidden to be inhabited. Again,
construction works have precipitated in the steepening of the hills making the areas more

vulnerable to mass wasting. Human activities again have resulted in deforestation in the

area exposing t osure to climate causes

stress resulting in determining the type
of mass wasting flows due to an increase
in water saturati due to an increase in in
temperature. 21 percent of the total
number of distr .7). Vegetation recorded
no percentage a have a strong influence

v of infiltration into the
|

on the stability

soil, soil moistt 0o0ts increase the shear

strength of the soil de Beek et al., 2008). Again,

|
vegetation es that will weaken

] ”77‘ . — —— — H
the land making th JMﬁmWﬁmEW@e ils together making them

stronger and less susceptible to mass wastiha(Table 4.6) (Figure 4.7).
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Table 4. 9: Mass Wasting and Land Use

Data Layer Class Pixel Count %Pixel Count
(Causative factor)
Land Use Bare land 3600 21
Built — up 13500 79
Vegetation 0 0
Water 0 0
Source: Author’s Field Data, 2020

4.4.3 Mass Wasting and Soil Type

Soils are also of much importance. Well drained soils have low probability of mass wasting
occurrence than poorly drained soils. This is because poorly drained soils removes water

from the soil very slowly leaving them saturated over long period of time thus increasing

their probability

leptosols, Acri

severely, giving

They formed t e

poorly drained

f three main soil types’
re well drained soils yet
prone to slope failure.
53 percent. Acrisols are

cause of its inability to

allow free flow i a er tal mass wasting points.
Table 4. 10: M S I
Data Layer %Pixel Count
(Causative fa
Soil Type ri 26
i 0
21
‘ |
J uvisols s 000 -
| inthosols (— - | 0 |
11 NS0l FH_QQ%DALEJE et~
['Water-Body.~ — |0 0

Source: Author

’s Field Data, 2020
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4.4.4 Mass Wa
Hard resistant aring capacity are less
susceptible to mas m) to moderate (alluvial
deposits)
mass Wastlng Ma 7
with 74 percent and rocks witha mmtwéef—quaﬂnte”&nd sandstone (Weija-Gbawe) with
26 percent of the total mass wasting points’ coverage (Table 4.8) (Figure 4.8). Though Ga

South is made up of rocks that have good bearing capacity, they were still experiencing
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mass wasting. This is attributed to the fact that activities of humans such steeping of slope
for construction, sand winning and the likes coupled with natural happenings have rendered
the rock to be very weak making it succumb to mass wasting. Same can be said for Weija-
Gbawe as quartzite is a known hard, chemically resistant rocks and sandstones on the other
hand are largely made up of quartz which is also very hard and chemically resistant.

Table 4. 11: Mass Wasting and Geology
Data Layer Class Pixel Count %Pixel Count

(Causative factor)

Geology Alluvial 0 0
Coastal Sand 0 0

Source: Author
thrust seems to influence mass \ ault zones are known to
|

445 Mass
Proximitylto afau .
._‘1-_4 : 1 ‘t-.,_____ e ; R
increase the potent|alj %Trﬁgﬂésﬂam@wéﬁopes and sheared zones of

weakened and fractured rocks therefore increasing distance from these zones means a

decrease in the frequency of mass wasting (Ladas et al., 2007) hence the closer and area is
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to a fault zone the more prone it is to mass wasting. Majority of the points were in the 1000
meters buffer zone. 500 meter buffer zone recorded the lowest. The study classified those
beyond 500 meter as the area being less prone to mass wasting. On the whole, about 74
percent of the points fell outside the “danger zone” which make a greater majority of the
population free from earthquake-induced mass wasting (Table 4.9) (Figure 4.9) but
majority of the mass wasting points for Ga South were between 1000 — 5000 meter zones
whereas that of Weija Gabwe was between 200 — 1000 meters. This inferably means that
communities in Weija-Gbawe is more prone to earthquake-induced mass wasting than

communities in Ga South.

Table 4. 12: M
Data Layer

%Pixel Count

(Causative fac

Distance from

Source: Author’s F

100



University of Ghana http://ugspace.ug.edu.gh

735000 745000 755000 765000 775000 785000 795000 805000 815000 825000 835000

1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1
£ LEGEND
& || LEGEND © Mass_Wasting_Points

(C7% study Area Boundary (3 Study Area Boundary
§- @ Mass_Wasting_Points Fault Buffer

Water Buffer B
- Value 200
3 B 10 Il 50

I 20 B 0
- B 00 [ ]s00
3 | I o B 500

B 50 I 1000
£ B s B 5.000
S || [ .00 [ 10.000

I 0.000 Il 500
% Legend N %
1 s 1
s b3

DISTANC 024 8 12 16
4 | s s Kilometers '§
735000 745000 I B1500l0 I 8250(;0 ' 03500IO ' 2
Figure 4. 9: Di

Source: Author

4.4.6 Mas

g and Pr

dercutu_g water bcmjgs.afﬁe bility of slopes increasing

NTEGR LD e

their susceptibility to mass wasting. Ig! ﬁer zones beyornd 500 meters again was considered

Through saturatlo

as areas less prone to mass wasting. About 26 percent of the points picked fell beyond 500

meters which insinuates that larger population of the communities especially the ones close
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to these water bodies in both municipalities are at risk of mass wasting (Table 4.10) (Figure
4.9). The distribution of mass wasting points fell between buffer zones of 200 to 500 meters
accounting for about 74 percent of the total points. This suggests that, though slope
undercutting by water bodies is a possibility, other external factors are accelerating the
happenings of mass wasting in the study communities. This holds as human activities such
as construction of buildings, sand winning among others were found at these study
communities.

Table 4. 13: Mass Wasting and Distance to Water Bodies
Data Layer Class Pixel Count %Pixel Count

(Causative factor)
Distance from Watt
Bodies

Source: Author

4.4.7 Mass Wa
Distance from apping. Roads without

gain, vibrations created as a

=%

drainage at the bank
't'.':!Te'li ?

results of p Jr types of vehicles

|

o n
especially onhills a dﬁkFE@n‘apﬁmrﬁﬁMt sides of the roads and are

prone to slope failure at the long run. About 75 percent of the mass wasting points picked

were closer to roads (Table 4.11) (Figure 4.9). As majority of the roads at the study
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communities are untarred, daily usage of the roads by these vehicles as well as the action
of climate and vibrations caused by these vehicles results in expansions and contractions
which causes stress and will results in slope failure. Ga South and Weija-Gbawe is the
home for the Accra-Kasoa highway which is used by all kinds of vehicles moving in and
out of Accra. Vibrations from these vehicles can be a cause.

