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INTRODUCTION

Applied Climatology is the scientific analysis of climatic data in the
light of a useful application for an operationalpase. “Operational” is
interpreted as any specialised endeavour withirh sas industrial,
manufacturing, agricultural, or technological putsylLandsberg and
Jacobs, 1951). This is the general term for alhswork and includes
agricultural  climatology, aviation climatology, lgiamatology,
industrial climatology, and others.

Applied climatology examines the effects of climab@ physical,

biological and cultural environments. Specialistntcibutors from

Europe, North America and Australasia examine thgaicts of

changing climates on the functioning and develognmanphysical,

biological environments including glaciers, watesaurces, landforms,
soils, vegetation and animals. For instance, weaihd climate affect
day-to-day activities and lifestyles from the ckdhwe wear to the
buildings we design, and the food and energy wdywe.

This course focuses on the relationship betweamaté and a wide
range of human activities and responses relatingetdth and comfort,
building design, transport systems, agriculture fstteries, tourism and
social, industrial and legal issues. Climate-anvinent relationships
and impacts on human activities are predicted amgh dramatically if
global warming accelerates at the rates curremtpgsed by scholars.

Applied climatology has been the foundation uponciwhhe world's
weather-sensitive activities and infrastructure ehdbeen developed.
Applications of climate data and information haveely contributed
more to the development of most nations than ahgrdunction of the
atmospheric sciences. The recent development ofuluseeather
forecasts has been important, but these develogméate not
overshadowed a parallel recent progress in appdiedatology. A
variety of scientific and technological advancesupled with a
changing society, have led applied climatology itgagolden era.

COURSE AIM

The main aim of this course is to advance our wtdeding of the
relationship between climate and human activities.
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COURSE OBJECTIVES

To achieve the stated aim above, this course setxhieve certain
specific objectives. Therefore, at the completibthes course, students
should be able to:

. explain how climate change can affect us

. discuss the relationship between climate and huswanities

. describe the impacts of climate on human activities

. list some environmental hazards, their causesctsffand how

they can be mitigated
WORKING THROUGH THE COURSE

The course on applied climatology would requird gt spend a lot of
time to read and understand it. The content of itagerial is quite
detailed and that is the more reason you mustdirality time to study
it very well. Indeed, efforts have been made &akrdown the material
into units that you will find readable and compne$ible. The latter
notwithstanding, you will still need to put in & laf effort to understand
the technicalities involved. You are thereforgi@aesly advised to make
sure you attend the tutorial sessions where yourghrminds together
with your colleagues and even compare notes.

COURSE MATERIALS

In order to understand this course with little s$teyou will be provided
with the following materials.

° Course Guide and
o Study Units.

In addition, a list of recommended textbooks isegivn a section of this
Course Guide. Although they are not compulsoryyou to acquire
them or even read, they are necessary as suppkerterithe course
material. Indeed, your reading some of them mase giou a better
understanding and make you tower above your peers.
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STUDY UNITS

It is now necessary to give you the details of shely units that you
will have to go through in this course.

Module 1

Unit 1 Climate and Agriculture

Unit 2 Climate and Industry

Unit 3 Climate and Aviation

Unit 4 Application of Climate in Building and Hum&ettlement
Unit 5 Climate and Human Affairs

Module 2

Unit 1 Weather Modification and their Implications
Unit 2 Acid Rain

Unit 3 Drought

Unit 4 Flood

Unit 5 Econo-climate

Module 1 focuses on the relationship between cknaaid a wide range
of human activities and responses relating to atjure, health and
comfort, building design, transport systems, ecanpnsocial and
industrial issues. Climate-environment relationshignd impacts on
human activities are predicted to change dramatidaglobal warming
accelerates at the rates currently proposed. #sgiou a brief idea of
what you are expected to know as you read thismaatét is essential
for you to know the significance of climate in aday-to-day life and
define how it affects various aspects of our life.

The units provide the vocabulary for describingmeltic events,
consequences and human responses, a common frakniwdinking
climate and societal impacts. These events impacexposed social
area or activity units of human leading to ordelemphysical, social or
ecological consequences.

