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INTRODUCTION

Environmental Hazards and Natural Disaster Managéng a two
credit course. It will be available to all studetdgake towards the core
module of their B.Sc (Hons) in Environmental Stgddanagement. It
will also be appropriate as one-off course for argyavho wants to be
acquainted with the Natural and Environmental De&sor/and does
not intend to complete the NOUN qualification.

The course is designed to contain ten units, whngblve fundamental
concepts and issues on Environmental Hazards ansastrs

Management across the World and how to control madage these
disasters. The material has been designed to asigilgnts in Nigeria by
adapting the examples to our local communities. iRbention of this

course therefore, is to help the learner to be rfeoreliar with Disaster

Management.

There are no compulsory prerequisites for this ssualthough basic
prior knowledge in geography, biology and chemistryery important
in assisting the learner through this course.

This Course Guide tells you in brief what the ceurs about, what
course materials you will be using and how you wamk your way
through these materials. It gives suggestions omesgeneral guidelines
for the amount of time you are likely to spend acteunit of the course
in order to complete it successfully. It also giyesi some guidance on
your tutor-marked assignments. Detailed information tutor-marked
assignments is found in a separate booklet.

WHAT YOU WILL LEARN IN THIS COURSE

The basic aim of Environmental Hazards and Natubasaster
Management is to acquaint learners with the basiacepts of
Environmental Hazards and Natural Disaster Managénier the
enhancement of Environmental Resources Managenmentligeria.
During this course, you will learn about Naturalsasiters such
earthquakes, volcanic eruption, Snow Avalanche anther
environmental hazards that may be experienced @& Nhgerian
environment. Some common environmental hazardsigeri such as
flood, drought, desertification, landslide and a@a will be discussed
in this course.

The course will give you general overview of theoqass of the
occurrence of some of these hazards, causes, cmrszrs and
management of these environmental hazards.
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COURSE AIMS

The aim of the course can be summarized as folldwscourse aims to
give learners a clear conceptualisation of thecbmsues surrounding
the causes, effects and control management ofa@maental hazards in
Nigeria and around the world.

This will be achieved by aiming to:

1. Introduce you to the basic concepts of environniendaards.
Outline common environmental disasters in Nigeria.

2. Explain the causes of some environmental disaster

3. Discuss common consequences of environmental hazard

4 State management techniques that will aid the mamagt of
the environment.

COURSE OBJECTIVES

To achieve the aims outlined above, the coursemaisll objectives.

Added to this, each unit also has specific objestivi he unit objectives
are always included at the onset of each unit; y@uexpected to read
them before you start working through the unit. Yoay wish to make

reference to them during your course of study efuhit to guide your

progress. Cultivate the habit of always going b#&xkcheck the unit

objectives after completing a unit.

The essence of this is to ensure that you have diia¢ is required of
you by the unit.

Outlined below are the broad objectives of the sews a whole. When
you meet these objectives, you should have achidvedims of the
course as a whole.

When you have successfully completed this course, should be
able to:

. Explain the concept of environmental hazard s.

. State the difference between environmental hazamldsnatural
disasters.

. Outline some environmental hazards in Nigeria.

. Mention basic problems associated with environmenta
hazards in Nigeria.

. Relate the causes of environmental hazards in Nager

. Discuss on the methods of controlling environmehtards in

Nigeria and other parts of the World.
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WORKING THROUGH THIS COURSE
To end this course you are expected to read thay stnits and some
other materials and resources made available tobyoNOUN. These

will work together in facilitating your learning. ot are expected to
undertake all practical exercises outlined in eaah

COURSE MATERIALS

Major components of the course are:

1. Course Guide

2. Study units

3. Other sources

STUDY UNITS

Module 1

Unit 1 Introduction to Environmental Harzards dndasters
Unit 2 Earthquake

Unit 3 Floods

Unit 4 Drought & Desertification: Concepts and Gaais
Unit 5 Impacts of Droughts and Desertification
Module 2

Unit 1 Volcanic Hazards (1)

Unit 2 Volcanic Hazards (Il)

Unit 3 Landslide

Unit 4 Snows Avalanches

Unit 5 Acid Rain

Each study unit consists of about three hours ofkwand includes
specific objectives, directions for study, referesiccommentaries on
some terms, other resources and summaries of msajos and ideas.

The units direct you to work on exercises relattheorequired readings.
Together with tutor-marked assignments, these eseavill assist you
in achieving the stated learning objectives ofititkvidual units and of
the course.

ASSESSMENT

There are two aspects to the assessment of theecokirst, are the
tutor-marked assignments, second, there is a witamination.

Vi
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At the end of the course you will need to sit forfiaal written
examination.

TUTOR-MARKED ASSIGNMENT S(TMAS)

There are five tutor-marked assignments in thisrsmuYou are
encouraged to answer all of the questions, or ixtéid by the course
coordinator/facilitator.

COURSE OVERVIEW

This table brings together the number of units #ral tutor- marked
assignments in this course

HOW TO GET THE MOST FROM THIS COURSE

In distance and open learning, the study unitslaep the university
lecturer. This is one of the greatest benefitsgdrolearning; you can
read and work through specially designed study rredtat your own
pace, and at a time and place that suit you béshkTof it as reading
the lecture instead of listening to a lecturer.the same way that a
lecturer might set you some reading to do, the ystugits tell you
when to read your set books or other material, w@hen to undertake
an exercise or a practical step. As a lecturer mgghe you an in-
class exercise, your study units provide exercieesyou to do at
appropriate points.

Each of the study units has a similar for mat. Tingt item is an
introduction to the subject matter of the unit dwaav a particular unit is
integrated with the other units and the course ah@e. Next, is a set
of learning objectives. These objectives let yoalise what you should
be able to do by the time you have completed thie These objectives
are to be used as study guide.

On completion of a unit, go back and ascertairoif nave achieved the
objectives. If you have made a habit of doing s will significantly
improve your chances of passing the course.

The main body of the unit guide you through the rseucontents.
Some units require you to undertake practical eserc

The following is a practical strategy for workingrough the course.

When you need help, don t hesitate to call andyask tutor to provide

it.

1. Read this course Guide thoroughly

2. Organize a stud y schedule. See the course overfgewnore
details.

vii
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10.

viii

Once you have created your own study schedule vdoything
you can to stick to it. The major reason that stisldail is that
get behind with their course work. If you get imlifficulties with
your schedule, please let your tutor know befoiis tbo late for
help.

Turn to unit 1 and read the introduction and thectives for the
unit.

Assemble the study materials. Information abouttwioai need
for a unit is given in the over view at the begmqbf each unit.
Work through the unit. The content of the unit litdeas been
arranged to provide a sequence for you to follow.

Review the objectives for each study unit to confithat you
have achieved them. If you feel unsure about anythef
objectives, review the study material or consuliryitor.

When you are confident that you have achieved & ani
objectives, you can then start on the next unibc@ed unit by
unit through the course and try to pace your stsalythat you
keep yourself on schedule.

When you have submitted an assignment to your témor
marking, do not wait for its return before startmgthe next unit.
Keep to your schedule. When the assignment is metiirpay
particular attention to your tutor s comments, boththe tutor-
marked assignment form and also written on thegassent.
Consult your tutor as soon as possible if you reawe questions
or problems.

After completing the last unit, review the coursed gprepare
yourself for the final examination. Check that ymave achieved
the unit objectives (listed at the beginning of reanit) and the
course objectives ( listed in this Course Guide).
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MODULE 1

Unit 1 Introduction to Environmental Hazards andd3ters
Unit 2 Earthquake

Unit 3 Floods

Unit 4 Drought & Desertification: Concepts and Gaais
Unit 5 Impacts of Droughts and Desertification

UNIT 1 INTRODUCTION TO  ENVIRONMENTAL
HARZARDSAND DISASTERS

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1  The Toll of Environmental Hazards
3.2  Environmental Hazards and Development
3.3  Perspectives on Prevention and Reconstruofidsatural
Hazards
3.4  Reducing the Impact of Natural Hazards
4.0 Conclusion
5.0 Summary
6.0 References/Further Reading

1.0 INTRODUCTION

Welcome to yet another exiting and interactive leag on
the environment. | want you to realise that you dred to
the privileged few that have the opportunity to g
knowledge and skills that can reshape our besbbthis class that is
devoted to Environmental Hazards.

Environmental hazards may be considered as a spgga of
environmental problem that demands special attentimat is
why environmentalist at the National Open Univeysiof
Nigeria has devoted an entire course to this global
environmental problem that is threatening the eris¢ of humanity.

This first chapter is the first of a series of tdasigned to
stimulate your intellectual appetite; hence it wiltroduce you to
environmental hazards.
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20 OBJECTIVES

At the end of this unit you should be able to:

o explain the concept of environmental hazards
o mention four types of environmental hazards
o state two effects of natural hazards on the

development of a building facility in a site prone
to any name d environmental hazards

3.0 MAINCONTENT

Environmental hazards may be likened to Environalergsources as
both evolve from the Earth s natural systems butaint you to
understand that environmental hazards are more ofegative
resource. So it is a clear fact that in every setisd environmental
hazards are an element of the environmental prabmnrently
capturing so much public attention. They causeattexation of natural
ecosystems; heighten the effects of those ecosystem
degradation, thus reflecting the human induce dadpardone to the
environments, and many times affecting a large mupegoulation.

Traditionally almost every environmentally relatédok on natural
hazards paints the picture of a chronicle of deathd

destruction, a similar accounting of damage avoigedimost
never included. But the effects of the disasterseduby natural
hazards can be greatly reduced by action takendwvamce to
reduce vulnerability to them. Industrialized coiedr have made
progress at reducing the impacts of hurricanes, odfg

earthquakes, volcanic eruptions and landslides (QAS0).

For instance, Hurricane Gilbert, recorded as bethg most

powerful hurricane ever recorded in the Western ligrhere,

was said to be responsible for 316 fatalities, tiouless

forceful hurricane killed thousands of people earliin the

century. A combination of zoning restrictions anchproved

structures together with new prediction, monitoringarning,

and evacuation systems made the difference. Latnerika n and
Caribbean countries have reduced loss of life freome hazards,
principally through disaster preparedness and resgothey now have
the opportunity to reduce economic losses througigation in the

context of development to a greater extent thay tiawe to date.

The disasters caused by environmental hazards ajenardemand for
enormous amounts of capital to replace what isrolgsti and damaged.
The development community should address this idseeause it

2
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affords, among all environmental issues, the mosinageable of
situations:  the risks are readily identified, mtigpn measures are
available, and the benefits that accrue from valbiity reduction

actions are high in relation to costs.

3.1 TheToall of Environmental Hazards
Today the depressing regularity of environmentaasiiers is making

headline News of National and International primid aelectronic
media. Each year one or more hurricane strike€Hrédbean region.

REFLECTION
If this is the experience in your city or town, what would be your
reaction? Share your thoughts with at least two of your course mate.

The destructive ones noted in history include hoamie Gilbert in
1988 and Hugo in 1989, and Katrina in 2005 causglibibs of
dollars of damage. Flooding, too, occurs annudbyt no reliable
estimates are available of the cost in human lind @roperty.
Earthquakes and volcanic eruptions Ruiz in unpradie with
disastrous effects: the mudslide precipitated bg #ruption of
Volcanic Ruiz in Colombia in 1985 killed 21, 800 gqpe, and
earthquakes in Mexico (1985) and El Salvador (198é¢ther killed
more than 10,000( OAS, 1990).

Landslides are limited in area. But occur so fraghethat they

account for hundreds of millions of dollars in dageaevery

year. While not as spectacular, drought can be nm@mnful to

agricultural production than hurricanes. After th®71 drought,
for example, banana production in Saint Lucia ditinecover fully until

1976. Disaster aid, however, is scarce in the refpo these types of
pervasive, slow-onset hazard.

Over the past 30 years average annual costs ofaladisasters
to Latin America and the Caribbean were 6,000 ljvadverse
effects on 3 million people, and US$1.8 billion ghysical
damage. Moreover, the impacts are increasing: durd®60s
approximately 10 million people were killed, injuredisplaced,
or otherwise affected; the number for the 1970s wixstimes
larger, and for the 1980s, three time larger.

In addition to the direct social and economic intpaatural disasters
can affect employment, the balance of trade, aneigo indebtedness
for years after their occurrence. After Hurricanefi Fstruck
Honduras in 1974, for example, employment in agdtime
decreased by 70 percent. Funds intended for deved¢op are

3
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diverted into costly relief efforts. These indirebtit profound

economic effects and their drain on the limited dannow

available for new investment compound the tragetig disaster

in a developing country. Furthermore, internatiomalief and

rehabilitation assistance has been insufficient cmmpensate
countries for their losses; during the period 19888, reconstruction
assistance amounted to only 13 percent of the atadrnvalue of losses
(OAS, (1990).

3.2 Environmental Hazards and Development

The losses are a concern not only for the countneshich they

occur but also for international lending agenciesl ahe private

sector which are interested in protecting their n®aand

investments. The investments are often at risk adthb
environmental hazards and the side effects of dgwaknt

projects that exacerbate these hazards. For exaaxaessive erosion
and siltation reduces the useful life of large mpultpose dams.

Many smaller dams in the region also experiencedhiypes of
damage: accelerated erosion caused by a hurricdea fhalf
the storage capacity of a reservoir in the Dominiddepublic
virtually overnight. As a result of these concerpngsg important
lender, the Inter-American Development Bank, isdying the
process of evaluating dam projects on the grourtdg more
realistic methods of estimating life expectancy aust-benefit
ratios will have to be introduced if the problem @fosion and
estimating life expectancy and cost-benefit ratiwoiél have to
be introduced if the problem of erosion and silbaticannot be
resolved satisfactorily for any project.

While the development efforts of the past have lgidueconomic

advancement to many parts of the world, they hage arought

unwise or unsustainable uses of the natural ressurbase.
Indeed, in recent years, the United Nations spéexadl

conferences on the human environment, desertiboatiwater

management, deforestation, and human settlemehtpoaht to

environmental degradation brought about by develepm and

the corresponding reduction in the capacity of a@osgstem to
mitigate natural hazards. Nevertheless, developnag@ncies often
continue to operate as though their activities madiral disasters were
separate issues.
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REFLECTION

As Gunnar Haman points out in Prevention is Better than Cure
When a disaster has occurred, development agencies have
regarded it as a nuisance and tried to avoid becoming
involved; or even worse, the risk of existing or new potential
hazards has been over-looked in the planning and
implementation of some development activities, it is now being
observed that intensive development may be the cause of many
new disastersin poor countries.

Until quite recently, in fact, many practitionerselieved that
development efforts themselves would spontanequslyide solutions
to problems posed by natural hazard.

Environmental deficiencies generated by the coodsi of
underdevelopment and natural disasters pose greod®gms and
can best be remedied by accelerated developmewughr the
transfer of financial and technological assistaasa supplement to
the domestic effort of the development countrieA$0(1990).

In the intervening eighteen years enormous amoohtBnancial
aid and sustained technical assistance have bemndped, but far
from reducing the effects of natural disasters, alegment has
contributed to disaster vulnerability in areas whére presence of
hazards was not properly assessed.

While the link between natural disasters and dewalent has bee
n demonstrated repeatedly, governments and lendgencies do
not yet systematically integrate the consideratioh natural

hazards into project preparation. Past losses hadvulnerability

of infrastructure have reached such levels thatsame areas
development assistance consists almost entirelgisdister relief
and rehabilitation.

When loan proceeds are routinely programmed for
reconstruction, little remains for reconstructioreends have
brought about a reassessment of economic developpregrams
in  Bolivia, Colombia, Ecuador, El Salvador, Guatéma
Nicaragua, Peru, the Paraguay River Basin, and raéve
Caribbean island countries. There is a growing @&mwass that
natural hazard management is a pivotal issue ofelbgment
theory and practice. The United Nations declarehel 1990s as
the International Decade for Natural Disaster Reunc
(IDNDR) and called on developing countries to pagdate
actively in reducing disaster vulnerability. The ganization of
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American States (OAS) has endorsed the IDNDR andlema
natural hazard management a priority technicalstasce area.

3.3 Pergpectives on Prevention and Reconstruction of Natural
Hazards

A key element to be addressed in this decade is the
distribution of resources between disaster presanand post-
disaster efforts. Prevention, which includes stowat measures (e.g.,
making structures more hazard-resistant) and nowecsiral
measures (e.g., land-use restrictions), is a ci®tcdve means

of reducing the toll on life and property.

Post-disaster relief and reconstruction measuresi@portant for
humanitarian reasons, and may include improventbatsare designed
to prevent or mitigate future disasters. This isremsingly the
case in projects funded by development financingaarizations.
Nevertheless, post-disaster measures are dispiapaely costly
for each life save d and each building reconstrductests of jobs and
production associated with disasters. It is useful this
regard to distinguish between hazard management disaster
management. Both include the complete array ofepest and post-
event measures, but they differ in their focus.aBier management is
concerned with specific events that destroy lives property to such an
extent that international assistance is often meddogan &
Marandola, 2007).

Hazard management addresses the potentially demriahe
effects of all natural hazardous events, whethernot they
result in a disaster; it is the more inclusive bkttwo terms,
seeking to incorporate consideration of naturaldrds in all

development actions, regardless of the severityha&f impact.
It thus concentrates more on the analysis of hazarihe
assessment of the risk they present, and the pteserand

mitigation of their impact, while disaster managerhéends to
concentration more on preparedness, alert, resaedef,

rehabilitation, and reconstruction.

Despite the clear economic and humanitarian adgmstaof
prevention, it is relief and reconstruction measutkat typically
enjoy political and financial support. Donor natsoquickly offer
sophisticated equipment and highly trained persbforesearch and
rescue missions. Politicians of a stricken nati@ngmore support
from consoling disaster victims than from requegtiaxes for the
un-dramatic measures that would have avoided tbastier.
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Short-term efforts to address immediate needs lystade precedence
over long term disaster recovery and prevention ivaigs,
particularly given the visibility attached to theelied phase of
disaster by the mass media. It is not surprisiniger&fore, to find
that of all funds spent on natural hazard managénmethe region,
more than 90 percent goes to saving lives duringasters and
replacing lost investment; less than 10 percentsgioeprevention
before disasters.