Table 4. 14: Mass Wasting and Distance to roads
Data Layer Class Pixel Count %Pixel Count

(Causative factor)

Distance from roads | 100 0 0

Source: Author

The gradient of a

gradient |s@pe vital param guls
rainfalls, tL@_ runofmw I Ph _\r f.- e increases shear stress in

unconsolidated soil cover generally mcreases,—as'Weﬂ' lncreasmg the land’s susceptibility to

ing is concerned. Slope

B i d\| , .
7 rface low velocity after

mass wasting (Ladas et al., 2007). It is believed that steeper slopes are more susceptible to

mass wasting. Also, increasing shear stress will mean an increase in slope gradient (Akgun
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and Bulut, 2007; Dahal and Dahal, 2017; Huabin et al., 2005; Ladas et al., 2007). In the
case of this study, a total of about 79 percent of the mass wasting points were on relatively
gentle and moderate slopes whiles a total of about 21 percent were located on steep slopes
(Table 4.12) (Figure 4.10). Gentle and moderate slopes are less prone to mass wasting
unlike steep slopes. This insinuates that, an external force has contributed to this occurrence
of mass wasting. The study communities is known for the activities sand winning causing
the hills become weak and more vulnerable and this has contributed to this result. Also,
especially for the communities in Ga South, these areas are not properly laid out and are
without drainage systems (ABC News, 2019; Bokpe, 2015; News Ghana, 2015a). Again,

moving water f eakening the hills and

accelerating mﬁ framework of the study

which states the cur. Vulnerability here
refers to all the ope and many others) in
the area that cal e type of mass wasting
that occurs in g inventory taken by the
study revealed t ow with a few rock falls.

Table 4. 15: M

Data Layer %Pixel Count
(Causative facte _
Slope (°) : - 37
o] T
e ei84-50 (Moder? 0 j=i 0 |
e )t I 5.
6- r ‘ fir - 16

Source: Author’s Field Data, 2020
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to Zarfa (2015), the Weij ja hills have steep'western and gentler eastern slopes but the results

from table 4.13 reveals that the western side of the hills (South West, North West and West)

account for a sum of about 32 percent of the total mass wasting points whiles about the
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eastern side (South East, North East and East) account for about 42 percent. The two
municipalities; Ga South and Weija-Gbawe are located at the Southwestern part of Accra
with the Weija hills rising steeply above the Weija edge. This indicates that, the slopes
found in the municipalities are relatively steeper slopes. This suggests that, all things being
equal, communities at the western are comparatively more prone to mass wasting than to
mass wasting. Table 4.13 again reveals that, the eastern part slope (South east, north east
and east) account for about 42 percent of the mass wasting points. This suggests the
presence of external forces such as human activities accelerating the actions of natural

processes in causing mass wasting. Shit, Bhunia, and Maiti (2016) added that, south-east

and some pocke eation of mass wasting

due to availabili sture means an increase

in stress in the eptible to mass wasting

(Table 4.13) (Fi
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4.4.10 Mass Wasting and Curvature

Curvature values describes the morphology of topography. It plays a major role in

influencing the distribution and potential of having different types of mass wasting in an
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area (Zhang et al., 2012). Potentially, concave slope can contain more water and retain it
for a longer period than a convex slope hence concave slopes are potentially more prone to
mass wasting than convex slopes. The distribution of mass wasting points on all the
concave slope accounted for 27 percent whereas that of the convex side accounted for about
68 percent of the total mass wasting points. Concave slopes are gentle at the foot and
steeper towards the top whiles convex slopes are steep at the foot and gentle toward the top
(Table 4.14) (Figure 4.10).

Table 4. 17: Mass Wasting and Curvature
Data Layer Class

Pixel Count %Pixel Count

(Causative factor)

Curvature

Source: Author

The study @’t_hat, toug all t factors e :
isolation. I!:.Q_I’ exarrm 0 he-respondents rev :o that, rainfall was a major
S INTEGRI PROCEDAMUS T

cause of mass wasting. Rainfall howeverreduces the resistance of the slope thereby making
it unstable. Rainfall, howbeit, cannot stand alone in causing mass wasting. The aspect of

the hill will again determine which part of the slope get more rain than the other whiles the
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curvature will also determine which part accumulates water (concave) and which part
allows water to flow easily (convex). More water will led to less resistance hence causing
slope instability. The parent material which is the geology will also determine the type of
soil materials formed on the hill. If the rock had more of clay particles, it will mean less
infiltration of water but more sand particles will mean more infiltration thus reducing mass
wasting. Moreover, the land use pattern of the area will also induce or reduce the rate of
mass wasting. In that, cutting of slopes for construction, farming, and settlement among
other as it is happening in the study communities will reduce the resistance forces of the

slope due to the additional weights added through these activities. Frequent seismic

activities tend tc nuous seismic activities

coupled with raﬁ ropogenic activities via

land use patter lumps.

The chapter lo various rela ) be L asting and the various
causative facto fault, water bodies and
roads. These w sting hazard map which
as in Weija-Gbawe were
ind the _sguthern part of the

|
ing lower levels of

|
rate risks zone. The next

susceptibi;ffy-to m s.lMﬁEGﬁ ﬁm@mﬁj

chapter will talk about the recommendations and conclusions of the study.
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CHAPTER FIVE
RESIDENTS’ PERCEPTIONS OF MASS WASTING

5.0 Introduction

The beliefs of potential harm or the possibility of a loss is known as risk perception. It is a
subjective judgement that people make about the characteristics and severity of a risk
(Darker, 2013). This chapter shows how the respondents perceive, judge, evaluate and rank
their level of risk. It also covers that causes, types and the impacts of mass wasting in the
communities. The chapter further discusses the coping strategies adopted by in controlling

the effects of mass wasting.