The first unit of this study material introducesudd#nts to the
relationship between climate and agriculture. Inegal, climatology as
applied to the effect of climate on crops. It udgs especially the
length of the growing season, the relation of glovette and crop yields
to the various climatic factors and hence the ogitimnd limiting

climates for any given crop, the value of irrigaticand the effect of
climatic and weather conditions on the developnaertt spread of crop
diseases. This unit is primarily concerned with pace occupied by

Vi
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crops, namely, the soil and the layer of air uphtotops of the plants, in
which conditions are governed largely by the mitiroate.

The second unit considers the relationship betveéisrate and aviation.
This unit discusses the application of the data #&whniques of
climatology to aviation meteorological problems. dAthe third units
consider theindustrial climatology—A type of applied climatology
that studies the effect of climate and weatherrmlustry’s operations.
The goal is to provide industry with a sound stetad basis for all
administrative and operational decisions that ime@ weather factor. In
unit 4, you will learn about climate and human lsetent. Unit 5
discusses how climate can affect human settlemeivariety of ways.
Some of the impacts will be direct, others willibdirect.

Module 2 discusses human influence on the weathdr altimately
climate which can be intentional amintentional It also tells the
students about the simple processes of weatherficadthn and their
implication. Unit 2 of this module will discuss tkemplex processes of
acid rain and its implications. Geographic disttibn and its potential
problem areas in the future are also taken int@idanation in this unit.
Unit 3 will be concerned with drought, its caused affects; and how it
can be mitigated.

Unit 4 tells you about floods, causes, types, (pryn secondary and
tertiary) and effects of floods. Trends in floodgpact and how it can be
mitigated are highlighted of this unit. Applicatiasf econo-climatic
models in assessing the economic impacts of weatitclimate are the
focus of unit 5.

TEXTBOOKSAND REFERENCES
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Ayoade, J.O. (1993)Applied Climatology Ibadan: University of
Ibadan.

Ayoade, J.O. (2004)Introduction to Climatology for the Tropics
Ibadan: Spectrum books limited.

Bryson, R. A., Lamb, H. H., and Donley, D. L. (197Brought and the
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Carpenter, R. (1968Discontinuity in Greek Civilization New York:
W. W. Norton.
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for Rivers, pp. 555-562. Urbana, IL: Internation®ater
Resources Association. Pp 931.

ASSESSMENTS

There are two components of assessment for thisseouThere is the
Tutor-Marked Assignment (TMA) while the course exaation at the
end of the course is the second and final one.

TUTOR-MARKED ASSIGNMENT

The TMA is the continuous assessment componenbwf gourse. You
need to know that it accounts for 30% of the tetaire. Normally, you
will be given 3 TMAs to answer. You must attemjptoh them before
you sit for the end of course examination. The TdMx¥ould be given to
you by your facilitator and returned to you afteey have been graded.

END OF COURSE EXAMINATION

The course is concluded by the time you write timel ®f course
examination. It constitutes 70% of the whole ceursYou will be
informed of the time the examination will take macNote that it may
or may not coincide with the university semestarxation.

SUMMARY

This course intends to provide you with some bdsiowledge of
applied climatology and its impact on human aassit By the time you
complete the study of this course, you should He &b satisfactorily
answer the following questions:

. Appraise the influence of climatic conditions on inaal
husbandry.

. In what ways is the knowledge of weather and clematportant
in agricultural planning and development?

o In what ways can weather and climate hinder or ptenthe
industrial development of an area?

. Using specific examples assess the impact of weathalitions

on both manufacturing and service industries.
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. With reference to specific example(s), explain hbtwe factor of
climate can influence the location, growth and dewaent of
human settlements.

. Discuss the three major types of engineering problén the
building industry that are intimately linked torolate.

. Assess the impact of weather conditions on airspartation in
Nigeria.

o Discuss the view that the main peril of weather dgration in
West Africa is ‘poor visibility’.

. What will you suggest as way forward for the awatindustry in
the light of changing weather and climate?

. What is econo-climate and how relevant is it in enstanding
man-climate relations?

) Discuss the basis, principles and applications agine-climatic
models.

o Weather modification by man has a lot of seriouplications.
Elucidate.

) Discuss the problems and prospects of purposefuithee
modification.

. Attempt a reasoned definition of acid rain. Disctiescauses and
effects of acid rain.

o Write an essay on the processes and geographstabdtion of
acid rain. In what ways can acid rain be prevented?