The situation is similar with respect to scienceal dachnology as
opposed to basic information on the location, skyerand

probability of events-the data that provide theidder prevention
measures. A sound balance must be sought betwe&inoly

additional scientific information and applying etirgy information

to institute mitigation measures resting chiefly eaonomic and
political organization and process.

34 Reducing the Impact of Natural Hazards

There are information and techniques designed tonmie the effects
of eve n the most sudden and forceful of hazaréwasts and prevent
than causing a disaster. But in some instancesitin&tion itself cannot
be avoided, construction measures and locatiorsidesi can help save
lives and avoid damage. In some instances, sucliloaging, the

integration of hazard mitigation measures into tiguaent planning and
investment projects may make it possible to avieedhiazards entirely.

Mitigation measure is better see n as a fundamental
investment, essential to all development projecns high-
risk areas, and not as a luxury that may not berafdble.
The vulnerability of many places around the world t
hurricanes, earthquakes, volcanic eruptions, flagdi or
drought is widely recognized.

Environmental planners should not ask the questiudrether
these events will happen, but what may occur whewn do.

The normal single-sector planning technique cadomger maximize
the benefits of mitigation methods and may, in,factrease the risk
exposure of people and their property. Since thehadox

development project often represents an isolateshviention into

complex and long- standing natural and socioecongmbcesses, an
advance in one area may not be accompanied by degtinge in
another. When natural events subsequently exerssume, the
fruits of the project may be lost to a disaster s\mawd by the
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deterioration of the natural and human environmeziated, in
turn, to the project itself (Hogan & Marandola, Zp0

Environmentally Integrated development planning,latieely
implies, a multicultural approach. It accounts botbr a
change in associated sectors that share a defimgsicpl space
and for the changing relationships between seeterthe result of an
intervention. Underlying the integrated approach tise
assumption that change is organic and that arathig in one sector
affects the region as a whole.

Exercise1.1

Sate two reasons, why Natural hazard considerations should be
introduced at the earliest possible stage in a facility development
process.

If a location designed for a housing estate is mearthquake
zone, this should be considered before it is planhe urban

development. If a piece of land is considered fgrieultural

project is subject to flooding, that should be takento

consideration in the formulation of the project.efvironmental
hazard risk is notice d on time in any planning qass, lesser
unnecessary projects will be carried forward simgthetheir own
momentum.

Mitigation measures must be applied early, and stomctural
mitigation, the most cost-effective mechanism, nexgpu particularly
early recognition of the need for land-use restmd. As in
environmental impact audit conducted on a projedteady
formulated, an after-the-fact natural hazard assesd has
much less value than an evaluation conducted ie tonimpact the
original formulation of the project.

40 CONCLUSION

You must have discovered by now that it a cleartfaod
in e very sense that environmental hazards ardeaneat of the
environmental problems currently capturing so muelblic
attention. They cause the alteration of natural systems;
heighten the effects of those ecosystems degradatibus
reflecting the human induced damage done to théramaents, and
many times affecting a large human population.

This call for the attention of all and sundry tke@aurgent steps that will
educate and equip citizenry on how to handle enwental hazards.
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50 SUMMARY

Environmental hazards may be likened to Environalergsources as
both evolve from the Earth s natural systems buwvant you to
understand that environmental hazards are more ofegative
resource. But the effects of the disaster causedaiyral hazards
can be greatly reduced by action taken in advarceeduce
vulnerability to them. Industrialized countries avmade
progress at reducing the impacts of hurricanes,odf
earthquakes, volcanic eruptions and landslides.
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2.0 Objectives

3.0 Main Content
3.1  Magnitude and Intensity
3.2 Occurrence and Severity of Earthquakes
3.3  Ground Motion
3.4  Ground Failure
3.5 Tsunamis and Coastal Effects
3.6 Fire

4.0 Conclusion

5.0 Summary

6.0 Tutor Marked Assignments

7.0 References and Other Resources

1.0 INTRODUCTION

| like to invite you to a discussion on anotheriemvmental hazard it is
called earthquake. Earthquakes are one of the commonest
environmental hazards that are still challenging the survival instinct,
capacity for survival and adaptive techniques ahans to subdue the
environment for comfort.

The occurrence of friction between rocks on eitlsede of a
fault prevents the rocks from slipping easily oremtthe rock under
stress is not already fractured, some elastic dwa&dron will

occur before failure. When the stress at last edsethe
rupture strength of the rock a sudden movement odo

release the stress. This experience may be simpBcridbed as
earthquake or seismic slip.

20 OBJECTIVES
At the end of this unit you should be able to:

explain what an earthquake is.

describe a magnitude number

mention seven ways earthquakes may be categorised
differentiate between ground failure and earthquake

10
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3.1 Seismic Waves

Earthquakes simply demonstrate that the earthnisisently a changing
system.

They general depict a built up stress in the lithlosre which
occurs along its, planar breaks in rock where thase
displacement of the side relative to the other.

Often, the stress results into faults or breaksothier times, it
causes slipping along old, sting faults. When mogatnalong
faults occurs gradually relatively smoothly, it ealled creep.
Creep- is termed as seismic slip, meaning faulpldisement
without significant earthquake activity-can be imwenient
rarely causes serious damage.

When friction between rocks on either side of dtfatesents the rocks
from slipping easily or when the rock under stréssnot already
fractured, some elastic deformation will occur eftailure. When the
stress at last exceeds the rupture strength ofdbk (or the friction

along a pre-existing fault), a sudden movement o£do release
the stress. This is earthquake, or seismic slipthWhe sudden
displacement and associate d stress release, tks smap back
elastically to their previous dimensions; the bebav is called

elastic rebound.

Faults come in all sizes, from microscopically smab
thousands of kilometres long. Likewise, earthquakesne in
all sizes, from tremors so small that eve n seusiti
instruments can rarely detect them, to massive kfidhat can
level cities. (Indeed, the seismic movement of preeactually
characterized by many micro-earthquakes, so sntal they
are typically not felt at all.) The amount of daneagssociated
with earthquake is party a function of the amount o
accumulated energy release d as the earthquake®.ccu

The point on a fault at which the first movement loreak
occurs during an earthquake is called the earthguadr
hypocenter. In the case of a large earthquake sudodor
example, a section of fault may be kilometres lcangd may
slip, but there is always a point at which the firmovement
occurred, and this point is the focus (Montgome206).

Deep- focus earthquakes are those with focal deptes 100 km,

which distinguishes them from shallow-focus earthiggs. The
point on the earth s surface directly above theu$ors called the
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epicentre. When news accounts tell where an eakesquoccurred,
they re port the location of the epicentre.

When an earthquake occurs, it releases the starp dnergy in
seismic waves that travel away from the focus. €hare several
types of seismic waves. Body waves (P waves and aSes)
travel through the interior of the earth. P waves aompression
waves. As P waves travel through matter, the matier
alternately compressed and expanded. P waves trdaveligh
the earth, much as sound waves travel throughSaivaves are
shear waves, involving a side-to side motion ofeuoles.

Seismic surface waves are somewhat similar to serf@aves
on water. This means that they cause rocks and ®swoibe
displaced in such a way that the ground surfacepleip or
undulate. Surface waves also come in two types: &aause
vertical ground motion, like ripples on a pond; ethcause
horizontal sharing motions. The surface waves dagge in
amplitude- amount of ground displacement-than tbdybwaves
from the same earthquake. Therefore, most of thekisiy and
resultant structural damage from earthquakes isseduby the
surface waves.

3.1 Magnitudeand Intensity

All of the seismic waves represent energy releasde a
transmission; they cause ground shaking among peopl
associate d with earthquakes. The amount of graonation is
related to the magnitude of the earthquake. Madaitus most
commonly reported in countries using the Richtergniaide scale,
named after geophysicist Charles F. Richter, wheldged it.

Montgomery (2006) says that a magnitude number is
assigned to an earthquake on the basis of the anwuground
displacement or shaking that it produces near theentre. The
amount of ground motion is measures by a seismbgrapd
the size of the largest (highest-amplitude) seiswiaves on the
seismogram is determined.

The value is adjusted for the particular type oftimment and the
distance of the station from the earthquake epicer{because
ground motion naturally decreases with increasingtahce
from the site of the earthquake) so that differemasuring
stations in different places will arrive at approrately the
same estimate of the ground displacement as it dvéalve been
measured close to the epicentre value is assigned.

12
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The Richter scale is logarithmic, which means thatearthquake of
magnitude 4 causes ten times much ground movemgmona of
magnitude 3, one hundred times as much as onegriitude 2.

3.2 Occurrence and Severity of Earthquakes

Table2.1
Descriptor Magnitude per Year Approximate Ener gy
Number Release (ergs)
Great 8 and over lto2 Over 5.8x102 3
Major 7-7.9 18 2-42 x 102 2
Strong 6-6.9 120 8-150 x 1020
Moderate 5-5.9 800 3-55 x 101 9
Light 4-4.9 6200 1-20 x 101 8
Minor 3-3.9 49.000 4-72 x 101 6
Very mirror <3 (mag. 2-3 about 1000/day) Below 4 x 1016
(mag. 1-2 about
8000/day)

Source: Frequency data and descriptors from National Earthquake
Information Centre.

Different observers in the same spot may assigrfedent

intensity values to a single earthquake. Neverthgle
intensity is a more direct indication of the impaoft a

particular seismic event on e vent on humans iniverg place

than is magnitude. The extent of damage at eaadngity levels
is, in turn, related to the maximum ground velociand

acceleration experienced. Thus, even in uninhabita@as,

intensities can be estimate if the latter data hagen measured
(Montgomery, 2006).

Several dozen intensity scales are in use worldwitie most widely
applied intensity scale in the United States is Madified Mercalli
Scale.

3.3 Ground Motion

Ground shaking and movement along the fault areioby
hazards. The offset between rocks on opposite sufethe
fault can break power lines, pipelines, buildingads, bridges,
and other structures that actually cross the fdultthe 1906 San
Francisco earthquake, maximum relative horizonispldcement across
the San Andress fault was more than 6 meters. Fault

13
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displacement aside, the shaking produced as acaitmul
energy is release through seismic wave causes d@atoagnd
sometimes complete failed of buildings, with therface waves
especially shear surface waves- responsible fortnodsthis
damage. Shifts of even a few tens of centimetrasbeadevastating,
especially to structures made of weak materials ir@dequately
reinforced concrete.

When shaking continues, damage may become progegssiorse.
Such effects, of course, are most severe on oralesg to the fault, so
the simplest strategy would be not to build near ultfa zones.
However, many cities have already developed neajormgaults.
Sometimes, cities are rebuilt many times in suchcpl The ancient
city of Constantinople- now Istanbul-has been lexelby
earthquakes repeatedly throughout history. Yegthtesits.

Short of moving whole towns, what else can be donthese cases?
Power lines and pipelines can be built with extiacls where they
cross a fault zone, or they can be designed witheotfeatures
to allow some give as the fault slips and stret¢chem. Such
considerations had to be taken into account whenTitans Alaska
Pipeline was built, for it crosses several knowmgjar faults
along its route (Montgomery, 2006).

Designing earthquake resistant buildings is a depeld
challenge and is a relatively new idea that hasldg@ed mainly in
the last few decades. Engineers have studied hoW di&erent
types of building have withstood real earthquak®sientists
can conduct laboratory experiments on scale modefs
skyscrapers and other building, subjecting themstoall-scale
shaking designed to simulate the kinds of groundrement to be
expected during an earthquake.

On the basis of their findings, special buildingdes for earthquake-
prone regions can be developed.

This approach, however, presents many challendeseTare a limited
number of records just on how the ground does mava severe
earthquake. To obtain the best of such records, siseme
instruments must be placed near the fault zone.

Earthquakes are generally followed by many aftershocks
earthquakes that are weaker than the principal tremor. The
main shock usually causes the most damage, but when
aftershocks are many and are nearly as strong asntlin
shock, they may also cause serious destruction.

14
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The duration of an earthquake also affect how wall
building survival is. In reinforced concrete, gralushaking
leads to the formation of hairline cracks, whichethwiden
and develop further as long as the shaking contsnug
concrete building that can withstand a one-minutnnshock might
collapse in an earthquake in which the main shoa&t$ three
minutes. Many of the California building codes, dsas
models around the world, are designed for a 25rxkcnain
shock, but earthquake main shock can last ten tilhasong.

A final point to keep in mind is that even the best
building codes are typically applied only to newnstouction.
When a major city is located near a fault zoneuyamds of vulnerable
older buildings may already have been built in higtk areas. The
cost to redesign, rebuild, or even modify all thdsgldings would be
staggering. Most legislative bodies are reluctanteaquire such
efforts; indeed, many do nothing even about muaidiuildings built

in fault zones.

3.4 Ground Failure

Landslide can be a serious secondary earthquake hazard in
hilly areas. Earthquakes are one of the major events that
trigger slides on unstable slopes. The best soluti® not to
build in such areas. Even if a whole region is fjll
detailed engineering studies of rock and soil pmes and
slope stability may make it possible to avoid thestndangerous
sites.

Ground shaking may cause a further problem in anghere
the ground is very wet in filled land near the cbas in
places with a high water table. This problem is
infestation. When wet soil is shaking by an eartahige, the
soil particles may be jarred apart, allowing waterseep in
between them, greatly reducing the friction betweegail
particles that gives the soil strength, and causimg ground
to become somewhat like quicksand. When this happen
buildings can just topple over or partially sinktanthe liquefied
soil; the soil has no strength to support them. Tigects of
liguefaction were dramatically illustrated in Niiga Japan, in
1964. One multi-storey apartment building tippeceovo settle at
an angle of 30 degrees to the ground while the ctuve
remained intact! (Montgomery, 2006 ).

Liguefaction was likewise a major cause of damagent
the Loma Pieta earthquake and the Kobe earthquakkale signs
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of liquefaction include sand boils, formed as lifjad soil bubbles to
the surface during the quake. In some areas proneuefaction,
improved underground drainage systems may be ledta try
to keep the soil drier, but little else can be daeut this hazard,
beyond avoiding the areas at risk. Not all areashwwet
soils are subject to liquefaction; the soil or filays a large role in
the extent of the danger.

3.5 Tsunamisand Coastal Effects

Coastal areas, especially around the Pacific Océasin
where so many large earthquakes occur, may also be
vulnerable to tsunamis. There are seismic sea waves
sometimes improperly called tidal waves, althougéythave nothing

to do with tides. When an undersea or near- shamhguake
occurs, sudden movement of the sea floor may setwapes
travelling away from that spot, like ripples in angl caused by a
dropped pebble.

Contrary to modern movie fiction, tsunamis are seen as huge
breakers in the open ocean that topple ocean linevee sweep. In the
open sea, tsunamis are only unusually broad swallgshe water
surface. As tsunamis approach land, they develdp iarge
breakers waves, just as Ordinary Ocean waves become
breakers as the undulation waters touch bottom sieare.

The breakers of tsunamis, however, can easily be by meters high in
the case of large earthquake. Several such breakanscrash
over the coast in succession; between waves, thervmaay be
pulling swiftly seaward, emptying a harbor or baynd very quickly

speeds of 1000 kilometres/ hour (600 miles/hourg aot

uncommon speeds and tsunamis set off on one sitlee ®acific may
still cause noticeable effects on the other sidia@focean.

A tsunamis set off by a 1960 earthquake in Chilesvgaill
vigorous enough to cause noticeable effects omother side of
about 7-meter-high breakers when it reached Has@me fifteen
hour later, and twenty five hours after the eartkgy the tsunami was
detected in Japan (Montgomery, 2006).

Given the speeds at which tsunamis travel, littéeh ke done
to warn those near the earthquake epicentre, bapleeliving
some distance away can be warned in time to evagusstving
lives, whenever a major earthquake occurs in theifika
region, sea- level data are collected from a ser@s
monitoring stations around the Pacific. If a tsunams
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detected, data on its source, speed, and estimatad of
arrival can be determined.

36 Fire

A secondary hazard of earthquakes in cities is, fiveich may be
more devastating than ground movement. In the 1286 Francisco
earthquake, 70% of the damage was due to firesmople building

failure. As it was, the flames were confined to A-shuare-
kilometer area only by dynamiting rows of buildirgound the
burning section. Fires occur because fuel lines tan#s and power
lines are broken, touching off flames and fuellthgm. At the same
time, water lines also are broken, leaving no wayight the fires

effectively (Montgomery, 2006).

40 CONCLUSION

Earthquake is one of the commonest environmentadrda that humans
are yet to subdue. Thus earthquakes are still eangilhg the survival
instinct, capacity for survival and adaptive tecjugéis of humans to
subdue the environment for comfort.

5.0 SUMMARY

Earthquakes simply demonstrate that the earthnsistently a changing
system. They general depict a built up stress enlithosphere which
occurs along its, planar breaks in rock where tieedisplacement of the
side relative to the other. When the stress atdasteds the rupture
strength of the rock a sudden movement occurs lease the stress.
This experience may be simply described as earkegoiaseismic slip.
The amount of ground motion is relate d to the nitage of the
earthquake. A magnitude number is assigned to ghoeske on the
basis of the amount of ground displacement or sigathat it produces
near the epicentre. All earthquakes may be categpas;

Major

Strong

Moderate

Light

Minor

Very mirror

Landslide can be a serious secondary earthqualerchaz hilly areas.
Earthquakes are one of the major events that triglgges on unstable
slopes. The best solution is not to build in sudas.
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6.0 TUTOR MARKED ASSIGNMENTS

Two earthquakes on the Richter scale have a magitd 4 and 3

respectively.

1. How will you categorize/ describe each of thesetheprakes
based on table 2.1?

2. What is the amount of energy each earthquake Hadsedd and
what is the combined amount of energy that wasaselé by
these two earthquakes?
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1.0 INTRODUCTION

The problem of flood is real and the consequenceshas
hazard have been continually felt in most of our
communities. Among these four major Natural Hazaimls
Nigeria, flooding stands out as the most disastioddigeria in term of
life and properties loss in view of studies repartiey Nest
(1991), Ojo (1991), Ologunorisa & Adeyemo (2005)da@jo
(2007).

The outcomes from these studies are an indicatianflooding should
be given adequate attention in terms of awarenpesgeption,
experience, coping and management strategies.isigat this unit
strives to focus on.