5.1 Understant bawe Municipality

Understanding of grave importance as
this is an impor his has the capability to
assist policy mé 5s wasting. This section
deals with the r mass wasting.
5.1.1 Types of

5.1.1.1 Types of

—
&f the respondents

o Hhé e seipy, g esko)and b

communities. Respondents revealed that, the debris from the hill was deposited round the

i
is-deposits in the study

toll booth but now deposition occurs around Osiadan Construction Limited. The study
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discovered that the causes of the movement type were due to human-induced (construction
of building, sand winning activities), geomorphic (physical or chemical weathering) and
climatic conditions (rainfall). Additionally, the style of movement is quite complex in that,
the movement type appears to progress from slide to flow as it progress down the slope.
The displaced material loses part of its debris to the buildings in the way as well as the
scanty vegetation along its path. Lots of debris (sand, silt, clay, high frequency of rock
fragments, waste materials and some small branches of trees) are seen deposited in the
community. As you descend the hill to the base, loose sediment from the scarp and shear

surface are seen accumulated in the gullies on the shear surface and are progressively

confined into a f Osiadan Construction

Limited down t, the movement flow is
more of a flo f a wet cement; water-

saturated rock ack wall of the slide is

vertical with te ts and cracks in the soil
that have progre esito be e L B vities of this movement
orone to deadly disasters

in the future.

| L, o -
4 INTEGRI PROCEDAMUS |
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Plate 5.1: Ewdence of DebrlsFy é%agﬂgbr‘;}s Flow at Tuba Junction (deposited
debris from the flow and evidence of debris slide)
Source: Author’s field data, 2020; Acquah, 2019

111



Evidences of rock falls were also recorded at Tuba Junction. Detached rock masses from
the hills were spotted at the bottom hills or away from their source region. Evidences were
seen from google maps and they were also witnessed on the field as well (plate H). The
respondents added that rock masses fall from the hills. Unlike the debris slide, an informal
interview with the respondents revealed that, none of the bigger rock masses have neither
rolled down the hills nor enter people’s home. They are mostly found not too far from their
source region. The smaller masses however were found along the slope down to Osiadan
area. It was realized that, the initiation of a rock falls in the study community were from

climatic (alternate hot and cold seasons), geomorphic (physical or chemical weathering)

and human-ind

4 Rock falls
L

= SR
Evidence of ;&k

) S
] e
T T R ST

% b , JH 75 ) . S : . .5
late 5.2: Evidonces of Haspil PRDGERAMUY

Source: Google Earth
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5.1.1.2 Types of Mass Wasting at Choice

Mass Wasting types occurring at Choice were mainly debris flows and rock falls. The
conclusion was drawn from observations, informal interviews with the respondents and the
flow tracks in the study communities. Debris flows were prevalent at Choice. Respondents
described it as “thick flood”. Causes of debris flows in the community were found to be
human induced (sand winning) and climatic (rainfall). According to the respondents, they
used to experience minimum flows with very minimum debris in the community but after
the inception of sand winning, the flows thickened. The study realised that, this

phenomenon is experienced mostly by respondents with their residents close to the foot of

the hill and als and winning has begun.

Evidences of d i ‘ nity (plate 1).

Rock falls on t factors (sand winning)

and climatic cc andscapes leaving them

vulnerable to cl wasting. Detached rock

masses were fo

NTEGRI PROCEDAMUS |
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e

e ""&i{-;

Plate 5. 3: Evidens.lwll‘%ismq
Source: Author’s Field Data, g
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5.2 Proposed level of Exposure to Mass Wasting

Risk perception according to Setiawan and Hizbaron (2014) is “characterised as the
intuitive judgement of individuals and groups of risks in the content of limited and
uncertain information”. It is an important step to risk mitigation. Understanding these
perceptions have the proclivity to assist planners, the government among others to prepare
strategies in managing mass wasting hazard. This section tries to understand perceptions

of respondents on their exposure to mass wasting based on location.

Regardless of the community, figure 5.1 revealed that, respondents on the hilltop

considered the s wasting. Respondents

from both stud area being affected with

mass wasting as y further acknowledged

that, there were of human activities and

land degradatid ndents on the slopes of

the hill in both sk of mass wasting with

rate between hi nd 72 percent for Tuba

Junction and C entage was because the

: \
respondents wetr ho have had an mass wasting. At Tuba

Junction, these respa igas and parts of Michigani.

- |
e around the cing sand winning.

Contrar|W|se -abo 40fanCEm 28 mgmmlﬁd

Choice respectively considered themselves to be at low risk. These were respondents found

|
s-from Tuba Junction and

at the eastern side of the mountain where there is no activity of mass wasting at Choice and
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some parts of Michigani at Tuba Junction. When asked about events of mass wasting for
this category, they point towards areas around Bonigas, Osiadan and Michigani for the
Tuba Junction and the respondents from Choice point the other side of the mountain.
Interestingly, majority of the respondents (about 77 percent) at the base of the hill at Tuba
Junction perceived themselves to be at high to very high risk of mass wasting whiles about
70 percent of the respondents perceived themselves to be at low to moderate risk of mass
wasting. This is due to length of experience with mass wasting and the number of
population experiencing mass wasting at the study communities. Tuba Junction have had
longer experience and have undergone an extensive land degradation than Choice so

obviously, expe ice. Also at Choice, only

a section of the es from the respondents

there were diffe

PERCENT COUNT

Tuba Choice
Junction
I

Very lowrisk 25
W LOW risk

Moderate risk

Hi_th risk
Very high risk

Figure 5. 2: Proposed Level of Exposure of Mass Wasting
Source: Author’s Field Data, 2020
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Based on respondents perceived exposure, about 95.2 percent and 88.2 percent from Tuba
junction and Choice respectively regarded their community to be safe to with stand threats
(Table 5.1). About 5.1 percent and 11.8 percent felt they were not safe as they
acknowledged that though they might not be close to the section experiencing mass
wasting, they are bound to experiencing it in the future. Nonetheless, respondents along
the slope and at the base of the hill admitted that they were not safe to withstand any threats
of mass wasting. The study revealed their responses were on a number of reasons.

Table 5. 1: Perceived level of Safety in the Community

Location Community Safe to Withstand Threats?
Yes (%) No (%)

: 5.1

11.8

53.3

77.0

75.0

77.2

Summit

Slope

Base

Source: Author

Figure 5.2 reve based on four reasons.

These include p ess to where the event is

happening, anti oser the location of the

respondent area where mas yeeurring, > hi ¢ chances of them
falling VIC Lrp to th_% dits-impacts. The farther ‘ Ear from the area of event, the
3R FFIDGEE} -

less chances of them falllng to mass-wasting=——
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‘ -

Proximity to where the event is happening Remoteness to where the event is happening

Anticipating Bigger events B Accidents

Figure 5. 3: Reasons for Perceived Level of Safety in the Community.
Source: Author’s Field Data, 2020

From figure 5.2 o0 the area where mass

wasting events \bout 31 percent and 17

percent felt unsafe ass wasting as well as

incidences of ac properties, injuries and

loss of lives. T anxiety for fear of the

unknown. This respondents at the long

run.