. Define Drought? Identify the major causes and thegation
option of drought.

o What are the correlations between climate and drbug the
northern Nigeria?

. Examine the impact of climatic variations on mand anis
activities.

o Discuss the view that climate is an important deiteant of

human affairs.
| wish you success in this course. In particuldmpe you will be able to
appreciate the importance of Applied Climatologyouar day to day
activities and in human affairs.

Hope you will enjoy the course

Best wishes.

Xi
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MODULE 1

Unit 1 Climate and Agriculture

Unit 2 Climate and Industry

Unit 3 Climate and Aviation

Unit 4 Application of Climate in Building and Hum&ettlement
Unit 5 Climate and Human Affairs

UNIT 1 CLIMATE AND AGRICULTURE
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Climate-Crop Relations
3.1.1 Solar Radiation
3.1.2 Temperature
3.1.3 Moisture
3.1.4 Wind
3.2  Weather Hazards to Agriculture
3.2.1 Frost
3.2.2 Drought
3.2.3 Hailstones
3.2.4 High Wind
3.3  Weather Aspects of Crop Pests and Diseases
3.4  Climate and Animal Husbandry
3.5 Climate and Agricultural Development Planning
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Agriculture is perhaps the most weather-sensitivallanan’s economic
activities (Ayoade, 1993). Climate determines whetbr not rain-fed
agriculture will be possible as well as the typecobps that can be
successfully cultivated in a given area. In falitstages of agricultural
production from land clearing and sowing througlepcigrowth and
management to harvesting, storage, transportatimh raarketing of
agricultural products are subject to the prevailimfuence of climate.
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20 OBJECTIVES

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

o discuss the relationship between climate and alguieu
. describe the impact of climate on agriculture
. explain the relationship between climate and agucal

development planning.
3.0 MAINCONTENT
3.1 Climate-Crop Relations

An agricultural system is in fact a man-made ecdesysvhich depends
on climate to function like the natural ecosystéfhe main climatic
elements that affect crop production are the sasnth@se influencing
natural vegetation. These include: solar radiatiemperature, moisture,
wind, among others. They all largely determineglabal distribution of
crops and livestock as well as crop yield and twels productivity
within a given climatic zone. All crops have tha&ptimal climatic
requirements for their optimal growth and a range olimatic
requirements outside which they cannot be sucdbssgitown. In other
words, they have their climatic limits for econorpioduction. As such,
it will therefore not be economically viable to gra crop outside its
climatic limits. However, to an extent, man caneext these limits via
plant breeding and selection and by cultivationhods in respect of
crops and by animal breeding and improved animsbandry in respect
of livestock.

In discussing some of the ways in which major ctimalements
influence crop growth and yield, it is importantémphasizdirst that,
climatic variables are closely interrelated in thefluence of crops. The
effect of a given climatic variable is modified the others. Theecond
point is that in considering the climatic enviromhen which crops
grow, the microclimate immediately around the crig of vital
importance.

3.1.1 Solar Radiation

Solar radiation provides the warmth and the endlg@t powers the
agricultural system. It determines the thermal ab@ristics of the
environment, namely the air and soil temperatusesshine and day
length or the photoperiod. Photosynthesis, thecbpsbcess of food
manufacture in nature, and photoperiodism, the dlivg response to
daylight, are controlled by solar radiation.
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If there is insufficient radiation, the root sys&mf the crop becomes
underdeveloped, the foliage becomes yellowish aedetis a tendency
for the stalk to grow at the expense of the foliadygcording to Griffiths
(1976), the average plant begins to accumulatenargaatter at about
0°C; this indicates that, too little radiation avot much radiation is
harmful to the process of photosynthesis.

In photoperiodism, the important solar rays ares¢hbetween 0.5 and
0.7 micrometers. Some plants are indifferent to léagth while others
are very sensitive to variations in day length.cAlsome plants are
light-loving (e.g. pine, birch, and larch trees)il@hothers love shade
(e.g. beech and spruce). Vegetables like cabbatfecé and spinach
which all originate in the middle latitudes, wilave their flowering

retarded if grown nearer the equator as the dagthewill be shorter

than what they are accustomed to in the middldutis (Ayoade,

2004).