20 OBJECTIVES
At the end of this unit you should be able to:

define d the term flood

mention the types of flood

discuss on the causes of flooding

list the benefits of flooding

explain the negative effects of flooding
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3.0 MAIN CONTENT

The daily usage and in common environmental liteegta flood may be
referred to as a comparatively high flow of watdrat over-
tops the natural or artificial banks in any readhstream. It
Is also regarded as an over flow or inundation toabes from a
river or other body of water and causes or threatkamage or simple
as a deluge or inundation (see Ojo, 2007).

Flood can also be defined as the highest valuesthd

stage or discharge of a stream during the watetr Jé&&s common
view implies the distinction between floods of theame

magnitude, but there might have been in existent®o a
several different inundations or none at all. |eté are several
inundations in a year, the greatest one will blbadf but a flood need
not be an inundation, even a dry year has a flood.

It is necessary to state here that these defirgtidm not contradict
themselves. The latter is necessary only becaus¢heftechnical
exigency of including at least one flood for eveygar in the
computation of flood magnitudes and their probable
frequencies of occurrence. A year for while a roed is recorded
for instance, will transform logarithmically to afity which
induces computational problem.

EXERCISE 3.1

1. In your own words describe what you understandoaslf

2. Find out from 4 of your classmate their perceptmhnwhat
constitutes as flood.

3. Find out from 3 people in your community their peation of

what constitutes as flood.
4. Compare your perceptive and that of others with dégnition
and explanation of flood give n in section 3.0 aaov

3.1 Typesof Flood

Ologunorisa (2006) mentioned that flood have bdagided into: River
Floods and Coastal Floods.

3.1.1 River Floods

They are caused by precipitation acting eitheratliyeby rainfall, or
indirectly by snow or ice melt, and those resultingm dam collapse
and earth slides. Floods resulting from meltingsobw and ice, with
or without an additional increment from rainfallreaa major
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component of hydrological region in the high latuareas a
Canada, the United States and Russia, and partSuobpe
and at high attitudes in the major mountain arelaEwrope and
Asia. Such floods normally occur only once a year.

In view of the markedly varying flood response tdferent
rainfall conditions, many attempts have bee n maaelassify
rainfall floods on the basis of the storm eventelfs Thus,
Ward recognized two types, of river floods relateddifferent
causal factors:

(2) Flash floods, and

(2) Long rain floods.

Flash floods are often the results of convecti@mnss; while long rain
floods are associated with several day conventioeven weeks of low
intensity rainfall and are the most common causaajbr flooding.

The characteristics of long rainfall floods can dlassified into four
types.

These are:

° Flash floods of few hours duration;

° Single e vent floods of longer duration;

o Multiple even floods and

o Multiple event floods.

It should be noted that apart from the four disedssbove, another type
called flood poundage occur on surface depressioarban and other
surfaces.

3.1.2 Coastal Floods

They are of three kinds:

(i)  Those caused by meteorological disturbances suthiraiganes
and other disturbances at sea (Typhoons , cycldsasamis,
etc).

(i)  Those caused by seismic disturbance such as sutamari
earthquakes, landsides and other disturbance ceth

(i) Lakeshore floods. The combination of the different
types of floods accounts for 40 percent of the wlosl
natural disasters. Earthquakes are but over-esithmat
while droughts are under-estimated probably becausea non-
event hazard. Apart from the high frequency of flloo
occurrence, most of the overflow of river or se&or
example, flood- prone lands comprise about 5 pdrcen
of the area of the Unite d States, more than 1@emerof the
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Hwang Ho basin in China, almost all of the Nethed& and
nearly all of the Southern part of Vietnam.

There is therefore an imperative need for a promed
comprehensive understanding of floods, if the safet flood
plain occupancy and coastal areas are to be geadh@logunorisa
(2006).

3.2 Causesof Floods

Climatologists have discussed seventeen factorschwhmay
influence runoff and hence floods in any streamesgnthey divided
under three broad categories vies:

o Climatic factors such as precipitation,

o Interception and physical factors; and

o Channel characteristics, including types and efficy.

(1) Climatic factors, these are:

(@) Precipitation form: such as rain (rainstorm flogds)ow
(snow melt floods due to ice jams, floods due &xrs,
floods due to earth-slide; types of precipitatimensity,
duration, time distribution, area distribution, dteency
of occurrence, direction of storm movement, anteoéd
precipitation and soil moisture.

(b) Interception vegetation species, composition, agd a
density of stands, season of the year, size ofnstor

(©) Evaporation and

(d)  Transpiration.

(2)  Physiographic Factors which include:

(a) Basin characteristics such as size, shape slostation,
elevation, stream density.

(b)  Physical factors such as land use and land cowéascsu
infiltration condition, soil type, geological cotidins such
as the permeability and capacity of ground water
formation.

(c) Topography factors such as the presence of lakds an
swamps.

(d) Artificial drainage.

(3) Channel characteristics including:

(@) Carrying capacity such as size and shape of cross
sections, shape roughness, length, tributariegstymd
efficiency.

(b) Storage capacity such as breakwater.

The effects of all these factors are fairly acaeisgknown except for the
effect of land use. Among many physiographic fastdhat
affect the runoff of any area, one of the importisntand use and
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land management. Some environmentalists have agréesat it is
largely the human that apparently increased sevefitll these factors
and in them alone insufficient.

Ologunorisa (2006) says that few scholars haveudsad the causes of
the most dangerous floods of all. That is coastalodis. A
hurricane for instance causes damage by the diaetion of
wind on property, by the accompanying heavy raintaht
causes river to flood. Hence the damage is froraelsources, each
potentially destructive in its own right, colleatly, they are
catastrophic.

Floods may also be caused by the encroachment dfawlic
structures and cities on floodplains and coastaldeaand by
blocking of river channels. The Ogunpa river floodlbadan
on August 30 1980 for instance was wholly due tece th
blocking of the river channel with waste depositby the
residents of Ibadan (Ojo, 2007). Eventually, it was if the
river decided that it had created the channel amdusd
therefore have the right of way. The entire chanmes
cleared in one swift flood along with over 200 resmntial
building, over 200 livers and inestimable property.

3.3 Beneficent Effects of Floods

Of all the extreme events, none is more paradoxil floods. That is
because it is the most frequently occurring natealard that causes the
greatest damage as well as the most beneficial ceff& is
probably safe to attribute the rise and growthha early loosely
refers to the period when man settled and embaokedultivations of
agriculture. Naturally, these early settlementefiab the Nile, Tigris,
Euhrates , Indus and Hwange Ho.

All these rivers have over the years build expempsiand

fertile instruments possessed ideally suited tang with the

crude instruments possessed by the early man. Sithee
beginning of recorded time, humans have always laad
affinity for floodplains and riversides. This isdagise there is lack of
road and rail networks, and hence greeter affifotyfloodplains and
riversides.

Perhaps, the best example of the benefits of flausfloodplains
Is presented by the river Nile and its valley. levers and
fertilizes large area of land. This resulted in tlearly
occupancy and subsequent rise of civilization, e tNile
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valley. The Nile valley indeed has been a humarhéinsince
very ancient time.

Today, the Nile valley with about 900 persons pgrase kilometres is
one of the most densely settled, parts in the Adnicontinent.
Farming is so completely reliant on flooding to @nesthat the River
floods, the rive r channel is artificially narrowad some stretches
by the construction of levees. These hold back #xeess
flood-water after the flood has receded. This dejgece has given
rise to such popular saying like Egypt is the Naled the Nile is
Egypt, No Nile, no Egypt , and the the Nile givds to the Egyptian
desert.

Also some farmers along the lower zones of floodEHahave

adopted their crop pattern, to annual overflow amely would be
disappointed if flooding were to fail. Here thaneaexamples
where floods are not only beneficial, but also cddy

necessary for the substance of life. Other exangfl@sodplains giving
rise to civilization are the early West African Eings of Ghana, Mali
and Songhai who are most value possessions weReiiien of present
day Bamako. The Nok cultures also developed oriltloglplains of the
Niger.

Today, the Ganges delta and the Hwang Ho floodpdaane
some of the most densely settled parts of the woHde valuable
forest resources continue to be harvested on th@zAmfloodplains.

A list of other advantages of the floodplains athe fact that
floodplains soils are normally more fertile and easto till
than those of uplands, the flat lands charactesisti floodplains are less
costly to build on, the moderate gradients are faable for
highways and railroads construction and the abuwcdanf
water for various purposes attract human occupasicyhe
floodplains.

It is important to note that sites on riverbanksvaaalways
been attractive locations for towns because they ax a
focus for routes at bridging points.

Towns tended to develop first on bluffs or terracksse to the river.
Consequent expansion forces them to spread out lo@ t
floodplains, e.g London, Paris and Washington D. I@.
Nigeria, examples of such towns include Makurdibbe,
Lokoja and Onisha (Ologunorisa, 2006).
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Floods may also have other beneficial uses if tbay be properly
controlled and managed. The excess floodwaterjn&tance, may be
held in reservoirs and used to provide water formks and
industry in the dry season and generate hydro-eiegiower.
For example, the Naser Dam in Egypt and the Hydro-
Electric power works at the Kainji Dam in Nigerialy on high
floodwater to be efficient.

The floodwater may also be used to r educe streattupion
and provide opportunity for fishing and recreatiamd agricultural
expansion schemes.

3.4 TheNegative Effects of Flood

Flood has been known to cause damage to lives, eldnd
property, household property, business, trafficaids, surface
and underground water. For an in-depth comprehensidflood
effects, it is preferable to review a few catastrmpfloods. The
causes of floods are essentially the same diffea¢etd only in
magnitude and the diversity of the victims (espdgian their
nature and response capability).

On August 31st, 1980, the Ogunpa River flowing tigb the city

of Ibadan over flow its banks and all features exaaxh on its
floodplains. Over 2000 persons perished in thatoflo(see
Oyo State Year Book, 1981, P.2). The series of dlavhich

hit the city of Kano between August 6 and 13, 1986
culminating in the collapse of the Baguda dam andstimated to
have claimed at total of over 100 lives.

No discussion of the loss of lives will be complatghout mention of
the Hwang Ho River (Translated from Chinese to mé&aailow

River). This amazing river is responsible for mdreman deaths
than any other individual feature of the world fgce. In 1887,
a massive flood on this river killed over 2 milliopeople (by
drowning or starvation). In 1931, the worst floodee claimed
a total death toll of 3,700,000 people. Hence wiitla time

span of only 44 years, the yellow River had depl¢he Chinese
population of by million people or more, which isaut the population
of the entire Niger Delta. No wonder then that tineer is more
popularly referred to as Chinese sorrow .

In 1970, a cyclone initiated a flood in the coastaas surrounding the
Bengal in Bangladesh which killed about 225,000 pleo
crops worth about 63 million dollars were destroyed 280,00
herds of cattle were washed away (Burton, et af8)9These weather
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events range d from hurricane in the Americas t@avigerains

resulting in flash floods and avalanches in thesottarts of the globe.
India had the worst disasters with 3,320 dead tiegufrom cyclones,
tornadoes, rain floods, snow, rain and typhoonssmaavs. Nigeria (14)
and republic of Benin (7) the way African countrieted ranked low
not necessarily due to the mild nature of rainsterwhich reliable
records can be complied. WMO (1997) has confirmadtt
the 1995 figures were very close to 8,300 The numbie

countries which reported weather-related deaths vaéso

similar 44 in 1996 and 42 in 1995. It is importantnote that
the largest fatalities are associate d with floogsulting

from rain.

The most striking feature of these severe rain &ves the
amount per day which in India was about 12,00mnflet 12
consecutive days in August 1996 while in China datbtalled
70,000mmd-1 (also in August, 1996). In the caseCbina, live
lost within demolished houses have not been fulloamted for
but about 2 million houses collapsed and 2,000 $osank
(Adefolalu, 2000).

Adefolalu (2000) further observes that the storyother parts of
the world was not different, as most fatalities h@ddo with
flooding arising from heavy rains. The case of uitStates of
America deserves special mention if only to highlighat the
low number of deaths (292) was not as a result dd mtorms,
snowstorms, or weak hurricanes and tornadoes butthi®
efficiency and high level of sophistication of earlvarning
system (EWS) and the accuracy of the NEW-CASTING
Techniques which connect over 1,000 Radar netwarkthe
Global Telecommunication System (GTS) from whicliign houses
derive their 30-minute forecasts of the weather.

Further, the underground shelter system allowsifomediate

evacuation of people rather than transporting thewer long

distances at great danger. It is noteworthy that, @4 fatalities

accompanied 1,200 tornadoes in 1996-a figure tlza Svless than in
1995 and less than 30% of the average annual d¢a#)s

These go to prove that in terms of averting detlith, United State of
America is far ahead of the whole world in their EVéind public
enlightenment/sensitization campaigns on extremnaivee events.

Despite their ranking as numbers 1 and 2 world [agjmn, China and

India tend to lead in rating catastrophic lossebfefin weather-related
event. Nigeria has a fair rating of 1 out of evefy7 million
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at risk of dying in any major weather disaster. §hof
course, does not represent the total picture, psnts cannot
be said to be complete due to lack of reliable Omemg)
network. For instance, air disaster and multipladcaccidents
occurring in bad weather in 1996 would have changlee total
figure if properly accounted for. However, the ratd
fatalities in normally occurring severe weather régein Africa is
amplified by the other rating for Egypt, EthiopiadaMalagasy.

40 CONCLUSION

The reality of the terrible effects of flood hazarbave clearly been
shown in this unit and that the benefits are noghto compare
with relative to the negative consequences.

5.0 SUMMARY

Flood is refer red to as a relatively high flowttleaer-tops the natural
or artificial boundary of a water body. It is alsmarded as an over flow
or inundation that comes from a river or other boflyater and causes
or threatens damage or simple as a deluge or itiond&lood can also
be defined as the highest values of the stagesmhdige of a stream
during the water year.

Floods have been divided into: River Floods ands@ddloods and we
have two types of river floods related to differeatisal factors:

(1)  Flash floods, and

(2)  Long rain floods.

Flash floods are often the results of convecti@nnss; while long rain
floods are associated with several day conventiceven weeks of low
intensity rainfall and are the most common causaajbr flooding.

There are four characteristics of long rainfalbfig, these are:

o Flash floods of few hours duration;

o Single e vent floods of longer duration;
o Multiple even floods and

o Multiple event floods.

Coastal Floods are of three kinds:

1. Those caused by meteorological disturbances suthirasanes
and other disturbances at sea (Typhoons, cyclo tsasamis,
etc).

2. Those caused by seismic disturbance such as sui@nari
earthquakes, landsides and other disturbance cketh
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3. Lakeshore floods

There are seventeen factors which may influenceffuand hence
floods in any stream. These are divided under thread categories:

o Climatic factors such as precipitation,
o Interception and physical factors; and
o Channel characteristics, including types and &fficy.

Of all environmental hazards, none is more paradbxihan floods.
Simply because it is the most frequently occurnvagural hazard that
causes the greatest damage as well as the mosicismdfect. Perhaps,
the best example of the benefits of floods anddiains is presented by
the river Nile and its valley. History tells us thacovers and fertilizes
large area of land. This resulted in the early paoey and subsequent
rise of civilization, in the Nile valley.
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1.0 INTRODUCTION

Drought and desertification are becoming populavirenmental

problems in Nigeria today. This emerging populahigs made these
twin environmental hazards essential for us to ystud Nigeria and

especially at the Open University. In this unit si&ll study with clarity

the concepts of drought and desertification. Theisea of these
environmental hazards will be analyzed systemd#yieald the root cases
will also be traced in details.

| want to challenge you to disseminate the knowdeggu will acquire
in this to your families, friends and neighboursoiher to help control
these problems. | do hope you will take the adwgmtthis unit has
provided you.

2.0 OBJECTIVES

At the end of this unit you should be able to:

describe what is drought

list the three major types of global drought
mention seven features of drought

describe what desertification is

state five indicators of desertification

discuss on two basic causes of desertification
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3.0 MAINCONTENT

Drought has been described as an extended andwwous duration of
very dry weather (Jones, Robertson, Forbes, & &iplii990). | want
you to understand clearly that this definition earifrom country to
country, since weather varies. In the UK, threeesypf drought are
recognized:

(a) total drought is a period of 15 or more consice
days with a rainfall below 0.2mm;

(b)  partial drought has a duration of 29 successives daigh an a
mean rainfall of 0.2 mm or less per day;

(c) a dry spell has a duration of 15 or more successiags,
during which the rainfall does not exceed 1 mmdasy.

But in the United States, a dry spell is a period;

1. Of 14 days without measurable rainfall.

2. A period with an experience of insufficient watepply to meet
usual domestic, agricultural and industrial demands
Drought takes place under many climatic regimes &y
vary in severity from the minor and short-lived suer
restrictions on washing cars and watering gardens i
southern and easter n England to catastrophic sveumth
as the development of the Dustbowl in the American
Midwest during the 1930s and the large-scale cajufes
during the Ethiopian famine of 1985.

Drumlin, an elongated hummock of uncertified glaeibdeposited and
molded below an incensed. Drumlins may be up ton&6 length 60 m
in height and the parallel to the direction of feemer ice flow with
their steeper blunt end facing upstream. Drumligsially occur in
clusters or swarms, giving rise to a basket-of eggeography. The
sands and gravels in drumlins are often extraabectcdnstruction and
industrial purposes.

There is no generally accepted definition of droyghut
understand that it is generally accepted that thenace is
characterized by moisture deficiency, when the deandor
water for particular water use system exceeds thpply
available from various sources.

Droughts have been recorded as recurrent phenonmeikgeria
in general and more specifically in the Sudano-$aheregions,
which are the areas of West Africa characterizedlbpughts and
desertification.
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As in most parts of the world, precipitation is thest significant
avenue of water supply-demand component of moghefwater use
systems. Therefore, are closely associated withgits and with many
definitions of droughts.

Globally, there are three basic types of drought;
o meteorological drought,

o agricultural drought and

o hydrological drought.

The metrological drought is usually said to takacpl when there is a
prolonged absence or deficiency or inadequate ildigion of
precipitation.

REFLECTION

Have you ever had this experience of metrological drought in your
community? If yes, what was your survival strategy? If no was your
answer make inquiry from people or individual from your
community who you hope to have had such an experience at
onetime or the other.