A respond r_e, ' .‘9

“A huge bo oke my wali and rolled into mﬂround I'was very glad that
none of my faﬁmmw VFHEMQE@&W%e ave been in fear since that

day because you don’t know when another stone will come rolling down. Who

knows what will happen”. (A 51 years old female trader from Choice)
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5.2.1 Perceived Causes of Mass Wasting

The respondents identified both physical and anthropogenic or human-induced causes of
mass wasting in both municipalities. According to the respondents, anthropogenic factors
accounting for about 64 percent, are largely responsible for mass wasting in the
municipalities. The respondents believed that anthropogenic factors have served as a
catalyst for mass wasting in the communities. Rapid urbanization in the Ga South and
Weija-Gbawe Municipalities due to its proximity to the Accra Metropolitan Area,
improved transportation network and as a center between urban Accra and Kasoa area have

also contributed immensely to putting a lot of on the land. This result confirms the position

of most geologi i Y act ¢ largely responsible for
mass wasting, se Adu-Boahen et al., 2020;

James et al., 20 nt (figure 5.3).

='Natural factors (%) = =& Anthropegenic factors (%)

Figure 5. 4: Causeés ofgMass Wasting———— — v
Source: Author’s Fielﬁ%ﬁ, ﬁ@ﬁl‘ Fgﬂlii_}!'w EDAMUS
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5.2.1.1 Anthropogenic Causes

The dependency of humans on land for food production and economic development is
causing constant modification to the global landscape thereby putting a lots of pressure and
stress on the land (Siddhartho, 2013). Anthropogenic factors are one of the pronounced and
also the dimension that can be easily managed than the physical dimension. The results
revealed varied perceptions of respondents on the causes of mass wasting with in the study
communities. A large number of the respondents representing about 64 percent and 65
percent from Tuba and Choice respectively shared the view that sand winning is the highest

anthropogenic cause of mass wasting (figure 5.4). An interview with the Head of Physical

Planning of the e respondents indicated

that, sand was icipality close to Tuba
Junction for the residency of the former
President His d construction workers
took to the area assembly officials were
of the view that hought otherwise. They
however admitt s decreased. The study
observed that, s th sand as well as sand
winners were sf
halted. Sand winners

=Y

< INTEGRI PROCEDAMUS.

|
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PERCNTAGE COUNT

Yes No Yes \[o) Yes \[o) Yes No

Sand winning Quarrying Steepening of Tree removal
slope for (Deforestation)
construction

Tuba Junction | 364 | 273 | 727 | 242 | 759 | 152 | 849
Choice o ¥ 97.8 | 253 | 748 2.2 97.8

ANTHROPOGENIC FACTORS

Tuba Junction Choice

Figure 5. 5: Anthropogenic Causes of Mass Wasting in the Study Communities
Source: Author’s Field Data, 2020

Respondents at s of sand winning have

accelerated mas e sand can be exploited
to satisfy huma and effective resource
management to an event of an extreme
natural activity he likes, a much greater
event of mass left exposed to natural

activities.

A respondent at Tuba Junet , -
“MaWFents in this area began after mi;’gﬁ:'samﬁor the construction
of the-Weij ”*‘bﬁﬂgﬁ?ﬁpﬁ?ﬁ?jﬁqﬁﬂmﬂ@ the situation and started

mining sand indiscriminately. Thoughnotices have been served to stop people from

continuing winning from here, they still go ahead anyway. My only prayer is we
should not have any major earthquake or rain in this area or else the nation will

have a mass burial for all of us” (A 42 years old male pastor at Tuba Junction).
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Tuba Junction recorded the highest responses for Quarrying (about 27%) (Figure 5.4).
Majority of the respondent from the community were of the view that, it used to be one of
the major activities they struggled with aside sand winning. They were quick to add though
that this is not the issue anymore as the activities of quarrying in the community has
reduced. Construction of buildings on slopes on the other hand formed about 24 percent
and 25 percent respectively in Tuba Junction and choice respectively. In Tuba Junction,
lots of buildings were springing up in the community especially along the slope with a few
at the summit of the slope (Plate E). It was realized that, communities at the summit of the

hill were well laid out with roads and drainage facilities. Buildings found at the summit

were more sop ome of the buildings on

the slope were s ed with wood with very
few completed tivities to some extent,
are reducing th d reducing the area of
vegetation cove Juency of mass wasting.
Construction of te to an increase in the
number of pop an increase in the stress
level exerted o oulation might be at risk

of mass wasting

< INTEGRI PROCEDAMUS.

|
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Y T B =5 ) - .
Plate 5. 4: Some of the New Residential Apartments at.Michigani (Tuba Junction)
Source: Author’s field data, 2020

74

5.2.1.2 Natural Causes

Natural causes are normally the preparatory factors for mass wasting as these gradually
and noticeably or inconspicuousty weakens.the land'such thata continuous activity of these
physical factors or the presence. of any external.factor can cause slope failure (Nelson,
2013). It was inferred from the responses that, anthropogenic factors have served as catalyst
for physical.faetors, increasing the pace at which mass wasting-eccur in the area. The
respondents identified two natural causes of mass wasting namely rainfalls and earth
quakes. Rainfall formed about 66 ‘percent-0f‘theresponses-whereas earth quakes formed

about 34 percent of the responses (figure 5.5).
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[ Earthquake [ Heavy Rainfall
Tuba Junction 33.3 66.7 57.6 42.5

Choice 16.5 83.5 38.5 61.6
NATURAL FACTORS

Tuba Junction Choice

Figure 5. 6: Natural Causes of Mass Wasting in the Study Communities
Source: Author’s Field Data, 2020

Rainfall was ¢ | factors are concerned

accounting for and Choice respectively
(Figure 5.5). It al rainfall in the study
communities is s were alarmed by this.
Residents narrat es with some incidences
of mass wasting Js of Adu-Boahen et al.
(2020) in their ¢ t area. According to the
findings of the st ass wasting in the area.