3.1.2 Temperature

The temperature of the air and the soil affectghallgrowth processes of
plants. As pointed out earlier, all crops have mal, optimum and
maximal temperature limits for each of their stagegrowth. Tropical
crops like cocoa and dates require high tempemtthheoughout the
year. Many crops such as coffee, bananas and sungarare very
sensitive to frosts. On the other hand, winter mgs low temperature
demands and can withstand freezing temperaturesgdtine longer
winter period of dormancy. Low temperatures kill damage plants.
Prolonged chilling of plants at temperatures abioeezing retards plant
growth and may Kkill those plants adapted only tornwvaonditions.

Generally, high temperatures are not as destruc¢tivplants as low
temperatures, provided the moisture supply is aakequo prevent
wilting and the plant is adapted to the climatigiom. Excessive heat
can destroy the plant protoplasm.

Most crops cannot be grown successfully unlesseimperature exceeds
some critical threshold values. For instance, cotomand pineapples
thrive only when temperatures are always above 247 @t least part of
the growing season. Citrus fruit, cotton, sugarcand rice will not
grow well if temperatures are below 15°C. Many \tabkes require
temperatures of at least 8°C. The critical tempeeafor wheat is 3°C
(Hobbs, 1980).
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3.1.3 Moisture

Water in all forms plays a vital role in the growi plants and the
production of all crops. It provides the mediumvialyich chemicals and
nutrients are carried through the plant. Watetge the main constituent
of the physiological plant tissue and a reagenphotosynthesis. Soll
moisture is the source of water which is of primamportance to crop
and the state of soil moisture is controlled byfall, the evaporation
rate and soil characteristics. The supply of saisture may range from
wilting point when no water is available for plame to field capacity
when the soil is fully saturated with moisture lmtstill well drained.

When soil moisture is excessive, all the soil parscompletely filled

with water and a waterlogged condition prevailssuich a situation, free
movement of air within the soil is impeded and coonuds toxic to the
roots of plants may be formed. At the other extresnne condition of

drought in which the amount of water required fga@otranspiration
exceeds the amount available in the soil. Unless whater deficit is

made good by rainfall or irrigation, the plant wikgin to wilt and die.
Thus, like extremely low and high temperatures, naach or too little

water is not good for agriculture.

3.1.4 Wind

On the positive side, wind (air in motion) is arfeetive agent of
dispersal of plants. It helps in the transport atfgn grains and seeds of
plants. Also, the carbon dioxide intake of plantsd arates of
transportation tend to increase with increasingdvépeed up to a certain
level. On the negative side, wind may cause phlsiamage to crops.
By encouraging a high rate of transpiration, highds can also result in
plant desiccation. Wind erosion can damage goodwdtyural land by
removing the top soil as shown in Oklahoma and Harstates of the
United States, during the ‘dust bowl’ period of thr®@ught years of the
1930s. Also, high velocity winds in relatively dayeas or during the dry
season in sub-humid regions can increase the fiBkest fires that can
damage farm crops.

3.2 Weather Hazardsto Agriculture

Crop growth is not only dependent on weather camtstbut crops are
at the mercy of weather until they are harvestdte Tajor weather
phenomena that constitute hazards to agricultuee faost, drought,
hailstones and high winds.
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3.2.1 Frost

Frost is a major hazard to agriculture in temperatgons but largely
unknown and rarely occurs in the tropics. It isds&d occur if
temperature of the air in contact with the grougnd frost) or at
screen level (air frost) is below 0°C. It is theognd frost that is
particularly considered relevant as far as agnralis concerned. When
it happens, soil moisture becomes frozen and ggitients become
immobilised. Physiologic drought is then said t@wc If temperatures
are below freezing point for long, the living matt# cells freezes and
soil dehydration may result.

3.2.2 Drought

Drought constitutes a grave hazard to agricultarbath the temperate
and tropical regions of the world. It is said t@wocwhenever the supply
of moisture from precipitation or stored in theldmcomes insufficient
to fulfill the optimum water needs of plants. Fdaypes of drought can
be recognised: permanent, seasonal, contingentnaigible droughts.
Droughts can result in the wilting of crops or thkeck of much
vegetative growth.