It is often defined as a percentage of the longnteaverage
rainfall in a given location. There are many vareats of this
definition and this makes meteorological droughpagently
difficult to identify with any degree of accuracy.

Compared to meteorological droughts, agriculturalughts have been
observed to take place when there is insufficientisture

available at the appropriate time to meet evapemitemand
by crops, vegetation, pastures and other agricaltgystems;
as a result, yield and/or absolute production dexli(Ojo,

2007).

Crops requires varying moisture needs through tigeowth and
development periods, and therefore, the timing afnris
essential in rain-fed agricultural regions in detaring whether
there will be a good harvest or a poor one. Hydgadal drought
takes place when the water needs of plants caneombt by
available precipitation.

Some of the features of drought were articulatg @jo (2007) are:
(@) Low rainfall and high rainfall variability.

(b)  High evaporation and potential evapotranspirataies

(c) Generally persistent negative rainfall anomalies

(d)  Occasional torrential rains resulting in floods

(e) Rapidly high erosive runoff especially on steepdieis

32



ESM 204 MODULE 1

()  Sparse vegetation cover
(g) Too little moisture for rain fed cultivation throligut the year

Drought is no doubt an inevitable and often devasgphenomenon. In
general, droughts have occurred throughout the lab&e
historical record of climate in West Africa. Sevat®ughts that
have affected parts of West Africa in the Sahel ioag where
highlighted by Ojo (2007) spanning from 1445-145P538,
1557-1588, 1681-1687, 1738-1756 and 1828-1839.

The droughts of the 1730s to the 1750s were redotdéhave killed
50% of the population of Timbuktu and other parfigsh@ Niger bend
and resulted to famine in places like Senegal, QamiMali,
Mauritania, Burkina Faso, Benin, Chad and partsasthern Nigeria
especially Bornu and Kano regions.

The droughts between 1972 and 1973 were also severe
although they were comparatively less than the 8B scope. In
1984, the Food and Agricultural Organization (FAQ@gntioned that
about 250 million inhabitants in 22 countries inridd, including
northern Nigeria, were affected by food crisis asreault of the
persistent droughts of 1972-73.

So it clear that drought have occurred in many paof
West Africa and that certainly includes our countiygeria.
This experience have occurred in varying degreesewérity and
duration throughout human history, and many regiohshe African
continent have experienced considerable distrassy@rfrom drought
occurrences, mass migration, famine and cessatfoeconomic
activity in many countries.

3.1 Desertification: A Conceptual Review

Desertification, just like drought, is not simple define; however,
most definitions have generally reflected some degpof land
degradation processes. Globally the term deseatibbn, since its
adoption by the United Nations Conferences on Didszation
(UNEP, 1977), has swallowed up a number of relaggdhs such
as desert encroachment, the advancing Sahara ccaésin,
desertization. The term has also been use d toridbesdhe
dogmatization due to burning, clearing and erossbrforest a nd
savannah zones of West Africa.

The United Nations Environment Programme (UNEP, 7)97

described desertification as land degradation iml,asemi-arid
and dry humid areas as a basic consequence of hactarities.
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Another version of his definition was developed thie UN
Conference on Environment and Desertification (UNDCERIO
de Janeiro, June 1992), which says that deserti@inais land
degradation in arid, semi-arid and dry sub-humidaar resulting
from various factors including climatic variatiorend human
activities.

This new version definition has been internatiopadiscussed
and approved at the UNCED as the operational stahdar
Agenda 21. Therefore it is general accepted thaedé&ication
may take many forms but it usually refers to widessgd land
degradation in the dry lands, which is the reductiof
biological productivity of dry land ecosystems, lading
rangeland pastures and rain fed and irrigated angjs, as a result
of the acceleration of certain natural physical,eroical and
hydrological processes.

These processes usually include;

o erosion and deposition by wind or water,

o salt accumulation in soils,

o groundwater or surface runoff,

° reduction in the ability of soils to transmit antbre water for

plant growth.

The severity of desertification in West Africa, hewver, varies
significantly from one country to another, and ewerthe Sudano-
Sahelian regions of Nigeria, the degree of desidiion varies
from one state to another. In general, the mairtufea of
desertification include:

a) A reduction in the amount of the soil covered byth
vegetation.

Specifically, the amount of bare soil increases a&adetation
may be reduced to isolated patches.

b) A consequent rise in the reflective capacity (att of the
surface for solar radiation, since arid and semhiaoils are
lighter-coloured than most plants, even with gr@afje so usual
in these climates.

c) A considerable and permanent loss of perenniakql@specially
woody shrub and trees

d) Considerable soil erosion and impoverishment, bezaof
removal of fine minerals and organic materials bydvand
because of rapid oxidation of the remaining wated &oil
carbon. Gully and sheet erosion of soils by ocaasio
heavy rainfalls appears to accumulate the erodetgrmabs on
valley floors or in basins.
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e) Overgrazing and inadequate forage in relation tgetetive
resources (Ojo, 2007).

3.2 Indicatorsof Desertification

Desertification is often the consequence of stgisturbance on the
environment which may be natural or caused by hurEmosystems
which do not alter in the presence of stress andisturbances are
described as stable. Alterations here are var@d those associated
with regular seasonal stresses. When ecosystemireststable from
year to year it is said to be stable. Such an estem is
expected to return to its original state after stutbance or stress or to
maintain equilibrium (oduwaiye, 1999).

Stability here can be viewed from two angles;

(1) Structural stability: if the species compositiormeen more or
less the same and

(2) Functional stability: if ecosystem characteristiminass
production and nutrient cycling rates unchanged.

The following are the indicators of desertification

(@) The disappearance or permanent degradation ofeipetation
(b)  Sail erosion by wind

(c) Dune formation or reactivation

(d) Desiccation of the soil profile and more controvedhg

(e) Lowering of the ground water table.

However Grumblatt in his pilot study on Evaluatioof
FAO/UNEP provisional methodology for assessment and
mapping of desertification provided the followingheme (partly
reproduced) which can be used in collecting data.

l. Physical
0] Climate
(a) Rainfall
(b) Temperature
(c) Wind speed, Direction, Frequency
(d)  Sunlight duration
(e) Sand storm/ dust storm frequency
(i) Soils
(a) Surface rockiness
(b)  Texture
(c) Opinion water
(d) Permeability
(e) Alkalinity
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(H  Water erosion

(@) Wind erosion

Il Biologica

0] Vegetation

(a) Herbaceous ca nopy cover
(b) Herbaceous biomass

(c) Percent bare ground

(d) Species composition

(e) Vegetation type winds

[l Socio/Economic

Human population

@) Density of permanent structures.

3.3 Causesof Desertification

The basic causes of dese rtification as articulayed®duwaiye (1999)

are;

o drought and

o human activities which include grazing by livestpokood
cutting, cultivation and burning.

1. Drought

Drought is commonly regarded as one of the causés
desertification. But it is known this is the onlygsible when
there is prolonged drought. Although drought usulghds to the
loss of several plant species.

Drought is known to be a periodic event even indaand
semi-arid climates where periods of rainfall fakurare
interposed with years of abundant rainfall.

Drought however only gives more force to instabjildreated
through other management practices e.g. overgraafngvailable
fragile lands during wet years.

2. Human Activities

(@) Grazing by Livestock: This human activity megntribute in
different ways to desertification. These include:

()  The substitution of annual for perennial grasseschviwill
perhaps reduce the plant cover available to proecsolil in the
long dry season.

(i)  Damaging of soil structure in the vicinity of wells a result of
trampling by cattle.

(i)  Destruction of seedling.

(b) Wood Cutting: Humans especially in poor natians used to
wood cutting to produce fuel wood or constructionber. This
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impairs natural regeneration of woody species andraat
proportion of the soil surface nutrients contente ar
exposure after woodcutting. This will also resutrore run-
off and soil surface compaction leading to detation.

(c) Cultivation: Yearly cultivation without adequate
fertilization impoverishes the soil structurally in quality-
wise. It also increases the possibility of rematation by
wind.

(d)  Burning: Burning affects biological productyiby
0] destroying grass and herb growth
(i)  favouring fire resistant species over firgwtker ones
(i)  stimulating fresh shoots, particularly ofags

(e) Other activities by human There activities lude urban
development, and road construction.

40 CONCLUSION

These semis twin-Drought and desertification arng dkvils that are
becoming popular environmental problems in Nigetogay. This
emerging popularity has made these twin environalemiazards
essential for study in Nigeria and especially at@pen University.

We have studied with clarity the concepts of drdwgid desertification.
The causes of these environmental hazards have heatyzed
systematically and the root causes also tracedtald.

| want to challenge you to disseminate the knowdeglgu have acquired
in this unit to your families, friends and ne ighio® in order to help
control these problems. | do hope you have takerattvantage this unit
has provided you.

50 SUMMARY

Drought has been described as an extended andwwous duration of

very dry wealth. This definition varies from countio country, since

weather varies.

In the UK, three types of drought are recognized:

(a) total drought is a period of 15 or more consecutiays
with a rainfall below 0.2mm;

(b) partial drought has a duration of 29 successives daigh an a
mean rainfall of 0.2 mm or less per day;

(c) a dry spell has a duration of 15 or more successiags,
during which the rainfall does not exceed 1 mmdasy.
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Globally, there are three basic types of drought;
o meteorological drought,

o agricultural drought and

o hydrological drought.

Some of the features of drought were articulated as

(@) Low rainfall and high rainfall variability.

(b)  High evaporation and potential evapotranspirataias

(c) Generally persistent negative rainfall anomalies

(d)  Occasional torrential rains resulting in floods

(e) Rapidly high erosive runoff especially on steepdieis

()  Sparse vegetation cover

(g)  Too little moisture for rain fed cultivatiohroughout the year

Desertification was described as land degradatianarid,
semi-arid and dry humid areas as a basic conseguehtiuman
activities.

Another version of his definition was developedthe UN
Conference on Environment and Desertification (URCHRIo de
Janeiro, June 1992), which says that desertificaidand degradation
in arid, semi-arid and dry sub-humid areas resgifiiom various factors
including climatic variations and human activities.

The following are the indicators of desertification

(@) The disappearance or permanent degradation oftietation
(b)  Sail erosion by wind

(c) Dune formation or reactivation

(d) Desiccation of the soil profile and more controiadhg

(e) Lowering of the ground water table.

The basic causes of desertification as articulated
o drought and

o human activities which include grazing by livestookood
cutting, cultivation and burning.

6.0 TUTOR-MARKED ASSIGNMENTS

Discuss with examples four features of desertificat

Make an outline of five evidences of desertificatio

Explain two human activities that have c¢ ontributéd
desertification in Nigeria.

wn e
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1.0 INTRODUCTION

Welcome to what may be regarded as the secondopdne previous
unit where we discussed on drought and desertifbcatconcepts
and causes. We do hope you found the previous unit
worthwhile and that you have indeed shared withemttihe
knowledge you have so far acquired.

In this unit we shall move further to discuss oe impact that the
consequences of drought and desertification hasteesinto and ways
of ameliorating some of these impact.

20 OBJECTIVES

At the end of this unit you should be able to:

o Mention five major impacts of drought and deseréfion.

o List six basic socio- economic impacts of droughtda
desertification in Nigeria.

o Mention three ways by which human contributes to
desertification.

o Explain how grazing leads to desertification.

o Discuss on how desertification becomes reversible.
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3.0 MAIN CONTENT

It is essential for you to first understand cleatlyat it is
virtually impossible to separable, perhaps almdst b Siemens
twin, the impact of droughts from that of deserétion.
Consequently, discussions on the two hazards waik e
separate d in this unit.

The impact of drought and desertification in thewght prone and
decertified areas of Nigeria are serious on mangose such as:

o the physical and ecological environment

agriculture and livestock production and management

water resources and water resources management

Health

ecosystems and

forests and forestry.

Related to the above listed impacts of droughtsdmsertification are:

o Loss of biodiversity, rapid deterioration of theosgstems,

o Loss of ecological stability, soil erosion and lagssoil fertility,
silting of reservoirs and change in hydrologicajinees.

REFLECTION: The Punch Newspaper, 30th January, 2006 One
disturbing manifestation of the effect of droughts and
desertification is the progressive shrinking of Lake Chad, which
is one of Nigeria s important landmarks and best-known cultural
heritage. The lake which is the remnant of an inland sea was
estimated to have covered an area of 400,000km about 6000 years
ago. Newly released satellite images by the National Space Research
and Development Agency of Nigeria (NASRDA) show that Lake
Chad has completely withdrawn from Nigeria and is now located in
Chad Republic.

As a follow up to this story, experts have predictbat the lake
may dry up completely by 2010 if the current rateetreat is not
controlled. This will have serious of socio-econgmisocio-
cultural and socio-political implications on themomunities that
benefits from the lake.

The Chad Basin Development Commission is made @ipuofcountries:
o Chad

o Cameroon

o Nigeria and

o Niger.
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These nations must rise quickly and that on timeeszue the situation
before it is too late to cry over spilled milk.

Do you realise that we are talking about estimat2@

million people living in these four countries whoseeans of
livelihood-subsistence agriculture-is totally degent on the lake
is currently at risk of severe hunger and famine?

Recent studies have also shown that farmers oNlitjerian side of the
lake are moving along with the water as it recedé® implication of
this is that we now have some Nigerians living ima@ Re public but
still believe that they are within Nigeria (Ojo,@0).

DISCUSSION POINT

Can the gradual migration of Nigerian farmers ae thake
Chad generate border disputes in the next decade?

Do you foresee another Bakassi our hands in the near future beci
of the impact of drought and desertification?

3.1 Socio-Economic I mpacts

Basic socio- economic impacts of drought and diisation include:

(@ Unemployment

(b) Rapid drop in agricultural activities and productiwith its
release in the rural labour force from farming aities.
This labour force move to urban locations.

(c)  The dynamics migration from rural areas places moessure on
jobs and
facilities in the urban centres. Such movements are
characteristic of the
Sudano-Sahelian regions, from where migrants move
southwards to urban centre such as Lagos in sedrdietter
living conditions. The economic and
social consequences of these movements are sudalstant

(d)  The feedback mechanisms in drought and deseriditatystems
exacerbate their own effects.

(e) The consequences of drought and desertificatioresoras leads
to political problems (including conflicts and pig wars)
which often lead to a lot of suffering and death.

(N Decrease in quality of living as a consequence foé t
decline in quality of the rural communities. Thisdline
in rural communities is apparently due to lack oéter
supply, un-sustained availability of fuel energy dan
inadequate income generation.

(g0 Famine and death.
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EXERCISES.1

1. List six basic socio- economic impacts of droughitda
desertification in Nigeria.

2. Discuss your personal experience on any one celated to you

through an individual or any means.

Other socio-economic impacts of drought and ddgwtion in Nigeria

are listed below:

a. Migration: An alarming rate of rural-urban movemasta result
of serious food shortages and rural unemploymexdanigle is
the experience at the Gidan Kaura village in Gadzal
Government Area of Sokoto state).

b. Demand on few facilities: In affected are as, only women,
old men and little kids are left in a pathetic state of
inadequacy of such amenities as housing, food, onegli
etc.

C. Social Vices: The urban centres are littered with
loiterers and beggars with high incidence of crime and
truancy among idle immigrants from affected
communities.

d. Famine and Malnutrition: Reduction in food production and
subsequent nutrient, intake of both human and animals result
in high mortality among both populations.

e Industrials Raw Materials: The 1972 drought in Sokoto State
has bee n the onset of an irregular and inadequate supply of
industrial raw materials such as cotton, cottordssad tanning
materials.

3.2 Control of Desertification

There are short and long-term techniques for theatrcb of
desertification. These techniques as outlined bsigju (1999) are
articulated below:

3.2.1 Short Term Techniques

These techniques give a cushion effect within ar shgeriod of
establishment. Examples include:

(1) Preservation of Existing Forest

The currently existing vegetation in gazetted fdresserves
and other wooded areas should be adequately poliaed
legislations against indiscriminate felling of trdeush-burning and
overgrazing must be wells enforced while those twa protection of
planted trees should be enacted.
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There is also need to evolve systematic managermeadtices
for sustaining adequate supply of goods and sewsvirem
the forests. Moreover, apart from increasing thenber of
grazing reserves, there is also need to establisid a
implement grazing reserve laws and by-laws to imprthe pasture.

(2) Enrichment of Soil Nutrient
Steps must be take n to encourage the use of maanck
fertilizers to improve growth rate of the existimggetation.

(3) Alternative Energy Sources

The utilisation of gas cookers, kerosene stovesd @olar
energy appliances for domestic use will reducedtbmand on the
forests. For example, the purchase of 42,000 keresstoves by
the Sokoto State Government for resale to Civilvaets at
subsidized rates is an example in the right dioecti

3.2.2 Long-Term Techniques

There are techniques whose effects show up aftdora
period of establishment.

Examplesinclude:

(1) Yearly Planting of Trees

This activity is better backed up by Government ipds.
This is one potent method for educating the populac the
dangers of an environment devoid of trees.

Importantly, the general public should be mobilizeed make
forestation a personal programme knowing full wéhlat a
restore tree-cover in the environment is for tpersonal benefit.

(2) Sand Dune Fixation
This is the planning of grasses on the dunes toceediovement of sand
particles followed by the introduction of tree sigsc

(3) Community/ Individual Wood lots Programme

This is idea for the provision of more trees in #grevironme nt for the
benefits of fuel wood, poles, fodder and shadtdrugums and resins,
and other commercial products.

(4) Farm- Forestry Practice

The farm forestry involves the distribution of skegls to farmers free
of charge to plant on their farms, protect and umertto maturity.
Moreover, the use of in situ conservation wherestaxg trees are
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protected from destruction to protect the soil fromind erosion
(as wind breaks) and serve as fodder and shadanbor and
animals.

(5) Shelter belts Establishment

The Arid zone Forestation Programme, Ecologicakd3ier Relief
Programme, Forestry Il Project, the State Fores®srvices,
Drought and Desertification Control and State Eammental
Protection Programmes have established conventisimalterbelts.
These programmes have proved to be some of the eftettive
way of protecting the soils. For example, the 6Zzgted forest
reserves and 200-km of shelter belts in Sokoto eS#ill exists
and is protective.