Earthquake formed @ sponses from Tuba Junction

—;!' =
and Choice‘%p;égt‘,ively (Figure 57

earth quakes, they |li a\i(?.'ﬁf;@/& ﬁ]ﬂdli'r'eﬁ W*”ﬂaﬁ? E/ﬁtmg:‘emnt caused by earth quakes
J | i Tl B, M =

ents indicated.that,t gh they experience

yet. They however believe there is a possibility of it happening looking at the incessant

experiences they had in the year 2020.
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5.2.2 Impacts of Mass Wasting
As the population of humans expand and occupies more land surface, mass wasting
processes are likely to affect humans. Impacts of mass wasting has been assessed based on

environmental and socio-economic factors.

5.2.2.1 Environmental Impacts of Mass Wasting

As already noted, mass wasting constitutes a serious problem in the Ga South and Weija-
Gbawe Municipalities. However, the problem is more pervasive in one municipality than
in others. This is as a result of the differences in the length of time in the inception of mass

more experiences with

be more pronounced in
the former tha : at revea ; 39 and 7 percent of the
respondents res . through the creation of
gullies as a majo gure 5.6). The down flow
movement of m asion have created large
gullies making (Plate F). Even existing
buildings conti further realized serious

incidents of ero of localized erosion by

| .
t sites of uneven

* iy s i
compaction-of. sur qﬂudqrEﬂrmgﬁﬁﬁgEWﬁ vements (Egboka et al.,
2019). The most serious and dange?ous of all the gulilies are the ones found behind Osiadan
Construction Limited. These gullies are very deep and contain lots of loose soil making

them very vulnerable to climate conditions which might lead to mass wasting (Plate B). A
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respondent disclosed that the width of the gully has increased with time making it more
dangerous as the years go by. Parts of the roads at Michigani and “Bonigas” have been

rendered not plowable by gullies (Plate F) .

Plate 5. 5: .S-oume If&‘sﬁ&ﬁﬁk E

Source: Author’s Field Data, 2020
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Figure 5. 7: Environmental Impacts of Mass Wasting
Source: Author’s Field Data, 2020

Figure 5.6 de dents from both study

communities al and and debris in the

communities. T square church down to
Osiadan Compa ed that, part of the debris

from the hill tog ally increasing the level

of the land. A re

“This p@ ere on a very low level

ground k g s: , ‘ this whole place” (A 32

=

! i . . : — -‘|._ '\
Additionall?ﬁﬁetﬁefﬁndents com ated that, son'%thé'-eﬁfhe to mine the sand
that has been depoL tedhin the area q,utqy_eﬁﬂ_ﬂ;ranmhﬁe which the ground level is
increasing is alarming. Moreover, the residents added that, the force and the volume at
which the debris come with have caused walls to break and cracks in their structures. It

was added that, some of the debris sometimes overflow the walls. This findings concerted
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with the results of Adu-Boahen et al. (2020) that started that mass wasting can cause
structural damages to properties. Again, they added that, some residents in the area add
their waste (polybags, plastic bottles, human excreta as well as some other household
waste) to the moving debris and these have added up in filling the community. They
maintained that, this behavior sometimes leave the area with a stench (figure 5.6). The
respondents further added that, this act is part of the main contribution to flooding in the
community. The study realized that, another cause of floods in the community is mass
wasting. Mass wasting and floods are closely related to intense rainfall, runoff and ground

saturation hence mass wasting events can block channels and drainage inhibiting the free

flow of water. This can caus e backwater floodint he area. This finding corresponds

with that of Hig ss wasting and flooding

are closely rela ass wasting dams that

can subsequent W high ome concerns raised by

“The sa We ught fron We used to be on a low
and flat S thelre 7 -' re sand fills this place.
s their side. This is also
5 the reason why you see
a Junction).

s!and started filling

the -commul t¥| ?rdue mﬂ d deforestation. The sand
here is sometimes mined and-sold to-the constructors by the youths if not for that

I’'m sure it would have been more than what you see here” (A 62 years old female

pensioner from Tuba Junction).
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Whiles Tuba Junction suffered from filling of sand in their communities, floods and
pollution from waste, Choice on the other hand suffered from sand filling their homes and
pollution from dust as a result of sand winning. Respondents commented that, lots of dust
are released into the atmosphere causing respiratory problems as they inhale the dust and
dirtying their washed clothes in the process. The residents who suffer from these are the
respondents right opposite the base of the mountain undergoing sand winning and residents
with their homes just at the base of the mountain. Some respondents had this to say,

“I live just opposite the area where sand is being mined. Anytime it rains, lots of
sand is carried into my compound. It was not like that when we first moved here
but since
Even the

0.experience these changes.

| volume of water with
a little s n see that there is more
sand in because I cough a lot
of the amount of dust it

m Choice).

A 36-year old 1

“My kia atory issues since 2019.

g mined, we experience

0 3 times a day because

‘ qys dirtying our clothes™
(A 36 yea 0

2 _ =
5.2.2.2 Socio-Econamig Impacts of Mass-Wasting™ -~ . 1= |I e
: INTEGRI PROCEDAMUS.
The study discovered the difficulty touse roads as a result of mass wasting (figure 5.7) for
both study communities. At Tuba Junction, while some of the roads have been destroyed

by deep gullies, others have been flooded making movement of the road difficult. The
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phenomenon is more severe around Michigani from where debris reach Osiadan
Construction Limited down to the Accra-Kasoa highway blocking a part of the road thereby
hindering vehicular movement. This findings holds true the assertion of Perera et al. (2018)
that an effects of mass wasting is blocking of roads thus making them inaccessible. Also,
the result is in tandem with the reports of ABC News (2019) and Acquah (2019).