3.2.3 Hailstones

Hailstones are hard pellets of ice of variable sizé shape that fall from
cumulonimbus cloud. It is therefore a solid formpoécipitation. They
occur both in the tropics and the temperate regiand can physically
damage young crops (especially) in the field; thasstitutes a major
hazard to agriculture wherever they occur freqye@top losses due to
hailstones may be considerable. Hence, variousunessvill have to be
taken to prevent or minimise crop damage from taaikss.

3.2.4 High Winds

Wind may constitute a hazard to agriculture in amemore of the
following ways:

o it can mechanically damage crops if the speedasriach as the
pressure exerted on crops along its path incresislesncreasing
speed

) hot wind will encourage high rates of evapotraretmn and

may, therefore, cause desiccation in crops. Besithesrisk of
fire is considerably increased

) wind may encourage soil erosion when the speedeescsome
critical threshold value for a given soil envirormmeCrops may
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be buried by wind-blown sand or dust while the stemnd leaves
of the tall crops suffer abrasion by sand particles

. wind may speed the chilling of plants under cowodsi of low
temperature just like it speeds the desiccatiorplahts under
conditions of high temperatures.

However, crop damage by winds may be minimisedrevented by the
use of wind breaks (shelter belts).

3.3 Weather Aspectsof Crop Pests and Diseases

Agricultural (crop) production, especially in theopics, suffers from

periodic outbreaks of pests and diseases whiclwaether-dependent.
Crop losses due to insect pests in Nigeria have,irfstance been
estimated to be of the order of 50-60%. The pesislathe crops in the
field and after harvest in barns where they areegtcSome insects also
act as vectors of disease-causing germs and shibnicefore be

considered as deadly as the germs they carry.

In the humid tropics and the temperate region, eratpre appears to be
the critical factor influencing the outbreaks obgmpests and diseases. In
arid, semi-arid and sub humid environments, maogsiwainfall) is the
dominant factor. The optimum temperature for thpreduction of
aphids is about 26°C. A delayed spring is favouwgablthe outbreak of
corn seed maggot while a hot dry spell will ternténauch an outbreak.
The major crop pests in the savanna land of Wegic#fare
grasshoppers, locusts and weaver birds. The lotustd in the areas
bordering the Sahara desert where there is enowgsture for some
vegetable growth for the larva to feed upon. Theusts then fly in
swarms southwards aided by the prevailing northteess winds
particularly during the day when the temperatunes ketween 20 and
40°C. The locusts also require for their flight dispeed of less than 20
km per hour as wind speed in excess of this ammakes it impossible
for them to hold a course.

Other crop enemies like mildew, rusts, scabs, digthtls reproduce and
spread most rapidly when the weather is warm amg kemid. In the
cocoa-growing areas of southwest Nigeria, for eXxamp has been
established that too much rainfall reduces the rarmob cocoa pods per
tree and increases the degree of infection by tfaekbpod disease
(Adejuwon,1962). Also, in Nigeria the incidencel@fad mould which
attacks sorghum in northern Nigeria has been paitiybuted to high
atmospheric humidity (Kassagt al, 1976). Spores of fungus diseases
are spread by wind and this makes their contrbleradifficult.
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3.4 Climateand Animal Husbandry

Climatic conditions influence animal husbandry dikg or indirectly in
three major ways. First, the availability of feesl highly weather-
dependent and since domestic animals are highlgrakmt on feed,
climatic factors which influence the growth of pasts or feed crops
exert influence, albeit indirectly, on livestockClimatic conditions
determine the type, quantity, and quality of thaikble feed. The
climatic elements which affect animal feed supply the same as those
which influence plant growth or the spread of inseand diseases that
attack grain or forage crops. These include rdinfamperature, and
radiation.

Second, climatic conditions have direct influencedmmestic animals
as they have effects on their normal body functidfi@r animals to
survive in a given climatic zone, they must be pblggically adjusted

to that climatic environment. All animals and vaso breeds of
particular animals have their optimum climatic regments to ensure
maximum growth and development. When animals arevechoto

climatic environments they are not used to, thegyegaly fall below

minimum economic levels of production even thoulggytmay not die
off like plants do (Critchfield, 1974).