(6) Integrated Rural Development

With irrigated shelterbelts, other welfare servitige the provision
of water for the rural people and their livestodkh poreholes)
exist, to improve the living standard of affectesnenunities.

3.3 Irreversble Desertification

Desertificat ion ends up into irreversible lossbadlogical productivity
when there is destruction or alteration of soilfigowhich is itself the
result of thousands of years of soil forming preessin which case, the
soil will not be able to support plant growth whitdkads to reduced
productivity.

Such soil degradation includes Lateritsation andm@action
which facilitates sheet wash by running water, sandumulation
which may develop into dunes.

These situations can be checked through the ptardaingrass (e.g
vetiver), shrubs and trees (Oduawaiye, 1999).

34 The importance of Remote Sensing in Desertification
Control

To monitor and solve the challenges of desertificat there
IS need to collect data about the target envirotnmieemote Sensing
has proved very useful in this area.

Lilles and Kiefer (1979) defined remote sensinghesscience and art of
obtaining information about an object, area or pim@enon
through the analysis of data acquired by a deviad is not in
contact with the object, area or phenomenon.
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The device is used to collect data about envirortmetihout coming
in contact with the environment under study.

40 CONCLUSION

The reality of desert encroachment in Nigeria isamoissue for debate
but a call for concern, awareness and concreteoastthat will
help reduce the negative impacts of droughts ardrtfcation.

It is essential for you to first understand clediat humans are the
major cause of these environmental hazards whos$ecef are
virtually impossible to separate.

50 SUMMARY

The impact of drought and desertification in thewght prone and
decertified areas of Nigeria are serious on mangose such as:

o the physical and ecological environment

agriculture and livestock production and management

water resources and water resources management

Health

ecosystems and

forests and forestry

There are short and long-term techniques for theitrob of
desertification. These techniques are:

Short Term Techniques
Preservation of Existing Forest
Enrichment of Soil Nutrient
Alternative Energy Sources
Long-Term Techniques

Yearly Planting of Trees

Sand Dune Fixation
Community/ Individual Wood lots Programme
Farm- Forestry Practice
Shelter belts Establishment
Integrated Rural Development

o
o

TUTOR MARKED ASSIGNMENT

Mention three ways by which human contributeddsertification
How does grazing lead to desertification?
Is desertification reversible?

whn e
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10 |INTRODUCTION

As we commence yet another unit on environmentzhtus our goal is
make this unit easy for you to comprehend. The emwvinental
hazard for consideration is volcanic hazard andwitl be
discussed in two parts as units 6 and 7.

This sixth unit will review fundamental issues oolcanic hazards and
relate some real life experience of the hazardscaobes
have caused in terms of life and properties.

We like to sound a note of caution that some réal dtories and
incidences may disturb you if you are emotional.

20 OBJECTIVES
At the end of this unit you should be able to:

o discuss on the three volcanic tectonic settings
o list six substances that are ejected during a waicaruption
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3.0 MAIN CONTENT

There are about 500 active volcanoes in the wamlén average year,
around fifty erupt. Since only about 5 per centeofiptions result in
human fatalities, the relative infrequency of hdpars volcanoes events
Is one of their most dangerous features.

Traditionally, volcanoes have been classified asvacdormant or
extinct but in 1951 Mt Lamington erupted in PapuawNGuinea
killing 5,000 people although considered extinct e prudent,
all volcanoes which have erupted within the lastOP® years
should be regarded as at least potentially active.

Like earthquakes, the distribution and behaviour volicanoes is
controlled by the global geometry of plate tectami@and active
volcanoes in every continent, except Australia (6ni991).

They are found in three tec tonic settings:

1. Subduction Volcanoes

They are located in the subduction zones of the earth s crust where
one tectonic plate is thrust consumed beneath another.

They comprise about 80 per cent of the world sractblcanoes and are
the most explosive type with the typical form ofs&ratulern,
composed of alternating layers of ash and lava.

2. Rift Resumes

They occur where tectonic plates are dive rging. They are generally
less explosive and more effusive, especially when they occur an th
deep ocean floor.

3. Hat spill Roleames

They exist in the middle of tectonic plates where a crustal
weakness allows molten material to penetrate from the earth s
interior. The Hawaman islands in the middle of Baeific plate are a
good e xample.

3.1 Primary Volcanic Hazards

They are associate d with the products ejectedhéyolcanic eruption.
The most explosive volcanic eruptions are accom@dnby
pyrodastic flows, sometimes called nies ardentsgbowing
clouds. These flows result from the frothing of rex
magma in the vent of the volcano. The gas bubblesmt
expand and burst explosively to fragment the lava.
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Eventually, a dense dead of lava fragments isegjeict form a turbulent
mixture of;

hot gases
pyroclastic material
volcanoes fragments
Cystals

ash

pumice

glass and shards

These eventually then flows down the flank of tléc&no. Pyroclastic
bursts flow downhill because, with a heavy load @Eva
fragments and dust, the flow is appreciably dertean the
surrounding air. Such clouds may be literally redt {up to
1,0000C) and may be ejected many tens of kilomeinés
the atmosphere. However, they pose the biggestrdawndnen
they are directed laterally by explosive blasts [€Ra type)
and remain close to the ground. These directed tblage
capable of advancing in surges at speeds beyonan8D. In
historical eruptions, pyroclastic flows have trakeel some 30
10 km from the source. Very little can survive inet path
of a pyroclastic surge and flows eruption.

During the twentieth century the Mont Pelee digaste the island of
Martinique the town of St Pierre, some 6 km fronetbentre

of the explosion. The Island suffered a surge teatpes around
7000C borne by a blast travelling at around 33sush surges can melt

o plastic
o metal and
o glass.

The surge itself is usually preceded by an air tblaish sufficient
force to topple some buildings. Air fall replied mprises all
the fragmented material which is ejected by thecambd and
subsequently falls to the ground.

Volcanic gases are released by explosive eruptiamd lava
flows. The gaseous mixture commonly includes

o water vapour

hydrogen

carbon monoxide

hydrogen sulphide

sulphur dioxide

sulphur trioxide

chlorine and
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o hydrogen chloride in variable proportions.

Measurement of the exact gas composition is mad&cdilt
by the high temperatures near an active vent anithéyact that the
juvenile gases interact with the atmosphere andeatter, thus
constantly altering their composition and propersoCarbon
monoxide has caused deaths because of the toxiectSffat
very low concentrations but most fatalities have ebe
associated with carbon dioxide releases.

Carbon dioxide is dangerous because of the follgvigatures:

o it is a colourless

o odourless gas

o density about 1.5 times greater than air

o accumulates in low-lying places

o Commonly found at topographic hollows

o Sometimes detected at basements of house

o Not easily detected

o Once inhaled, it can cause death in 10 -15 minatt@smosphere
concentrations as low as 10 per cent by volume.

REFLECTION

You may wish to consider this awful experience §v¥9. About 142
people evacuating from a village in Indonesia dudghe presence of
lava, at night tried to escape from the threaterezduption

simply walked into a dense pool of volcanically eaked

carbon dioxide and were immediately asphyxiated.

Learn wisdom from this experience.
3.2 Ground Deformation

Ground deformation occurs as often as volcanoeswgirmm

within by magma intrusion and as new layers of laamad

pyroclastic material accumulate on the surroundgigpes.

The deformation is not in itself a hazard but itoprdes a
destabilizing process by over -steepening hill etofsuch structural
failures of a volcano have occurred worldwide, emrage, four times
per century over the last 500 years, although fesattis

have occurre d major structural instability is mbkely on large
polygenetic volcanoes (Smith, 1991).

Lather is volcanic mudflows with the following claateristics:
o at least 50% sediment
o has sand grain size or smaller
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o occur widely on the flanks of volcanoes

o Also occur in wet tropics

o the term is of Indonesian origin

o present the greatest threat to human life, aftem privoclastic
surge

o lather may occur in associate with any volcanicnéve

o large quantities of water are present on the swdps of a
volcano.

o Sometimes this water forms iron violent electri@hstorms

o most destructive events have been linked to thiel nayelting of
snow and ice

o pyroclastic flows cause mean-descent lava fragméontall over
a wide area of snow and ice

REFLECTION

For example, about 5,500 people were killed in aflow following the
erumpent of the Kelut volca nic Lava, in 1919.

The water mixes with soft ash and volcanic boutdgoroduce a debris-
rich fluid, sometimes at high temperatures, whidtert pours
down the mountainside at speeds which commonlaia @5 ms
and may reach in excess of 22ms.

The lather threat is prominent along the volcanitaimn of
the northern Andes.

Andean volca noes result iron in the Pacific Ochaor (Nazea plate)
descending beneath the continent of South Ameriage$. There are
at least twenty active volcanoes in the resultingumtain area
which extends for 1,000 km and straddles the eqtiato central

Colombia in the north to southern Ecuador in thelso

The highest peaks exceed 5,000 m in altitude amg@manently snow
capped. Many of the mountain tops are structurakyy week
due to the action of hot gases over time. Latherge hcaused
several historic disasters.

DISCUSSION POINT

Cotopaxi in Ecuador has erupted at least fifty tsnsence 1738.
During an eruption in 1877, so much ice and snow melted that e
normous lathers, were released about 160 km lonlgis Twas
discharged simultaneously to the Pacific and Aitamlrainage
basins.

What is the possible effect of this discharge @abuatic organism?
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Discuss your response with your colleague s insclas

The worst volcanic disaster in the world since #maption of Mont
Pelee occurred is a result of lathers following 1885 eruption of the
Nevado del Ruiz volcano in Colombia. Nevado del R(5,200m)

Is the most northerly active volcano in the Andds. has

generated large lathers in the past, notable irbl&®d 1815, and
additional settlement has taken place in the surdong valleys
over the last century.

Fresh major volcanic eruption did not take placélwne year later.
This caused large-scale, rapid melting and a hwdbkelr rushed
down the Lagunillas valley sweeping up tree, bunnlgs and eve
rything else in its path. Some 50 km downstream
overwhelmed the town of Armero. Over 5,000 buildsngere
destroyed by a deposit of mud 3-8 m deep and aln2@s000
people lost their lives within a few minutes. Sonoé the
survivors were trapped up to shoulder height in &s& slurry
for two days before being rescued.

EXERCISE 6.1

From the above paragraph about 22,000 lives westariahis volcanic
eruption. On the bases of this data search the rngite using
any search enginesuch as goggle scholar to obtain;

1. The number of lives lost in volcanic eruption in

» 2000
« 2001
» 2002
» 2003
» 2004

2. Identify the countries where each incident occutrand rank
each Country based on the number of occurrence.

3. Make a list of the Continents of the world and rahlem
on the bases of volcanic eruption.

40 CONCLUSION
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Volcanic eruption is real and it is a very seriasivironmental
hazard although the hazard is alien to our nattbhere are many
nations around the world that are plagued by thar fef the
possibility of volcanic eruption. Others live in @hfear and
trauma of seeing a beloved one perish in an emuptio

Irrespective of the experience volcanic eruptioeases gases that are
dangerous and hazardous to human health, life aogdepies. This
hazard cannot easily be controlled but humans ceridaliving in
volcanic zones.

50 SUMMARY

We have learnt in this unit that:

Lather is volcanic mudflows with the following claateristics:

o at least 50% sediment

o has sand grain size or smaller

o occur widely on the flanks of volcanoes

o Also occur in wet tropics

o the term is of Indonesian origin

o present the greatest threat to human life, aftem privoclastic
surge

o lather may occur in associate with any volcanicnéve

o large quantities of water are present on the stadps of a
volcano.

o Sometimes this water forms iron violent electri@hstorms

o most destructive events have been linked to thiel nayelting of
snow and ice

o pyroclastic flows cause mean-descent lava fragméontall over

a wide area of snow and ice.

Carbon dioxide re leased from volcanic vent is @aogs because of the
following features:

o it is a colourless

odourless gas

density about 1.5 times greater than air

accumulates in low-lying places

Commonly found at topographic hollows

Sometimes detected at basements of house

Not easily detected

Once inhaled, it can cause death in 10 -15 minait@esmosphere
concentrations as low as 10 per cent by volume.
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1.0 INTRODUCTION

This is the second part on the series on volcamigpdon.

This unit will treat issues related to lather slsdand debars
avalanches. Essential environmental control tealesq for
diverting and controlling lava flows such as bonthirthe use of
artificial barriers and water sprays will be dissed.

2.0 OBJECTIVES

At the end of this unit you should be able to:

o Explain the relationship between lather slides armdcanic
eruption.

o State three methods for the control and diversidava flow.

o Discuss on any four ways of forecasting and warwingolcanic
eruption.

3.0 MAINCONTENT

They are a common feature of volcano-related ground
failure. They are particularly associated with erps of deictic
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magma, which is siliceous with a relatively higlsaosity and has a
large content of dissolved gas.

The experience of volcanic eruption at Mt. St Hel#mat took place in
May, 1980 is worth discussing. Mt St Helens is ook at
least seven active subduction volcanoes in the d&dasRange of
the Pacific Northwest, USA.

The experience began with swarms of small earthepiéld = 3.0) and
minor ash eruptions gave the first signs of a m&eent and were
followed by ground uplift on the north flank of theolcanic

cone. Over a two-month period the uplift continuad a

rate of about 1.5 m per day. More than one montlobe

the main eruption the bulge was nearly 2 km in @#mnand had
swelled by as 100 m.

Large cracks were evident in the cover of snow dod.
All this evidence was consistent with the injectioof
viscous magma under the volcano at shallow depth.18
May, when the bulge because 150m high, an ear keq(d = 5.1)
shook the walls of Mt St He lens summit crater astdrted
many small avalanches. Then a huge slab of rock ied
on the over-steepened northern slope of the voleadbmnoke
away from the main cone along a crack across theemup
part of the bulge. The earthquake triggered a delawalanche
containing 2.7 km of material and pressure in thallsw intrusion
was further relieve d by an explosive eruption andssive ash
cloud. Volcanic ash blanketed much of eastern Wagtdn
State, 57 people were killed and property damages wa
estimated at USI billion (Smith, 1991).

3.1 Environmental Control

There is no known method of preventing volcanicpgam. Similarly,
there is no known defence against the pyroclastmvsg and
comparatively little can be done to protect stamdiarops and
exposed water supplies from air-fall tephra. Theref lava
flows moving at comparatively slow speeds are tlécanic
hazard over which most physical control can beteger

The first known attempt to divert a lava flow togkace in
Sicily in 1669, when iron bars were employed to tioystop an
advancing flow from Etha reaching the town of CaiaA breach was
opened in the flank of the flow which then begantake another
direction. Unfortunately the new course threatened
neighbouring village and the attempt was abandoned.
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Control of lava flows has also been attempted irw&la mainly to
protect the city of Hilo, which was reached by @nflin 1881 and is at
risk from future events.

3.2 Methods of Diverting and Controlling Lava Flows

There are three possible methods, according to I$1fli©99)
for diverting and controlling lava flows:

3.2.1 Bombing

The use of ground explosives can be useful in thiteations.

o First, bombing of lava high on the volcano may eatle flow to
spread there and halt the advancing lava frontdpyriding it of
supply. This method was first tried with limited caess in
1935 on a fluid lava stream advancing on Hilo, altgh
some scientists believe that more modern techniqfes
aerial bombing could achieve better results.

o Second, control of how lava has been attemptedd&gching the
flow out locally and starve the advancing frontnoéterial. This
method was tried on the flow of Mauna Los s 1942
eruption and in the 1983 eruption of Etna, when it
proved possible to divert some 20-30 % of the bjdtdw from
its natural channel.

o The third possibility, not yet tried, is to bombetlwvalls of the
cone at the vent so that the very fluid lava thegls out over a
relatively wide area and is unable to contributeatalefinite
stream. These methods involve an element of risk. i when
the topography is suitable, and are best attempiiéd good
atmosphere visibility, which is unusual during \aie eruption.

3.2.2 Artificial Barriers

It can be used to diver lava streams away from aale

property if the topography is favourable. Barriemsust be

constructed from resistant, large-calibre matesath as massive
rocks, with a broad base and gentle slopes. Thehadeis most
appropriate for thin and fluid lava flows which exe relatively

small amount of thrust. It is doubtful if diversiarould work with more
powerful blocky flows which may attain heights & 8 or more.

Several diversion barriers have been proposed toteut
Hillo, Hawaii. The topographic setting is favourabbecause
flows can only approach the city through a narrowrridor,
allowing intercepting barriers to be locate d ivace of an eruption
with a high degree of confidence. The walls suggdsitvould
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be around 10 m high and the channels created blyaireers would be
around 1 km wide, which would hold the volume ofdaesulting from
any nearby eruptions in historic times.

This method has applications e Ise-where. For exdemm
the Kralla area of Northern Icela nd, the land besn bulldozed to
create two barriers to protect a village and acigctespectively from
the free-flowing lava.

3.2.3 Water Sprays

This technique was first employed to control lakavé during the 1960
eruption of Kilauca, Hawaii, in a sponteous expeeimh by a
local fire chief. The method was used on a largdesduring the
1973 eruption of Eldfell to protect the town of f@snanaeyjar on the
Icelandic island of Heimacy. It has been estim#tedl 1 m of water will
cool about 0.7 m of lava from 11000C when totatipwerted to stream.

On Heimacy, special pumps were shipped to the dskm that large
guantities of sea water could be pumped from tlibcha. At the height
of the operation, the pumping rate was almost 1eaffectively chilling
about 60.0000 m. of advancing lava per day. Therebts® was
expensive, lasting for about 150 day, but it appedao be
successful.

Some days after spraying started, the lava frowedl up into a solid
wall some 20m in height. Measurements of lava terapee,
made is specially drilled boreholes after the eraptwas
over, confirm that where water had not bee n apgliehe
lava temperature was 500-7000C at a depth of 5-Beiow
the surface. In the sprayed areas an equivalentpéeature
was attained until a depth of 12-16 m below tha lanrface (Smith,
1991).

3.3 Vulnerability Modification Adjustment: Community
prepar edness

As with earthquakes, the cost of mentoring volcaaativity and

pre-disaster planning is small compare d to theepial losses.
Given the existence of a monitoring programme arigcéive

preparation, some warning can usually be given w@rnm

evacuation of the most dangerous areas beforertiien occurs.
Until rece ntly, emerge ncy planning in volcaniczhed zones was
not well developed in the LDCs.
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Before the Nevado del Ruiz disaster in Colombialf#85, there
was no national policy in place for the systemationitoring of
volcanic hazards or for the manageme nt of suchattsz Police
failures were compounded by de lays in hazard mappind the
unwillingness of the author ities to accept the remmic and
political costs of early e vacuation.