One of the respondents commented,

“Nobody can use this road when it rains. The mud from the hills fills up this half of
the road going to Accra, Madina and the others and this ends up causing a lot of
traffic as all drivers are forced to use the other lane heading to Kasoa, Winneba
and the others. It is an eyesore ” (é 44 years old ﬂale Eonstruction worker from

Some roads at akes movement on the

road especially e hill sometimes fill the

1t we go through in this
n to fill the road making
' the road. The drivers
ion. We sometimes have

to descend’

34@mal — : i

Responderuﬂs addes“thh'ﬂl TLEEn_f W@M‘q

n
ss their shops due to the

condition of the roads and mass wasting e{/ents, it affects their daily sales (figure 5.7). This

response was peculiar to respondents at Tuba Junction. During mass wasting events, shop
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owners around the Kasoa-Weija Highway are lose their daily sales they are forced to
sometimes close their shops. Respondents around the Kasoa tollbooth complained about
flooding during the rainfall seasons and mass wasting season. They have to focus on saving
both their wares and their shops. Further, due of mass wasting, some drivers would often
have to make extensive detours in order to reach their destination thereby increasing their
time of travel but not sales. As some of the drivers could have made twice the income they
made on a trip. Others use the situation to their advantage by charging huge amounts for
“dropping” as passengers would not have any option than to board them. The study

revealed that, fuel consumption increases during these times as lots of cars are caught in

traffic increasin 'g fuel consumption and

delays to road us

PERCENTAGE COUNT

| No
cts sales
Tuba Junct .8 p 78.5

Choice 3 100

Junction M Choice

=
|

Impacts-of Mass-Wasti

Figure 5. 8; Socioseco | W
sardl PROCEDA

KTk :
Source: Author’s Field Data, ™
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5.2.3 Mitigation and Coping Strategies

The study went further to know the various strategies that have been or are being put in
place to by respondents to protect themselves against mass wasting hazards. Surprisingly,
though majority of respondents knew about mass wasting hazards, their occurrence and the
looming danger in their various communities, about 76 percent of the respondents have
taken no step to protect themselves in the case of a disaster (Table 5.2) though most of
these respondents admitted to knowing that they are prone to danger. The study found out
that, majority of the respondents have not particularly taken a step to protecting themselves

because they view that as the responsibility of the local government thus till that aid comes,

they probably a Ives. The study realised

that majority of vernment for what they

were experienci to fix the situation and

for that reason | as a dual stand on this

because though 0 protect the citizens of

the community, eep themselves and their

properties safe, elation is in consonance

with the study ¢ Bromhead (2012) which

revealed that thc lems of mass wasting in
their communities, t

b'f!'n‘emi /es.

to protect th
i

ence they had done nothing
=%
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Table 5. 2: Measures Undertaken by Respondents to Cope with Mass Wasting

Location | Community | Protection of | Identification of Relocate Done Nothing
important safe exit routes
documents
and personal
belongings
Yes No Yes | No (%) | Yes No Yes No
%) | (%) | (%) ) | (%) [ (%) | (%)
Summit | Tuba Junction 0 100 0 100 0 100 100 0
Choice 0 100 0 100| 235| 765| 765 | 235
Slope Tuba Junction 0 100 6.7 93.3 0 100 | 86.7| 13.3
Choice 179 | 821 7.7 92.3 771 923| 615| 385
Base Tuba Junction 25 75 8.3 91.7 0 100 | 83.3| 16.7
Choice 0 100 0 100 0 100 | 97.1 2.9

Source: Author

About 17.9 per : | S| i 5 percent from the base
of the mountai ct themselves and their
properties (residence;shops-among others er of options were sighted
at the study co ominant (Plate J) whiles
Choice had saJ s (Plate K). There two
major types of r ning walls and retaining
walls made out ‘among residents around

Kasoa Toll Booth 1o them, it is this retaining

walls that @‘tion the toll"be SWasting. Itwa red that the debris

that moved down $e iu?l i'?e was-trapped by these-wal @g to reduce mass wasting
EGR| PROCEDN

events around the toll booth. This is-also-one of the major reasons why that part of the
community has been filled with lots of sand. It was also realised that the walls were being

buried by the debris from the hills. The respondents revealed that the church had to build a
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second wall as the first one was being submerged by the debris. It can be concluded that

the second wall will also be covered up in no time.
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Plate 5. 6: Retaining Walls at Tuba Junction
Source: Author’s Field Data, 2020
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Source. Author s Field Data, 2020
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A respondent commented,

“I erected this sand bar in front of my house to redirect the flow of mud and water
from entering my house. This has been my source of help but as you can see it is
almost covered up by debris.” (A 65 years old female trader from Choice)

Some respondents along the slope and at the base of the hill of Tuba Junction and others
along the slope at Choice have identified safe exit routes in cases of disaster. Respondents
from Tuba Junction have identified another relatively longer route leading to Kasoa old
barrier through Kokrobite. Other respondents have plans of relocating in the future to other

areas they saw to be safer as compared to their current location though upon interrogation

had no specific en the en ove. These were mainly

“All of 1 o in thi ; ity ki ¢ afe. I will say we were
‘ inning the sand. Things
| get money to a safer

ely move.” (A 36 years

Preventing mass S ct desi i e such as roads, houses,

schools, railroads, a : : uses. ° iculty with the option of
. = o 2 -\‘h

prevention s ostgofy this infrastrietdre” was devel ;groper prevention

|Eﬁ@ﬁmm;5§s ndents Hgave various ways

through which they perceived mass wastihg in the study communities could be remedied.

i
techniques could be

These remedies are shown in figure 5.8 to some respondents, an integrated approach to
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curbing the situation was more sustainable. This integrated approach comprises both soft
and hard measures (Adu-Boahen et al., 2020). While some were of the opinion that mass
wasting can be remedied, others thought otherwise. About 17 percent of the respondents
were of the view that nothing can be done to remedy mass wasting in the study communities
(figure 5.8). These respondents lamented that they have lost hope in the government and
the system. Additionally, about 40 percent of the respondents suggested that the only way
out is to end sand winning and stone quarrying as these practices have greatly altered the
landscape. This response was a concern to both study communities as they both revealed
that the inception of sand winning in the communities led to the commencement of mass

wasting due to t hey require that the act

be abolished so ¢ ommunity.

N W
v O

PERCENTAGE COUNT
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v o

=
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Tree planti it
and retaing w 8

Figure 5. 9: Percei fleasures to Manage Mass Wa

Source: Author’s Fliélgfélia,ta, 2020 s i
J 1

E'l .l ﬂ:‘ l" rﬁi -h" L H- A kA1 s

About 12 percent of respondents further added that, tree planting and the construction of

retaining will be appropriate in controlling mass wasting. The presence of vegetation has
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the ability to protect and prevent excessive erosion as bare lands tend to have more gullies
and erosional processes than areas with vegetation. This confirms Adu-Boahen et al.'s
(2020) assertion that mass wasting liaises with other factors to cause mass wasting.
Retaining walls on the other side are meant to hold the soil on the slope without it eroding,
keeping it from collapsing. Respondents believe that encouraging tree planting and the
construction of retaining walls on the hill will help check mass wasting. Community
planning formed about 11 percent of the responses. Community planning for this study
includes construction of drainage systems and following good building practices. Both

study communities have no well-engineered drainage systems. Tuba Junction has one big