Finally, climate influences livestock production directly by
determining the types of animal diseases that wbeldrevalent in a
given environment. For instance, the tse-tse flyiclwhtransmits the
germs that cause human and cattle trypanosomiasifrica is the
major control on cattle population distributionthre continent. The fly
flourishes in three canopies where transpiratiod ghade maintain
conditions of high humidity and moderate tempetuecessary for its
growth and reproduction. Consequently, most of &8 cattle
population is found in the tse-tse fly free zonéshe African savanna.
In the more humid and forested areas of the caomtirumly a few dwarf
breed of cattle resistant to trypanosomiasis apg. KEhese include the
NdamaandMuturu breeds found in southern Nigeria.

3.5 Climateand Agricultural Development Planning

It is clear from the foregoing that climate, whetleectly or indirectly,

affects agricultural production. Therefore, climateist be taken into
consideration in the planning of agricultural operas and in the
planning of agricultural development in generallodBeare some ways
in which knowledge of climate can be useful in agitural planning

and development.
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4.0

Good timing of agricultural operations such as |lgneparation,
planting, weeding, harvest, storage, marketing, e@n be
facilitated by knowledge of local climate.

Assessment of irrigation needs of crops, if anyd ahe

application of irrigation water in the right amouwed and when
required.

Selection of sites for crops or of crops for sitesough agro-
climatological studies of proposed sites and citopsnsure that
the most suitable crops are grown in a given asegh studies
are required before new crops or new varietiesxdtiag crops
are introduced or the area under cultivation ofadigular crop
expanded.

Control of pests and diseases through knowledgecrop

microclimate and the climatic conditions that fawvothe

propagation of such diseases and disease vectors.

Proper management of weather phenomena such dsainds
drought which pose serious hazard to agriculture.

Advance estimates of anticipated crop harvesteab#dginning of
the growing season based on weather forecast. iStarimation

is vital for the formulation of a nation’s agricutal policy

regarding procurement and distribution of good ingoon

exports as well as the prices of agricultural poeddéo avoid
shortages, post harvest losses or glut as themagée.

CONCLUSION

The understanding of the relationship between aljue and climate
will enable agriculturists to fit crops to climaded avoid the unpleasant
consequences of agricultural planning and developme

5.0

SUMMARY

In this unit, we have learnt that:

climate is the most important variable in agrictdtyproduction
animal husbandry development is climate-dependent

the knowledge of climate should be taken into ad&rsition in
agricultural planning and development.

TUTOR-MARKED ASSIGNMENT

Appraise the influence of climatic conditions on inaal
husbandry.

In what ways is the knowledge of weather and clematportant
in agricultural planning and development?
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1.0 INTRODUCTION

Weather and climate-related factors play a sigaifiaole in the overall
economy of a country (Oludhe, 2002). The impactclxihate upon
economic life anywhere in the world is considerabled in many cases,
very obvious. Climate functions as an economic itgnmechanism’
(Hayward and Oguntoyinbo, 1987). Extreme weathdradimate events
have been found to significantly affect the acii@gtin the industry as
well as other key sectors of the economy. For nmt#apower rationing
due to drought has negative impacts on the overajputs from the
industrial sector. Drought can also bring abous loEraw materials for
the industries. Poor state of the transport systeay cause damage to
perishable products from industries among manyrsthe

20 OBJECTIVES

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

. describe the relationship between climate and im@ligctivities
) discuss the impact of climate on industrial adegt
. outline the relationship between climate and indaist

development.

10
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3.0 MAINCONTENT
3.1 Climateand Manufacturing Industry

Climate has been identified as one of the most mapb factors in
industrial development and in some cases mustdagenl as a resource
(Ayoade, 1993). Three of the major factors thaumfice the location of
industry namely availability of raw materials, marland power can be
climate-dependent. Agricultural raw materials nekda industries
require favourable weather for their production.nbfials cannot be
easily exploited if weather is too harsh on men arathines. Water,
which is climate-dependent, is a basic raw matenalirtually all
manufacturing industries.

Agro-allied and agro-based industries are partribulaensitive to

weather variations. They are adversely affecteddbyught-induced

shortage of raw materials. For instance, during 1B&2/73 Sahelian
drought, many cotton ginneries and groundnut pmsiongsfactories in

northern Nigeria closed down because of lack ofocoand groundnut
occasioned by poor harvest. During the same petiadfall of water

level in Lake Kainji caused nationwide power ratimgnsince most of
the country’s energy supply was, and is still pded from the Kainji

hydro-electric power station. Many industries weoasequently greatly
handicapped and their production schedules weretufys some cases,
valuable equipment were lost as a result of unptablie power cuts.