The length of time available for the alert phasdfelis

widely. In some cases volcanic activity may startibcrease
months before a violent eruption; in other evemtly @ few hours may
be available. For effective evacuation, it is e$isénthat the

population at risk is clearly informed well in advae about
the evacuation routes and the refuge points tolwthiey should go. To
some extent these directions will have to be flexidepending on
factors such as the expected scale of the eruptwmich might

influence the pattern of lava flow, and the winckedtion at the
time, which will influence the pattern of ash fall.

Some local roads may be destroyed by earthquakeséad ground
failures. Steep sections of highway can become gsibte with even
small deposits of fine ash, which make asphalt vergpery. The
evacuation of densely populate d areas creates iapec
problems of transportation, including the peak o@pa of
road networks and the balance of public and privatacles available
(Smith, 1991).

During the 1991 eruption of Mt Pinatubo, the tatamber of evacuees
extended to well over 200,000 about three timesemmzople than
previously evacuated in any volcanic emergency.

In some cases, off-shore evacuation may be negdssar

° small volcanic islands
° coast of New Britain island
o Papua New Guinea.

The existing road network, extending no more th@nkt from the

caldera, could not guarantee safe landward evacuoaduring all

eruptions whilst seaborne evacuation was limitedhgyabsence of
suitable wharf facilities for large ships.

In small-to moderate eruptions, it was suggestedlt tine best
option might be to shelter the population in aneasive system of
tunnels which were excaudate in tephra depositsuadoRebaul
during the Japanese occupation of the area duh@dSecond
World War.
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After evacuees have reached the refuge points, tleeyire
support services which include;

o medical treatment (especially for dust-aggravatespiratory
problems and burns)

o shelter

o food and

o hygiene.

Volcanic emerge ncies may last for many months magp&ons
are repeate d. This implies that the temporar yamgements
planned for refugees may have to function for sotimae,
perhaps is that, depending on the prevailing wimaddions,
ash fall has the potential to disrupt communitiesesal hundreds of
kilometres away.

For residents at these sites claimed any prior kiea\ge of
ash fall hazard and warning messages were largedifectual
in promoting a response. Hazard mitigation spesialiclearly
have a difficult task in persuading such distantgwnities that
they face a volcanic risk.

Increasing efforts are now made to encourage tbal lpopulation in
seismically active areas to become more involvedh wdisaster
preparedness. Evidence from the western USA sugghat, whist
residents do make responses from the long-ternatyréhere is little
prioritization of the adjustments.

In the Philippines the Institute of Volcanology and
Seismology has adopted a programme whereby resiéeatgives
a training course and then encouraged to look éssiple precursor y
signs of volcanic activity. Such as crater gloweash releases,
sulphurons odour and dying vegetation (Smith, 1991)

In Ecuador about 3 million people live within thevd main
volcanic mountain ranges and are at some degreeisK
from lather. The principal threat is the Chillogdamtacunga
on lather deposits from the 1877 eruption.

Again, public education programmes, including figtdps and
evacuation exercises involving 5,000 people inrautated eruption
scenario, have been used to raise awareness amdirage better
precautionary attitudes.

61



ESM 204 ENVIRONMENTAL HAZARDS AND NATURAL DISASTER MANAGEMENT

34 Forecasting and Warning

Major volcanic eruptions do not occur spontaneoudlgey are
preceded by a variety of environmental changes Wwhic
accompany the risk of magma towards the surfacee Th
monitoring of these changes provides the best hayge
developing reliable forecasting and warning systefmswever,
only twenty volcanoes worldwide are monitored by lwe
equipped local observatories whilst a further 1%¥eh limited
instrumentation, mainly seismometers (Smith, 1991).

UNDRO (1985) classified the various unusual phykiead
chemical phenomena that have been observe d tordoefore
eruptions. Unfortunately, such phenomena do noagdwappear
and the highly explosive volcanic eruptions are egalty the most
difficult to forecast.

The most reliable monitoring techniques are seisarnd ground
deformation measurements, although Ilather monitpriby
automatic rain gauges and flow sensors on the ugpgres of
volcanoes can provide some warning of this hazard.

3.4.1 Earthquake Activity

This occurs commonly near volcanoes, although itn@ fully
understood whether earthquakes trigger eruptionsioe versa.
For predictive purposes, it is important to gaugg ancrease in
activity in relation to local background levels.

This means that it is essential to have good sesapb records,
preferably over many years for the volcano in goest

Immediately prior to an expected eruption theseonds will be

supplemented by data from portable seismometerser@his

some evidence from a percussive seismic signathiehvihas been
incorporated into a tentative earthquake swarm infetdehe prediction
of volcanic eruptions.

The onset and subsequent peak of a swarm of highufency
earthquakes reflects the fracture of local rockstres magmatic
pressure increases. This phase is followed byadively quiet period,
when some of this pressure is relieved by crackintipe earth s crust,
before a final tremor results in an explosive enpt
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3.4.2 Ground Deformation

This is sometimes a reliable percussive sign ofeaplosive
eruption as magma moves towards the surface, butethtionships
are complex and not easy to fit into a forecastnmogle I. The method is
also difficult to employ for the explosive subduoctivolcanoes because
it erupts so infrequently that it is difficult tobtain sufficient
comparative information. In rare cases, such ag 9@ event at Mt St

Helens, the deformation is sufficiently large to lasily
visible but it is usually necessary to detect mosets with
standard survey equipment or the use of tilt meters

These instruments are very sensitive but can oaetprd changes
in slopes over short distances. The use of electrahstance
measurement (EDM) techniques provides a more ateymature
of relative ground displacement, although it isslesually available
and requires a series of visible targets on thecamad. Global
positioning system (GPS) measurements, obtainedmfro
satellites, are now also available to reveal théasa displacement
of volcanoes.

3.4.3 Thermal Monitoring

Thermal Monitoring as magma rises to the surfatemight be
expected to produce an increase in temperature. Bany
volcanoes have erupted without any detectable thérrhange.
The temperature of hot springs and steam emissanhbe fairly
easily monitored but it provides only an indirecttpre of what
Is happening beneath the surface.

Also any small rise in surface temperature assediatvith a
greater geothermal heat flux can be obscured byfaHi There is
also a problem of thermal inertia when heat coridoatnay be too
slow for forecasting purposes. Where a crater lekests, thermal
changes have been meaningful.

UNDRO (1985) cited the example of the Crater Lake o
Taal volcano, in the Philippines, which increasedemperature
from a constant 330C in June 1965 to read 450Géehd of July. The
water level also rose during this period and, iptSaber 1965, a
violent eruption occurred.

Such observations can increasingly be supplemenbsd
thermal imaging from satellites. Heat emission wae of the first
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volcanic features to sense remotely and it hasgot@ valuable means
of hazard assessment.

3.4.4 Geodetically Monitoring

This is any predictive interpretation of the chealic
composition of the juvenile gases issuing from &alc vents is a
difficult task. Gas samples take only a short time,distance, apart
often shows considerable variation. It is, therefonot usually
possible to know how representative any changesmposition might
be of more general conditions in the volcano. Misaaservations of
steam emissions or ash clouds depend on metearalagpnditions of
well as volcanic activity, but volcanic plumes cha monitored by
AVHRRs carried on weather satellites.

At present there is no fully reliable forecastinghsme
available for volcanic eruptions although some sex has
been achieved. For example, a high-confidence &steof the
1991 Mt Pinnatubo eruption allowed the evacuatibpeople from an
area that, at maximum, covered a 40 km radius.

By the time the 1996-7 eruptions on the island adntserat had
destroyed the main town of Phymouth, all the resitdehad
been evacuate to the safer, northern part of tlends But
uncertainty often leads to practical problems; thess well illustrate
d by the events at La Soufriere, on the island afaGaloupe,
Lesser Antilles, in 1976.

Abnormal seismic activity over a twelve-month petio
eventually led to the evacuation of 72,000 peopbenfaround the
volcano. This evacuation of around one-fifth of tip@pulation

was one of the largest, and most costly, ever wakiem for a
volcanic emergency and lasted for over three months

The managerial problems of responding to an uncerta
volcanic hazard prediction have also been apparethhie Cascade
Range in the Pacific Northwest of the USA. Follogvsteam discharges
at least ten times above the normal level from Mkdé&, Washington,
during March 1975, the US Geological Survey foreshes possibility
of a destructive mudflow or avalanche.

The US Forest Service closed public access to thkeB Lake
Recreation Area in June 1975. The restrictions riesdhin force
for nearly one year, during which time no hazardoasent
occurred.
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Subsequent survey of both residents and recredist®ashown a
wide-spread belief that the authorities had ovexcted and over
70 per cent of residents claimed that they woultbig any future
hazard warnings and respond to mandatory contnolig. o

In comparison, the 1980 eruption Mt St Helens wasemaccurately
forecast but still took the authorities party byrguse. This was
because the main explosion was not immediately gued by
any special abnormal phenomena and the explosiastblias
directed laterally rather than vertically. As a uds57 people
who had been allowed to enter the danger area Vkdted.

Although the surrounding area was sparsely popdlate has
been estimated that perhaps as many as 1,000 hwgbt have
been lost if free access had been allowed to redsdeand
tourists.

40 CONCLUSION

The occurrence volcanic eruption is real and itasvery
serious environmental hazard that destroys life and
properties although you may not appreciate thenigcies for
the control of this hazard because it is alienuor@tion.

There are many nations around the world that aregpkd
by the fear of the possibility of volcanic eruptio®thers
live in the fear and trauma of seeing a beloved meréesh in an
eruption.

Irrespective of the experience volcanic eruptioeases gases that are
dangerous and hazardous to human health, life aogdegies. This
hazard cannot easily be controlled but humans ceridaliving in
volcanic zones.

50 SUMMARY

In this unit you have learnt that lather slides aletbars avalanches are
common feature of volcano-related ground failureney are
particularly associate d with eruptions of deignagma, which is
siliceous with a relatively high viscosity and headarge content of
dissolved gas. The experience of volcanic erupditolt. St Helens that
took place in May, 1980 is worth discussing.

With regards to environmental control there is mown method
of preventing volcanic eruption. Similarly, there no known
defence against the pyroclastic flows and compagitilittle can
be done to protect standing crops and exposed wapglies from air-
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fall tephra. Therefore, lava flows moving at congiaely slow
speeds are the volcanic hazard over which most @ays
control can be exerted.

Three possible methods of diverting and controllang flows identified
they are

o Bombing
o Artificial Barriers
° Water Sprays

The most important precursors of volcanic erupéicet
Earthquake Activity

Ground Deformation

Thermal Monitoring

Geodetically Monitoring
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1.0 INTRODUCTION

The truth about life is that environmental hazadsinevitable because
they are natural but may be naturally induced tfi@ally as a result of
human interference on nature. However the typeaahid experienced
in a particular location may be different from &t

The concept for discussion in this unit is not eifear one with our
environment so you may not have a deep appreciafidhe hazard as
experienced by others except you have the captxiput yourself in
their shoes.

The truth is that landslides are real; you may wshave a look at
pictures to back-up our discussions in this unit.

20 OBJECTIVES
At the end of this study you should be able to:
e Mention five types of landslide terrain

e Discuss on two major factors t hat determine tmength of the
material during a landslide

e Qutline five causes of Landslide
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3.0 MAINCONTENT

The down slope movement of large volumes of surfaegerials

under gravitational influences is an important eammental

hazard, especially in mountainous terrain. Rapiodsemoents cause
most loss of the life and damage; including hummsuiced land
subsidence, have less potential to kill but carchstly.

Depending on the dormant material, these movemeand to be
grouped intdandslides (rock and soil) or avalanches (snow and ice).
Mass movements may be triggered by either seismic activity or
atmospheric events. To that extent, this hazarsl & the interface
between endogenous and exogenous earth processes.

There can be few countries where mass movementesiseEs do
not exist, and the landslide risk is increasing Maside as land
hunger forces new development on to unstable slofgeis an
under-recognize d threat because the impacts temdbé
frequent and small- scale, whilst the process ftsgl often
attributed to other hazards, such as earthquakdsamstorms.
Mass movements also add considerably to the widegeaof
hazards found in mountainous areas throughout therldwv
Smith, 1991).

During the early 1970s, an average of nearly 600pjee per year
were killed by slope failures worldwide but, twentyears
later, the figure ranked into several thousand. hRes as
many as 90 per cent of these deaths occur on thafiPa
ocean which is particularly susceptible to mass sroents
because of the varying combinations of rock tygegeps terrain,
heavy typhoon rainfall, rapid land use change aigh tpopulation
density.

The main cause of increased deaths has been thensmp of
unregulated town settlements to unstable slopemany Third
World cities- for example, in Caracas. In Venezuéh@ number
of urban landslides increased from less than omeygar in 1950 to
reach about 35 per year in the 1980s.

The death toll from mass movements is still compeety low in
most MDCs. In the USA annual mortality runs at Zbeople and
it has been estimate d that, for landslides alos@me 22 per
cent of the population are exposed to high hazard
conditions while another 20 per cent are exposed to
moderate hazards conditions. As with many otherirenmental

68



ESM 204 MODULE 2

hazards it is the urban area which is most vulierabcause of the large
populations at risk (Smith, 1991).

31

Land SidesTerrain

The term landslides cover most down slope movemaeofts
rock and soil debris that have become separatedmfthe

underlying part of the slope by a shear zone prsiirface. The
type of movement, which may include falling, slgimnd flowing,

depends largely on the nature of the geologic eswiment,

including material strength, slope configuratiord amater pressure.
The truth is that slope failure will become an easingly important
hazard, especially in the LDCs.

Five types of landslide terrain have bee n idesdifi

1.

Areas subject to seismic shaking. Earthquakes can promote
widespread land sliding, which often occurs in thousands
of individual slides, as in the 1950 Asian- Indartequake
when over 50 billion m of material was displacecioan area
of 15,000 km. Major landslides also occurred aftee
1988 Armenian and 1990 Iran earthquakes.

Mountainous environment with high relative relief. High energy
terrain, such as the Himalayan or Andean mountdiains,
produces perhaps one catastrophic rock fall peradiec
worldwide. These spectacular slope failures comprisige
masses of material (up to 100 x 106m) which, astlea the
initial stages, travel near-vertically at high wt@s over long
run-out distances.

Area of moderate relied suffering sever e land
degradation. Readily erodible soils on slopes subject to
land degradation caused by deforestation or oveaigoa
have the potential for gully expansion and landpgimg.
Over the centuries, about 100 villages in southdaty
have been abandoned because of this process.

Areas covered with thick sheets of loss. Any mantling

of an existing ground surface with finely grained deposits,
such as wind-blown loess or tephra, is likely taadleto a
shear zone at the junction of the two materials and
the formation of flow slides in the loose deposithie loess
plateau of central China is a classic location.

Areas with high rainfall inputs. In areas which
regularly experience rainfall from monsoons or tropical
cyclones, rock weathering can penetrate tens of emset
below the ground surface. For example, in parts of
Hong Kong weathered material has moved down
slope or cover the bedrock to a depth of more th@n
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m. throughout the humid tropics, these deep andoysor
mantles are prone to landslides(Smith,1991).

3.2 Landdlides: Strength of the Material

Landslides are down slope movements of rock antiadong slip

surfaces. They are associated with a disturbance thed

equilibrium which normally exists between stress dan
strength in material resting on slopes. The relasiop

between stress and strength in material restinglopes and
the density, strength cohesion and friction of theterials

comprising the slope is exceeded by a down slopssst

The strength of the material is the maximum resis® to

shear stress and depends on:

1. Internal cohesion: This is produced by the inteKing,
or sticking together, of granular particles, partaly in
clayey soils and rocks, that enables the matenaletst at an
angle. Some materials, such as dry sand, are cohesi
less. Cohesion is independent of the weight of natabout the
surface.

2. Internal friction: Thisis the resistance of particles of
granular soil to sliding across each other. The friction
components of granular soil to depend on the weafjimaterial
above the surface.

In turn, these factors will depend on

o the weight or loading on the slope
the moisture conditionals

the weight of material in the block
the angle paralleled to the slope
the driving force or shear.

Sliding is resisted by the shear strength whichderived
from the cohesion of clay-rich materials and thatistfriction
between the block will remain in place as long &g driving force
does not exceed this combined shear strength. éf slope
becomes steeper, the shear stress exerted on igbtelig surface
because the down slope component of gravity inerdéshese stresses
eventually exceed the shear strength along a aitislip
surface, the mass above the surface will move cbope.
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3.3 Typesof Landdide

There are two main types of landslide:

3.3.1 Rotational dides

They exist as curved slip surfaces. The result patéern of scars and
depositional features. Of which the most commornhis spoon-

shaped scar associated with shear failures alongdar plants.

The slipped material will be deposited on the slapeeither a

hummocky or a lobate form depending on the watatesd.

This type of slope movement can cause a (great ddal
property damage if the slope has been built updndauning can
often be given for evacuation. A good example ie tlandslide
disaster which affected the city of Ancona, centtaly, in 1982.

The major short-term cause was an increase in patef pressure
associate d with heavy rainfall in the previous mmorApar t from
losses to road and rail communications, 280 dwegHinwere
damaged. Although the slide occurred in an are&nmiwn slope
instability, no formed warning was given on this casion.
Nevertheless, about 4,000 people spontaneouslyuavaed their
houses.

3.3.2 Trandational dides

Translational slides have relatively uniform, plansurfaces of
movement and are sometimes known as block glides agebris
slides. Intersecting planner slip surfaces from gesdof rock,
which are relatively common types of translatiorslide. The
destructive landslide that hit the Vaiont dam inetRiave
valley, northern Italy, in October 1963 was a comdd
natural and technological disaster.

The Vaiont dam, over 260 m high, the key constaucin a chain of
hydroelectric dams, was completed in 1960 acrosareow canyon set
within a broader valley.