drain in front o ucted by the municipal
om the hill. This drain
5 as it is the only well-
constructed dra e The NEVE een packed with debris
leaving it choc < 7 | Jer serve the purpose for

which it was cc

ies can help reduce the
amount of deb Highway. Furthermore,
understanding e of building that should
be constructed y is crucial in reducing
the events of mass W
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§iruction Limited

pacts of mass wasting.
opted by respondents to

of the respondents, on

ss wasting as that is seen as

the respons@.ﬁ‘the municipal as ‘ e few umbers_@u!adopted measures
like construction nd: bars_and-retaini IS 5, hize axt chapter discusses the
q: W EERT PROCESRRMIS

conclusions and recommendations of the study.
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CHAPTER SIX
SUMMARY OF KEY FINDINGS, CONCLUSIONS AND RECOMMENDATIONS
6.0 Introduction
This final chapter summarizes the main findings of the study. It also draws some of the

important conclusions and makes recommendations for policy consideration.

6.1 Summary of Key Findings
This study has highlighted some salient issues surrounding the triggers of mass wasting in

Metropolitan Accra. Below are the main findings vis-a-vis the objectives of the study.

6.1.1 Vulnera
The study firs ulation to analyse the
demographics Il the respondents had
knowledge abo more than half of the
respondents we re living in the study
communities be ed that majority of them
had lived there d out that television was
the main source " ” asting along n personal experiences

with mass wasting.

i
-used DEM derivatives,

To know ihe-vulrvg aﬂﬂWEﬁH_pﬁﬁmEWt‘
geological, land use, soils, rainfall, proxifm‘E td faults, distance from roads and distance to

water bodies, and an inventory map containing 20 mass wasting points was used to develop
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hazard map for the municipalities. The potential mass wasting hazard map showed that
areas around the coast along with majority of the areas in Weija-Gbawe as well as areas
around the southern part of the Weija Lake were very much susceptible to mass wasting.
Again, the northern part of both municipality were exhibiting lower levels of susceptibility

to mass wasting. The study areas fell in the moderate risks zone.

6.1.2 Residents’ Perceived Risk to Mass Wasting
The perceived causes of mass wasting according to the respondents were both

anthropogenic and natural causes but the most perceived pronounced cause is

anthropogenic Jns of natural processes

causing mass V\w r4equent anthropogenic
factors ocuring  is sand winning whiles

that of natural ock falls were the types

of mass wasting

nces mainly debris flow

and rock falls. tal and socioeconomic

impacts on resi environmental impacts,

Choice experie d homes as well as gully
\

creation whiles ding as a result of mass

wasting. With S0Ci0 a Junction makes it difficult

|
0 use roads in the

communlty“"Agam hﬂ@%ﬁﬁ@g@@ms astmgfls causing lots fear,

stress and anxiety to respondents of the communlty as the event is making them feel unsafe

to withstand any threat future mass wasting event. Thus, the residents at the summit of the
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hill of both study communities perceived themselves to low risk of mass wasting.
Respondents along the slope and the base of the hill perceived themselves to be between
moderate to very high risk of mass wasting. The study recognized that, mass wasting at
Tuba Junction was more pronounced and risky than that of Choice due to the number of

years of land degradation.

Lastly, the hazard map showed that, communities at the north part of the Ga South
municipal is less prone to mass wasting whiles most of the southern part is at his high of

disastrous mass wasting events. Weija-Gbawe municipal on the other hand showed a higher

risk of mass w. w risk of mass wasting.
6.1.3 Mitigatio
The study fount ut mass wasting and its
impacts, majorif 7 ‘ s against the impact due
to unwillingnes : . | -7 pi yvernment. Others have
found ways to nd safe exit routes and
others plan on - Concerning mitigation
strategies, the ing and quarrying the
community as that W

=

| u’& J R
6.2 Conclusion| | TEGR| P h&EDAW?_
Based on the discussions of the fir;dings,ftﬁlfotllov;inlg conclusions were drawn from the

study. Mass wasting is a big challenge Ga South and the Weija-Gbawe municipalities
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which is causing very devastating effects. Respondents at the summit of the hill perceive
themselves to be safe from mass wasting because the saw themselves to be far from the
areas where mass wasting events were occurring. Respondents along the slope and the base
were the ones at the mercy of the event. This has caused lots of stress and anxiety for
respondents and lots of environmental as well as socio-economic impacts in the

community.

Also, the absence of drainage facilities in the community is adding salt to injury as abrasive
processes occurs even as debris are being carried away. This creates new gullies and further

widens old one

Additionally, t ecade has increased the

amount of pres uman activity whether

economic or s erable. Natural factors

however synch S wasting.

Though modest for the municipalities. It

underlines the 3 d the areas that are not.

It is capable of ass

o Wy
management-.in_ th G

T i g o

demonstrated-the in
area to channel more resources and which area needs more attention so far as management

ass wasting mitigation and
=%

study has also

n
lear description of which
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and mitigation is concerned. It is also going to help in further studies with regards to mass

wasting hazard mapping in other communities.

6.3 Recommendations for Policy Consideration
On the basis of the findings, the following recommendations are proposed for policy

consideration:

6.3.1 Construction of Drainage Systems

Drainage management is often a crucial remedial measure due to the important role played

by pore-water , 2016). Both study

communities | as constructed at Tuba
Junction to help ollecting the sediments
from the hill. 1 )nly proper drain in the
community, pui and run-offs from the
community. T es have resulted in the
formation of de ore susceptible to mass
wasting. The st tems as this will prevent
erosion and red y. It is noteworthy that,

adequate surface dra

u@_

6.3.2 Stren'g'thenirE sﬂm?ﬁ@ﬁﬁh@; rietTES

Deep gullies, surface erosion, huge cracks, hollows as well as hanging rock and earth

landslides.
sl

masses found at the study communities can be remedied using engineering techniques. All
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hanging rocks and earth masses should be knocked down to avoid the risk to life and
property from falling rock and earth masses. Huge cracks and hollows found at Tuba
Junction can either be sealed or knocked down as well to prevent water from entering into
the earth mass, which results in greater risk of mass wasting. Retaining walls can be used
to hold the earth materials in place creating stable surfaces, preventing mass wasting at the

long run.