The slope of the upper valley were underlain byetagl sedimentary
rock dipping towards the valley floor and traversday
fractures parallel to the slope. The sedimentargue&ce
included limestones with inter-bedded clays whiclecdme
significantly weaker when we t.
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As the water stored in the reservoir backed up hdhihe
dam, it entered pre-existing fractures and wettelde t
vulnerable layers. Following heavy rain and a minearth
tremor, the southern slope of the valley failed. |Arge
volume of material collapsed into the reservoir ahdplaced
some 200 x 106m3 of water, mud, rock and timberjclifell
almost vertically over the dam into the valley bwloAlthough
the dam remained intact, several villages we retrdged with
the loss of 1.189 lives.

Table 8.1 Classification of landslides
Type of movement | Type of material Bedr@iekgineering |[Predom fine
soils  Predor
course

Falls Rock fall | Debris fall Earth| fall

Topples Rock | topple Debris topple Earth topple

Slides [Rock slump Rock blogDebris slumﬂEarth slumj
(a) rotational slide Rock slide Debris  blockEarth block slid
(b) translation slide DebrisEarth slide
slide
Lateral frock spread Debris| spread
spreads Earth spread
Flows Rock flow (deep Debris Earth flow
creep) creep)
Carlren

of two or more principal types of moveme nt
Complex

Source: Smith (1991)

3.4 Causesof landdides

Landslides result from a variety of events that noaynbine either to
increase the driving force or to reduce the shemistance on a
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slope. Factors that increase during forces on pestoay be either

physical or human and include:

o An increase in slope angle which may occur if aeam
erodes the bottom of a slope or if the slope iegéned
by building work. Jones et al. (1989) have desalilhew
the cutting of a road into the basic of a slope idgr
1984, which left exposed faces 25 m high and callms
standing at an angle of 550 unsupported by anything
other than a 3 m masonry wall, led to the CataldHide
disaster in Turkey in which sixty- six people died
1988.

o Removal of lateral support at the foot of a slogaia caused
either by natural mass wasting processes or bdibgilactivity.

o Additional weight placed on the slope by the durgpai waste
or house construction. Residential development ardy adds
weight to the slope through the buildings themselbat also
through excess water supplied from landscape trogaand
seepage from swimming pools and sewage affluetéisgs

o Removal of vegetation by wildfires or through hunsativities
such as logging, overgrazing or construction. Serfeaterials
become looser because of the loss of soil bindyngobts and
the slope is also more exposed to the erosive radiocsurface
water through the loss of plant cover.

o Local shocks and vibrations which can occur nalyr&lom
seismic activity or from the operation of heavy siuaction
machinery.

Factors that lead to a reduction in the shearteggis on a slope are:

o An increase in pore pressure in the slope mateyrials
especially along a slip surface. This is the most
important single factor and explains the close
relationship which exists between shallow-seated
landslides debris flows, and rainstorms. Unfortuetat
the detailed interaction of rain-water and soil d&ebur is
not fully understood and it remains difficult toeplict landslides
on a site-specific basis.

In unsaturated material that is not totally dry,ethnternal
voids or pore will be filled with gas fair and wateapour
and some liquid water. If the slope then experience
additional loading, perhaps as a result of buildoopstruction,
the mineral grains will be able to slide into a ,mocompact
arrangement. Such compression increases the saositgeand
additional strength will result.
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However, if there is resistance to a denser cordigon due to water in
the void space, and rapid surface loading occuflatinee to the
permeability of the soil, then the additional laadransferred into
the pore water causing an increase in the porervpagssure. In turn,
this reduces the friction component of strength afwvn slope
movement may occur:

e An increase in slope angle, which often occurs wteweloped
slopes are over-steepene d by cutting into the, lmg®ocess which
increases the driving force. After land slippingtbe slope the area has
to be re-engineered to a safer 2:1 overall anglembooed with
restoration work includes improve d drainage, rbeeation and
strengthening of the toe of the slope.

Studies have shown that, several decades ago, 3eB@ent of
landslides in southern California were related tmnstruction
activities. Improve d grading codes have reduces dmount of
slope movement damage but there is still a genteead, in the
Los Angeles area and else where, towards buildimdnitl slopes
which is driven by the decreasing availability d&tfland sites
and the fashion for houses with extensive views;

e Weathering processes, which promote the physicadl an
chemical breakdown of slope materials. Certain ai@aterials,
such as montmorillonite, expand when water is pnésand
the behaviour of these expansive clays has beetdated in
the failure of many southern Californian hillsidés.addition, other
natural or soil piping developments on slopes lgdld to weakness and
the possibility of land sliding.

In most urban areas, landslides may be attributeal tombination of
the above factors. One example is the 1979 Abbortsf
landslide which created a slope failure covering H8 in a
suburb of Dunedin, New Zealand, and severely dathage
sixty-nine houses. In this case the failure washbaitied to the removal
of some slope support at the toe by excavationbimiding, the
introduction of additional water to the site andetkxtensive
removal of natural vegetable all superimposed onuastable
geological setting.

The progressive human invasion of landslide hazandes is not
confined to the developed world. The need for imyaod
transportation leading to new road constructiortemmain with a
high probability of slope movement throughout tH2as. In these areas
limited resources may lead to inadequate hazartegron.
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For example, the 52 km long Dharan-Dhankuta roachpteted in 1981,
provide a key north-south link within Nepal betwedhe
Ganges lowlands to the south and the hill villaigethe north. The
road crosses the unstable Himalayan foothills oftBéepal and is
surrounded by long, step valley side slope angléed3@-450.
Engineering is difficult and expensive in such tEmr and
the road was built to a relatively low cost speeifion. The road has
since proved difficult to maintain because of dops failures and the
blocking of culverts by debris.

3.5 Rock falls

These are movements of debris (mainly rock) tramsgub
through the air. They are the simplest type of rowkvements and
occur on steep faces where bedrock weakness esdsts as joints
bedding and exfoliation surfaces are present.

Rock falls are presume d to fall directly off clifaces, rather
than to slip along a joint or bedding plane, altigbuboth

types of movement may occur. The presence of watefefts

and fissures is highly influential, especially metmid-latitudes where
regular freeze-thaw cycles progressively weaken ritek mass by
increasing such openings.

Many of the largest rock falls are induced by equthke but more
spontaneous slope instability also occurs, espégcial closely
jointed or weakly cemented materials on slopes peeethan
about 100. The greatest rock fall hazard exists wjoent and
bedding planes are inclined at a steep angle adidiedy folded
rocks common in major mountain chains like the Himyas,
Andes and Rockies.

The Frank rockslide, which occurred in Alberta, @aa, in
1903, was a classic example.

In this case the slide took place across beddiaggsl in a steep anticline
formed in the well-jointed limestone of Turtle Motan,
which was subject to mining activity. Groundwatee ing into
the joint dissolved the limestone and enlarged treectures. During
the winter this water froze and wedged the rockrapfurther
weakening the structure. The resulting debris dgstt the southern end
of the small town of Frank killing about seventy qqde.
The present town has since been relocated abont 2okth of the
original site.
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3.6 Debrisflows

These are down slope movements of fluidities sod ather material
acting as a viscous mass. This occurs when loogee sinaterials
become saturated, resulted in a loss of cohesidniraernal friction

between the granular particles, as that an unstdbfey mixture is
produced. Debris flows tend to be less deep-sesltgrk failures than
landslides. They are a major feature in the tropwkere they are
triggered by either the prolonged rainfall assoethtwith

slow-moving low pressure troughs or the more irgenainfalls,

sometimes exceeding 100 mm h-1, created by tropychbnes.

The high water content means that the slope mdtanaves
faster and further from the original source tharthwiandslides.
Although the course of debris flows is often guidég stream
channels, events mean that they tend to claim mloves

than landslides. Because of their high density,tapdl.5 to

2.0 times the density of water, debris flows haveay destructive
force and can remove large boulders and housestfreimpath.

Several tropical cities, such as Riode Janeriro ahahg

Kong, are at risk from both landslips have beenoesde d

with property development involving earth cuts|sfibnd retaining
walls during major rainstorms in the summer months.1966,

landslides produced in excess of 300,000m3 of delmi the

stress of Rio and more than 1,000 people died wheny

over-steepened for building construction, failecheOyear later,
further storms hit Brazil and mudflows caused ahferr 1,700 deaths
and the disruption of the power supply to Rio.

In February 1988 more debris flows in Rio de Jaoeir
claimed at least 200 lives and made 20,000 peapieetess. Most
of the victims were living in unplanned squattettlsenents erected on
deforested hillsides. Such period in January 188&)e 500-600 mm of
rain fell in the San Francisco Bay area and ddlmvgs killed twenty-
six people, ten of whole died in a block glide ident in
Sanata Cruz County.

In most cases the flows followed stream course bedan as
flow-sides before turning into fluidized massed thare able to attain
velocities of 10ms. The flows occurred at night andst victims

died in the homes, indicating the need for effectewacuated as
well as better planning controls.
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40 CONCLUSION

Environmental hazards have continued to challemge existence of
humanity and especially the need to enjoy a comibbetlife. In this unit
we have discussed in details on landslides thestypauses, rock fall
and debris flow. It is important for you to accepis environmental
hazard as a natural challenge to human survivak firovoking our
intellectual capacity and skill to control naturer fthe benefit and
survival of the human race.

Landslides, rock fall and debris flow will continteetake place as long as
humans exist on earth. The challenge is to cheelektessiveness of t
his environmental problem especially through tetbo that will be
environmentally sustainable.

5.0 SUMMARY

In a nut shell what we have discussed in this inthat down slope
movement of large volumes of surface materials urgtavitational
influences is an important environmental hazardmmon in

mountainous terrain. Rapid movements cause mostdbshe life and
damage; including human-induced land subsidencee hess potential
to kill but can be costly. Depending on the dormardterial, these
movements tend to be grouped into landslides (rasid

soil) or avalanches (snow and ice).

There can be few countries where mass movementgsisEs
do not exist, and the landslide risk is increaswvagyldwide as land
hunger forces new development on to unstable sldpass movements
also add considerably to the wide range of hazd@sd in
mountainous areas throughout the world.

We also learnt that, during the early 1970s, amages of nearly 600
people per year were killed by slope failures waevride but,
twenty years later, the figure ranked into seviralisand.

Five types of landslide terrain were mentionechis unit;

o Areas subject to seismic shaking.

Mountainous environment with high relative relief.
Area of moderate relied suffering severe land diggran.
Areas covered with thick sheets of loss.

Areas with high rainfall inputs.

Recall that the strength of the material in a ldi#s is the
maximum resistance to shear stress and depends on:
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° Internal cohesion
o Internal friction

In turn, these factors will depend on

o the weight or loading on the slope
the moisture conditionals

the weight of material in the block
the angle paralleled to the slope
the driving force or shear.

There are two main types of landslide:

° Rotational slides
° Translational slides
Causes of landslides are;
o An increase in slope angle
o Removal of lateral support at the foot of a slope.

o Additional weight placed on the slope by the dungpii waste
or house construction.

o Removal of vegetation by wildfires or through hunsativities
such as logging, overgrazing or construction.
o Local shocks and vibrations

6.0 TUTOR-MARKED ASSIGNMENT
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1.0 INTRODUCTION

Welcome to the ninth unit of this course. Our dgssan will be centred
on Snow and how the fall affects humans and tharemwent in

general. We are aware that most of us in Nigeriehae ver had a
firsthand experience of what we are about to dsaughis unit. But it
may be appropriate to say that most of us are ashsmow at least
through motion pictures.

20 OBJECTIVES

At the end of this unit you should be able to;

o List three elements that the path of a snow avakhallows
o Discuss on three types of snow avalanche motion.

3.0 MAINCONTENT

Just as it is with slope failures in rock and sailsnow avalanche
results from an unequal contest between stresssarghgth on
an incline. The strength of the snowpack is relatedits
density and temperature. Compared to other solsdsw layer
has the unique ability to sustain large densitynges.

Thus, a layer deposited with an original densityl00kg m-3 may
density to 400 km m-3 during the course of a wintargely due to the
weight of overlying snow, pressure melting and therystallisation of
the ice. On the other hand, the shear strengthedses as the
temperature approaches 00C. As the temperature fiseher and
liquid melt water exists in the pack, the movemaritthe
snow blanket grows.
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Snow avalanches are a special type of mass movement
They are common features of mountainous terraimughout
arctic and temperate regions wherever snow is dapdson
slopes steeper than about 200. The USA alone serfac
10,000 potentially damaging avalanches per yeathoalgh
with only about 1 per cent harm on humans or ptgpén the past,
most casualties were suffered either by travelpassing through the
mountains or by miners located in permanent, buatdwsited, mining
settlements.

The Andean countries are notable for avalanchesteel
mining disasters. The worst avalanches disastethien USA
occurred in 1910 in the Cascade Range of Washingidren
three snowbound trains were swept into a canyonhwhe
loss of 118 lives.

Historically, the avalanche problem has always beeme severe in
Europe than North America because the populationsdy is

higher in Europe than North America because theuladion

density is higher in the Alps than in the Rockies.

Switzerland has a relatively large number of avetl@deaths amounting
to some 20-30 fatalities per year.

Snow avalanche problems have risen in recent decddhs is mainly
due to the greater use of alpine areas for windéereation and the
associated development of ski centres and othaddyokesorts. For
example , the town of Vail, Colorado, located at alevation of
2,500 m. was founded as a resort community onlyl962.
The construction of alpine facilities often requdréhe removal
of tumble from the surrounding slopes. If left intathe trees
would help to stabilize the snow cover and protélcé new
roads, railways and power lines which are invadnesge areas.

Avalanche problems in the Rockies beset the Canadia
Pacific Railway and the Trans-Canada Highway togetith
sections of US Highway 2. The Trans-Canada Highelaye crosses
nearly 100 avalanche tracks in the 145 km sectewéen Golden and
Revel stoke in the vicinity of Roget s Pass andhas been
estimated that at least one motor vehicle is urderajor avalanche
path at any given time.

Studies have shown that annual avalanche deathsbéad on the

increase in the United States since the early 1%b@shere is some
evidence that, in the winter sports area of NortmeYica and
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Europe, the annual loss of life may have reachpédak in the
mid-1980s (Smith, 1991).

Most snow loading on slopes occurs slowly. Thisegithe pack some
opportunity to adjust by internal deformation besauof its
plastic nature, without any damaging failure takiplgce. The
most important triggers of pack failure tend tohmavy snowfall.
For a hazardous snowpack failure to occur there tmis
sufficiently steep to allow the snow to slide.

Avalanche frequency is thus related to slope angleh most
events occurring on intermediate slope gradientsdefween
300-150. Angles below 200 are generally too low farlure

to occur and most slopes above 600 rarely accursulat
sufficient snow to pose a major hazard. Most avahsas start
at fracture points in the snow blanker where theésehigh
tensile stress, such as a break of ground slopanabver-
hanging cornice or where the snow fails to bondatwther
surface, such as a rock outcrop.

3.1 Snow Avalanche Path

Whatever their individual characteristics, all aralhes follow an
avalanche path which comprises three elements;

o the starting zone where the snow initially breaksya
o the track or path followed and
o the run out zone where the snow decelerates apd.sto

Science avalanches tend to recur at the same thieethireat from future
events can often be detected from the recognitibprevious
avalanche paths in the landscape. Clues in thaterinclude
breaks of slope and eroded channels on the hilkidad
evidence from damaged vegetation. In heavily foedst
mountains, avalanche paths can be identified byageeand species of
trees and by sharp trim-lines separating the maturdisturbed forest
from cleared slope.

Once the hazard is recognized, a wide range ohpatedjustments is

available, some of which a re shared with landstialezard mitigation.

In practice, avalanches result from two quite dcdtitypes of pack

failure:

1. loose snow avalanches occur in cohesion less snow
where inter-granular bonding is very weak, thus
producing behaviour rather like dry sand.
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3.2

Failure begins near the snow surface when a smadluat of
snow, usually less than 1 m3, slips out of place starts to
move down the slope. The sliding snow spreads ¢olyme an
elongate d, inverted V-shaped scar.

Slab avalanches occur where a strongly cohesiverlay
snow breaks away from a weaker underlying layer, to
leave a sharp fracture line or crown. Rain or high
temperatures, followed by refreezing, can create-ic
crusts which may well provide a source of instalyili
when buried by underlying topography produces some
upward deformation of the snow surface which leaads
high tensile stress and the creation of associaserfiace
cracking of the slab layer. The initial slab whibheaks
away may be up to 10,000 m2 in area and up to 1ihm
thickness. Such large slabs release considerableuram of
energy and represent the most dangerous type Eredkee (Perla
and Martinelli, (1976). When a slab breaks loosenay bring
down as mush 100 times the initially released arhadirsnow
which is then deposed in a rather chaotic heap.

Character of Snow Avalanche Motion

The character of avalanche motion also dependshentype
of snow and the terrain. Most avalanches start vaitgliding
motion but then rapidly accelerate on slopes grehta 300.

It is common to recognize three types of a valambaon.

1.

Power avalanches are the most hazardous are formed of an
aerosol of fine, diffused snow behaving like a body of dense gas.
They flow in deep channels and are not influencedldstacles in
their path. The speed of a powder avalanche is @xprately
equal to the prevailing wind speed but, being ofcimu
greater density than air, the avalanche is mucherdestructive
than wind storms. At the leading edge its typicaksed is
20-70 m s-1 and victims die by inhaling snow
particles.

Dry flowing avalanches are formed of dry snow travelling over
steep or irregular terrain with particles ranging in sizeorfr
power grains to blocks of up to 0.2 m diameter. Jée
avalanches follow well-defined surface channelsshsas
gullies, but are not greatly influenced by terrain
irregularities. Typical speeds at the leading edgage
from 15 60 m s-1 but can reach speeds up to 120 s-1
whilst descending through free air.

Wet-flower, avalanches occur mainly in the spring
season and are composed wet snow formed either of
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rounded particles (from 0.1 m to several meters in
diameter) or a mass of sludge. Wet snow tends dw fin
stream channels and is easily deflected by smalaie
irregularities. Flowing wet snow has a high meamggy
(300-400 kg m-1 compared to 50-150 kg m-3 for dry
flows) and can achieve considerable erosion dfdisk, despite
reaching speeds of only 5-30 m s-1.

Snow avalanche movements translate into extremeigh h
external loadings on structures. Using reasonabtemates for
speed and density, it can be shown that maximumedir
iImpact pressures should be in the range of 5-5@t afthough
some pressures have been known to exceed 100 t m2
(Smith,1991).

Table 9.1 provides a guide to the relationships ahhexist

between avalanche impact pressures and the danmageah-

made structures. In addition to the direct impaeglanches may
exert upward and downward forces some of which teeen known to
lift large locomotives, road graders and buildings.

The Galtur disasters in Austria, which occurredFebruary 1999,
were the worst in the European Alps for thirty ysaand

illustrated many of the features of massive powale&lanches.
In this event, thirty-one people were killed andesemodern buildings
were demolished in a winter sports village previgubought to be
located safely at least 200 m from the largestamaie run out tracks.

However, a series of major storms earlier in thetes deposited
nearly 4 m of snow in the starting zone. This pasly unrecorded
depth was further increase d in places by snow seduted over
the upper slopes by strong winds. By the time thghést
level of avalanche warnings were issued, the snoasamin the
starting zone had grown to approximately 170.00thés. During its
track down the mountain, at an estimated speedadresl of 80 m s-1,
the avalanche picked up sufficient additional sntiwdouble the
original mass. By the time it reached the villageetleading
powder wave was over 100 m high and had sufficiemdrgy
to cross the valley floor and reach the villagehvdéestructive force.
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Table 9.1 Relationships between impact pressure and the potential
damage from snow avalanches

Impact (tones mz |[Potential damag

0.1 Break window

0.5 Push in dooi

3.C Destroy woo-frame house

10.0 Uproot mature trees

100.( Move reinforced concrete structu

40 CONCLUSION

Snow avalanche are common in temperate countridsttaay are the
result of an unequal contest between stress aadgskr on an incline.
This natural hazard has continued to result in® lttss of life and
properties especially in Europe and North Ameridauses and other
important facilities are not expected to be builttbe snow avalanche
path to avoid loss of life and properties.

5.0 SUMMARY

In this unit we have learnt that, snow avalanchesaaspecial type of
mass movement. They are common features of mownisiterrain
throughout arctic and temperate regions wherevewsds deposited on
slopes steeper than about 200. The USA alone surfad0,000
potentially damaging avalanches per year, although only about 1
per cent harm on humans or property.

We also mention that whatever their individual cheteristics,
all avalanches follow an avalanche path which casepr three
elements;

° the starting zone where the snow initially breakay
o the track or path followed and
o the run out zone where the snow decelerates apd.sto

Finally we stressed that it is common to recognitheee
types of avalanche motion they are;

o Power avalanches are the most hazardous are fooheth
aerosol of fine , diffused snow behaving like ayotidense gas.
o Dry flowing avalanches are formed of dry snow tikwg over

steep or irregular terrain with particles ranging size from
power grains to blocks of up to 0.2 m diameter.

° Wet-flower, avalanches occur mainly in the sprieg@son and
are compose d wet snow formed either of roundeticies (from
0.1 m to several meters in diameter) or a mastudys.
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6.0 TUTOR MARKED ASSIGNMENT

1. Outline three possible ways that the path sh@ew avalanche is
likely to follow.

2a  Discuss on three types of snow avalanche motion.

2b  Mention the most hazardous of the three types ofvsmotion
discussed above

2c  Give two reasons why you consider it as the mogatius
relative to the others.
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1.0 INTRODUCTION

This is the last unit in this course. Our concerrhis unit is to discuss
on another environmental hazard- acid rain. Acithreay be
regarded as the most dangerous of all airbornetpolis.

Am sure most of our families and friends in the Hrgdealt
can testify to this statement based on their egpes.

Unlike smog, it is invisible; unlike chlorofluorodaons (CFCs) the
damage is not in the upper reaches of the atmospbet right here on
earth. Acid rain serves as perhaps the best exangilenow
pollution is formed and how it causes global enwinental
damage, as well as trans-boundary strife.

This unit explores the causes, effects and someaigyeventing acid
rain.

20 OBJECTIVES

After completing this unit you should be able to:

o Discuss on the cause of acid rain.

o Outline three common gases that have potentiahaiiding acid
rain.

o Describe the effects of acid rain on living and +higimg
components of the environment.

o Identify cities in Nigeria where acid rain couldgstble occur.

o Outline ways of ameliorating the problem of acithra
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° Carry out an investigation to determine the acitbixel of water
in your neighbourhood.

3.0 MAIN CONTENT

There is a residual debate over the effects of r@ind its origins are now
certain;

e  Sulphur (IV) oxide and

e Nitrogen oxides are the chief contaminants.

Seventy percent of the sulphur (IV) oxide in theigiemitted by coal-

fired power plants, which annually pump 200 millimnes of the gas
out of their tall stacks into the atmosphere. Tdiestacks used by power
plants just send the chemicals high into the skyer& stronger are big
contributors as are garbage incinerators.

Nearly half of the nitrogen oxide pollution comesoin the
growing fleet of automobiles worldwide. (It is alsa
residue of the emissions of coal and other fossl-burning
power plants).

The increase d focus on alternative fuels-like
e methanol and
e natural gas-

is aimed at reducing nitrogen oxides role in bottog and acid rain. But
nitrogen oxides do not pollute just the air.

Deposits of nitrogen oxides are one of the keyuypalits stimulating
algal growth in some rivers and seas. This prolatesn of
algae has become so extensive in recent years ifiat

e Kkilling fish
e killing shellfish, and
e rapidly accelerating the ageing of the water badies

Natural causes include

forest fires

volcanic eruptions

bacterial decomposition and
lighting.

These natural causes pump an additional 75 to 100om
tonnes of nitrogen oxides into the air each year.
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But acid rain s major contributors are still humaade: a large
coal-fired plant can emit in a single year as msalphur (V) oxide
as is blown out in a volcanic eruption!

Part of the problem in studying air pollutantshattthey are difficult to
visualize.

If one were to stare at the stacks of a local etecompany power plant
all day, or watch the cars tailpipe for several houa single
particle of sulphur (1V) or nitrogen oxide wouldtrime see n.
Although they are invisible, these particles howevare
above the city or industrial plant that spawned niheand
crease clouds that settle locally. Most, however aent
spiralling high into the atmosphere; their fightmgdast days and take
them thousands of kilometres away (Akpan, 2000).

EXERCISE 10.1

Which Nigerian cities would you expect to produeghhquantities of
sulphur (IV) oxide and nitrogen oxides? Give reastor your answer.
En route, the pollutant molecules interact with Iggimt, moisture,
oxidants and catalysts, to change into new, aci®tacompounds
of sulphur and nitrogen. After travelling considela distances,
the now highly acidic chemical return to earth re tfor m of rain
or snow, fog, frost, or dew-sometimes they can aont30 times
more acid than normal.

It can;

e damage vegetation

e damage wildlife

e ruin painted finishes on cars and homes, and
e tarnish buildings.

Tracing acid rain back to its source is difficulthich is one
reason for government s reluctance to respond éopttoblem.
No doubt all air pollutants have a negative impaeh
wildlife; it is contended that ozone create d by @xhaust is
more damaging to forests and trees than acid rain.

Sceptics (especially industries not eager to malegd
financial investments in cleaner technologies) grefo blame
drought, disease, and insects for the recent dmi@stof lakes and
forests.

Unfortunately, the destruction is often evidentyoafter the damage is
extensive and before a specific chemical can becaied. But
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After decades of study, scientists are convincedt tcid rain
is high on the list of man-made chemical combimetidevastating
the world s ecosystem.

3.1 Effectsof Acid Rain

The effects of acid rain are diverse. Some of ffexts are;

o Lakes and streams are no longer able to sustairy kiads of
aquatic life
o Under continual acid precipitation, a lake gradyadises its

buffering capacity against acidity, pH value of its
waters begins to drop, and its ecosystems are

threatened

o Spawning waters are threatened

o Acid-heavy water leaches important plant nutrieot$ of the
ground

o Activities of heavy metals such as cadmium and merc
contaminate water supplies

o Status and tables made of bronze, limestone, magdnid
sandstone are slowly wearing away

o The multi-trillion naira global timber industry hdmen hurt by

weakened forests and both commercial and recredtitshing
businesses have bee n affected

o Mountain forest- those closest to the acidic clouasst
illustrate the long-term effects of acid rain; grdwis
stunted, leaves and needles drop inexplicably lefrai
species die

o Sulphur (IV) oxide and nitrogen oxide emissions édween
linked to increases in occurrence of asthma, hdigdase, and
lung disease, primarily among children and thergtde

o It is estimated that about N4, 000 billion is speamnually
worldwide on illnesses directly related to air pathn.

The Ph scale measures how many hydrogen ions ara in
substance. The more hydrogen ions, the lower thevpHie
corresponds to a tenfold increase in acidity. Aeaith has a pH
of less 5 the first signs of acid rain s long-raegological
damage appeared in Scandinavian lakes during tl&®s19ish
population were dwindling, and in some lakes dissgrpng entirely.
Similar evidence of devastation continued to grawmw@ally. But

it was not until the early 1980s that scientistalise that the acid
rains-as well as ozone and other human- made poltatwere
beginning to kill off the upper reaches of forests.
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A word has been created to describe the devastation
Waldsterben, or forest death. The effect of potlaton trees has
been compared to human physical exhaustion- theg ar
weakened and more sussed. Thus scientists feekhthgbllution
does not Kkill trees directly, but rather weakenntht the point
where they are no longer able to withstand normadiqds of
moderate drought, insect infestation or disease.

Scientists working in western Africa have discodestarmingly high
rates of acidity in rains over some parts of thggare, caused by human-
made fires that rage for months across thousandkil@etres of
savannahs.

For years, farmers and herdsmen have set firedetr shrubs and
stimulate the growth of crops and grass.

Now, added to already slightly polluted skies, semdkom those
fires has raise d the level of acidity in soil aradn water. While
scientists and governments ponder this ne w soafgeollution-
and ways of dealing with it-the first, burn on!

3.2 Prevention of Acid Rain

lttadpoles should begin be you die noted that daémpiH7- compounds naturally
present in lakes, streams, and watersheds carehsiuécids, often for many
neutralizers are depleted will a lake begin to ggears. Only when
those acidity. Similarly, forest destruction caketgears to surface.

Ph8- Scientists have learned that visible symptomhsforest
destruction become water obvious only after dansgesll underway
and in some cases Lakes can rebuild themselvesmmaedrops. But the
recovery of a lake depends on the extent of damHgsufficiently
weakened, the lake s natural recover y mechanisonaswhelmed by
increasing amounts of acid and other pollutants.

baking The soda latency period pH@tween acid rain pollution and the
manifestation of its consequences has provided@nating case study
of the relationship between environmental scienog @nvironmental
policy. As evidence mounts against acid milk raiallygion, the
following ways are being suggested for its control:
o Liming: This involves the addition of acid neuteafig lime to
the lakes. It offers a very to stave off permarterin until there
IS a solution. It can also restore the health okela and
streams where life has already been destroyed by
acidification, though it works best and is leastsity in
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small water systems. Yet while inexpensive, limmegiains a
stop-gap effort, not a solution.

o Washing: The most promising technology, one whiohl and
utility industry representative are watching ansigy is the
washing of sulphur from high sulphur coal. If it tke as well as
experiments suggest, it could allow coal-burningecélic
utilities to cut air pollution linked to acid raimvithout
installing costly scrubbers. Instead of filteringlghur (1V)
oxide from smokestacks, the process removes thenpat
for pollution before the coal is burned. Tests sgjghat 90
percent or more of all sulphur could be remove dsogh
washings.

o Use of low-sulphur fuels: This is one of the goveemt
initiatives which are pointed in new directions @and the globe.
Many countries have issued stringent sulphur fudig. Nigerian
crude oil has been of very great value becausts ¢dw sulphur
content.

EXERCISE 10.2

Make a list of other countries producing low-sulppetroleum. But the
fact that acid rain recognizes no boundaries resnaistumbling block to
solutions. For every acid raindrops saved in onenty through
tough government laws, two more may be created nother
country where laws are lax. Thus solutions mushbmmered out
simultaneously in every nation if the problem is lie resolved.
Acid rain does not carry a passport its ignorancbarderlines has
governments have roles to play in the control ofl aain.

3.2.1 Individuals Efforts Towards Control of Acid Rain
Individuals can help by;

o using fossil fuels more wisely

o Car pools and mass transit help; so do fuel-efiiciears and
trucks

o Using smart, efficient appliances at home and vialps, as well

as turning off lights and appliances when not i@.us

o Acid rain is a pollution that industry needs to eedd, but that
individuals need to help keep in the public eye.

o One simple way to draw attention to the problembis
monitoring the acid levels in the rainfall in yowwn
backyard. The tools required for at-home testing ar
simple, and thought the results may not stand u@ stientific
laboratory; they should give an indication of wlegtbr not there
are high levels of acid in your community s raihfal
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EXERCISE 10.3

A simple pH test on pond or stream water can be conducted by
using pH (litmus) paper, which is available at some stores. Take the
following steps;

o Use a clean glass jar or container to collect thatew
sample; collect the water from the middle of thengoor
mid-depth in a stream to get a representative sampl

o Dip a piece of pH paper into the sample

o Immediately compare the colour of the wet pH pafeerthe
colour chart that is provided with pH paper to detiee the
approximate pH value.

3.2.2 Government Actionstowards control of Acid Rain

Companies that re duce the amount of emissiongibatihg to acid
rain should be given incentives. Laws to reducegén oxide emissions
from cars should be toughened. Scrubbers shouldnbadatory
on all coal- and oil-burning power plants and orekers.

EXERCISE 10.4

Base on your experience and skills in the previexercise; carry out
similar tests with samples of water from severatdtties in
the country. Are there any discernible trends? Centnaritically
on your results.

40 CONCLUSION

In this last Unit, you have learnt the causes, @ffeand ways of
controlling acid rain. Though the phenomenon is mgoave in
Nigeria, aside from some spots in the Niger-Deéftawever it is still
a matter for concern for environmentalists and éuethe people of
Nigeria.

The world s 500 million cars (as at year 2000) amaong

the main culprits contributing to the growing pretol of acid rain.
Each year, automobiles and the thousands of aigtproducing

utilities around the globe pump over a hundrediamltonnes of acidic
particles into the atmosphere.

Nearly invisible, the dust-like particles of sulph(lV) oxide from
power plants and nitrogen oxides from car exhausinbine
with the water vapour in the sky to form acid-ladéwuds. These
new compounds can travel hundreds of kilometergghtthe air-across
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national boundaries before returning to Earth ire tform of
dangerously acidic fog, dew snow, and rain.

While acid rain may look harmless, it is not. Ihatestroy lakes, forests,
and ruin the health of humans. Absorbed by the,saclid rain
dissolves nutrients necessary for plants and tteegrow. Acid
rain dissolved harmful metals from the soil at lake river bottoms
and excess acidity will encourage algae growthhbot which will
harm aquatic life and their systems. Acid rain adao affect
our drinking water.

When acid rain finds its way into reservoirs or geg into
groundwater, it can eventually pollute the watet ttomes from the
kitchen tap. This polluted water can also corrodenpbing. Toxic
metals are then dissolve d into the water we dramkd bathe
in. Acid rain contributes to lung cancer and there
mounting evidence of links to respiratory illnessgsch as
asthma, especially in children.

The only real solution is reducing our reliance dhe
sources of acid rain. Non-pollution, alternativenis of energy
may be best hope.

50 SUMMARY

Sulphur (IV) oxide and nitrogen oxides are the dhie
contaminants. Seventy percent of the sulphur (Kgl®@in the air is
emitted by coal-fired power plants, which annuaglymp 200 million
tonnes of the gas out of their tall stacks into @tmosphere. But acid
rain s major contributors are still human-madeargée coal-fired plant
can emit in a single year as much sulphur (1V) exad is blown out in a
volcanic eruption!

Part of the problem in studying air pollutantshattthey are difficult to
visualize.

If one were to stare at the stacks of a local etecompany power plant
all day, or watch the cars tailpipe for several houa single
particle of sulphur (1V) or nitrogen oxide would nbe seen.
Although they are invisible, these particles howdrove the
city or industrial plant that spawned them, and ase
clouds that settle locally. Most, however, are ssptralling

high into the atmosphere; their fight many lastdapd take them
thousands of kilometres away.
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The effects of acid rain are diverse. Some of ffects are

o Lakes and streams are no longer able to sustairy kiads of
aquatic life
o Under continual acid precipitation, a lake gradyadises its

buffering capacity against acidity, pH value of its
waters begins to drop, and its ecosystems aretémead

o Spawning waters are threatened

o Acid-heavy water leaches important plant nutrieots$ of the
ground

o Activities of heavy me tals such as cadmium and auer
contaminate water supplies

o Status and tables made of bronze, limestone, may dnd

sandstone are slowly wearing away

o The multi-trillion naira global timber industry hdseen hurt by
weakened forests and both commercial and recretishing
businesses have bee n affected

o Mountain forest- those closest to the acidic clouasst
illustrate the long-term effects of acid rain; grdwis
stunted, leaves and needles drop inexplicably lefrai
species die

o Sulphur (IV) oxide and nitrogen oxide emissions édween
linked to increases in occurrence of asthma, hdiggase, and
lung disease, primarily among children and thergtde

o It is estimated that about N4, 000 billion is spemnually
worldwide on illnesses directly related to air pathn.

Strategies for controlling acid rain include;

o Liming
o Washing
o Use of low-sulphur fuels

But importantly individuals can help by

o using fossil fuels more wisely

o Car pools and mass transit help; so do fuel-efiiciears a nd
trucks

o Using smart, efficient appliances at home and viredps, as well

as turning off lights and appliances when not i@.us

o Acid rain is a pollution that industry nee ds tadesbs, but that
individuals need to help keep in the public eye.

o One simple way to draw attention to the problembis
monitoring the acid levels in the rainfall in youwwn
backyard. The tools required for at-home testing ar
simple, and thought the results may not stand upain
scientific laboratory; they should give an indiocati of
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whether or not there are high levels of acid inryoommunity s
rainfall.

6.0 TUTOR MARKED ASSIGNMENT

1. List four common gases that have the potentialaosmg to acid
rain.

2. With the aid of your Atlas identify five locatiorie the Niger-
Delta that is currently experiencing acid rain.
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