In Tuba Junction, deep gullies as well as surface erosion were found. These were formed

by an increase in surface run-off due to the absence of proper drainage facilities. The

presence of dee ons for occupation and

development i ity were vehicles could
not access due S to curb the creation of
gullies. Itis the: ng gully erosion (Carey
etal., 2015). Shi osion if they are closely
spaced that the ater from having direct
contact with t shrubs can reduce flow
velocities and t use of fertilizer can meet
the nutritional n are often infertile (Carey
b Iizertr]gﬂland especially the

J a bull dozer used
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6.3.3 Public Education and Sensitization

The results of the study revealed that, though respondents knew about mass wasting and
its effects, measures had not been put in place to protect both themselves and their
properties. It was deduced that, majority of the respondents had no idea of the practices to
put in place in order to protect themselves and their properties as others thought it was the
responsibility of the government to see to it that they are protected. It is suggested that
issue of public sensitization by the local government should be intensified. An intensive
educational campaign should be embarked on focusing on teaching respondents best

practices to put in place to protect themselves as well as their properties by both the

National Disas ment. The study again

showed that t information thus the

television can e communities. Though

not mentioned ‘ ‘ ed.

6.3.4 Re-Eval

The study sugg the two municipalities.

This new plan s ‘all other areas that were

designated as i a breakdown in political

systems or land tent ' i : : igation and refortification
O ' — b=,
methods that wil adyroccupyi i ; !A building policy

" H“ S S e |
should be put-toget dﬁTEﬁmopﬁﬁEEme‘t_ ir-lives and properties. In

cases where the area is more broken and sfusceptible, relocation should be suggested.
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6.3.5 Community-based Approach to Mass Wasting Mitigation

During the field research, it was noted that residents were not involved in programs aimed
at reducing their vulnerability to disasters. It therefore suggests that, it is most effective
when the community is involved regularly in programs for reducing vulnerability to
disasters like mass wasting. This helps them as direct beneficiaries to assess in detail their
own physical, social and economic risks and again helps them to deal with it in a more

personal, direct and effective way (ADPC, 2004).

6.3.6 Sanctions

The field studi going though the local

assemblies me ould therefore be put in
place to deter urther deteriorating the

land. As reside ing, they should also be

made aware of | serve as a deterrent to

many.
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APPENDICES
APPENDIX A

UNIVERSITY OF GHANA
DEPARTMENT OF GEOGRAPHY AND RESOURCE DEVELOPMENT
HOUSEHOLD SURVEY QUESTIONNAIRE
My name is Abigail Ama Kum Arhinful, a second year MPhil student from the Department

of Geography and Resource dy entitled “Understanding

Mass Wasting ess whereby part of the

earth is detache ch as rain, earthquakes,
steepening of s dy seeks to know your
knowledge of t non, your preparedness
against its dange bly requested and your
privacy is assu ill be treated strictly as
confidential an erences will be made to
the respondents

Thank you.

Community/Are

Location (on/near/]

=)

< INTEGRI PROCEDAMUS.

|
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Please tick + the alphabet to indicate your response and where necessary, write your
response in the space provided.

SECTION A
DEMOGRAPHICS
1. Gender
a. Male b. Female c. Others...............
2. Ager ..o

3. Level of education
a. None (No formal education) b. Primary C. Junior High School/
Middle school d. Senior High School/Vocational/Technical Institute e.
Tertiary Education f. Others (Please specify)..............cooevviininnn..
4. QOccupation

fat do yqy TReare.some of the Calies. afmaiing? (1
can) I!HT‘;Ei-ﬂinl FHD‘:ED‘W_%_-
a. Sand winning b. Quarrying c. Steepening of slope for construction d.
Earthquakes e. Heavy rainfall f. Tree removal

(deforestation)
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10. What are some of the strategies you think could be adopted in controlling effects of

mass wasting?

11. Has the community been faced with this event before? (If No, skip to 14 & 15)
a. Yes b. No

12. If yes, can you describe it?

rception of exposure to

d. Highrisk e. Very
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PART Il
Experience
18. From the following sentences which one best indicates your experience with mass
wasting, please?
a. You have experienced mass wasting in this communitiy
b. You have not personally experienced mass wasting, but a relative or close friend
has
c. You have suffered the impacts of mass wasting
d. You have never suffered from the impact of mass wasting, neither has a relative
nor a close friend
e. You have only heard, read or seen information related to mass wasting on the

News

PART Il
Preparedness
19. How @ very few times,
heard tly)

Location of s

to for safety)

at-need.to_be |
EGRI PROGE!

Ways people need to organise and

evacuated

participate in community activities
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The importance of having a radio with

batteries

Preparation of food and water supplies

People responsible of providing an alert in

case of emergency

20. Which of the following recommendations have you undertaken to cope with mass

wasting hazards (tick as many as you can)

Protecting important documents or personal belongings

o o

Knowing the location of shelters

Identification of safe exit routes

o o

Ensuring a provision of water and food su

c.  probably

22. How sary : g very  necessary,

moderately

ightly necessary,

Implementation of 3

commun% ' ﬁl
S fe&

community preparedness.

Provision of health programmes for
people affected by disasters
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Inclusion people in programmes for
communicating mass wasting

risk

Provision of information on the best
practices for protecting

belongings during an emergency

Promotion of evacuation drills in areas

at risk

Relocation of people who live in areas at

risk

Mass wasting instrumentation and

monitoring

Prohibiting co

areas at risk

PART IV
Participati

23. Do you )cal government to help

make th

a. Yes
24, If yes,
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APPENDIX B

INTERVIEW GUIDE FOR ASSEMBLY MEN AND MUNICIPAL HEADS.
Name of official: Position:

Name of Assembly:

1.

© o~ w D

14.
15.
16.

Do you know about mass wasting?

Are there occurrences or prone areas in this municipality?
What are some of the types happening in the municipality?
Which areas of the municipality?

What causes these events (both physical and anthropological)?

What are the measures being put in place to prevent catastrophic mass wasting

events?
Incase an event happens, how fast can you salvage the situation?
Do peop - Id | . ‘ ! are you doing about
that? d
How ar |
. Are these areas ' ding since are prone areas?
Any pol ‘
. Are ther i 167 r the municipality
doing sc
Do you
(Early S monitoring, forecasting
and pre N, disas isk 7 1d [ ation and preparedness

viduals, communities,

o reduce disaster risk in
=%

Are@;entific or locall

Aré these @agt> |
Do you engage@omﬁﬁm rﬂﬂ@ﬁEWﬁe Vironmental sensitization?

(Education on best practices, bqumg locations, livelihood strategies)
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