Water is required in manufacturing industries faswing of products,
raising steam, cooling boilers and for general tsion. Water is used
as a raw material in some industries since it monporated in the
manufactured products. Availability of water in fstient quantities and
of the right quality, which could be climate-depent] can therefore be
an important factor worthy of consideration in tbeation of industries.
Earlier, it was said that water provides the sowtelectrical power
used in many industries. In fact, it is not justitorelectric power that is
weather-dependent, solar and wind energies areoo$lyi weather-
dependent. Even when and where the power soufossg fuel which
may not be weather-dependent, weather can affentioi@ on power
and consequently the capability of the power autilesrto satisfy their
industrial and other consumers.

Climatic conditions can provide the setting for sonmdustries to
develop or for some industrial processes to takeepivithout ado. For
instance, climate has been identified as one of fotors that has
favoured the location of the film industry and aaft manufacturing in
the state of California in the United States. Ib@éieved that the early

11
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aircraft manufacturers were attracted to Califorbjaits low heating

degree days which calls for less heating of hangedsalso by the good
flying weather provided by its winds, warm wintendaplenty of

sunshine. The long hours of sunshine and lightoutreern California
also attracted the film industry there as such tmm$ are ideal for
outdoor film shooting. The dry climate with abuntdaunshine of
Tucson, Arizona has also played an important rolatiracting light

industry and other economic activities which hawedmthe city one of
the fastest growing cities in the United States.

Labour, which is another factor of industrial Idoat can be affected
indirectly by climate. Climate can be an assetttmating labour to an
area but can also act as deterrent discouragirmyta®f course, people
normally prefer living in warm sunny climates twifig in cold cloudy
or wet climate. Climate may also affect labour prcdvity since it
determines human physiologic comfort and plays soote in human
morbidity and mortality. Climate may therefore iraditly influence rate
of absenteeism from work. The rate of absenteesmedl as lateness to
work can increase when adverse weather conditiasiscdte urban
transportation system.

Many industrial processes are affected by weatbeditons even when
they take place indoors. For instance, cotton spgrequires moist air
as cotton thread tends to snap under dry conditidassuch, artificial
humidifiers must therefore be provided in relatwelry areas to
facilitate cotton spinning. Weather conditions alsgffect the
performance and durability of industrial machineagd equipment.
Warm humid conditions tend to encourage weatheaimd) deterioration
of equipment as well as the deterioration of stpik&d agricultural raw
materials.

The demand of some manufactured products is weddpmendent and
so the industries concerned must take changingheeabnditions into
consideration in their production schedule. Fotanse, the demand for
ice creams, soft drinks and beer is high duringseaison or weather but
low when it is cold. Manufacturers of footwear aothing also have to
be weather conscious. Fashions change with thesgaaticularly in
temperate regions of the world. Suntan location deddorant are in
great demand when the weather is hot and humicevhd demand for
raincoats and umbrellas increases with increasirgguency of
precipitation. Manufacturers of all goods whose deth depends on
weather conditions can therefore not afford to rgneeather.

In the light of what has been discussed so farpuld be deduced that

the estimation of climatic costs in industrial pugtion must consider
the effect of climate on the following:

12
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. heating and cooling requirements of the factorymses

. provision of water supplies

. warehousing, storage and transportation of raw maddeand
finished products

. weathering and consequent deterioration of equipneamd
machinery

. health and efficiency of workers

) activities to control air and water pollution anigifrom industrial
processes

o all aspects of industrial production that take plaatdoors.

Therefore, manufacturing industries cannot ignosativer and climate
in their operations if they are to cut down cogtsiag from adverse
climatic impact and maximise benefits arising fréamourable climatic
conditions.

3.2 Climateand Mining Industry

Although the mining industry is not seriously atitt by the climate
during the rains, the working of open-cast minesiarges and
transportation of minerals can be hampered. Muclhef equipment
used by the industry is permanently exposed tombgther, with all the
related risk of rapid decay. In arid areas, dusy olag machinery and
thicken lubricants (Hayward and Oguntoyinbo, 1987).

3.3 Climateand Construction Industry

The same problems of dust in dry conditions, obdlomud and erosion
in wet, apply to most aspects of the constructimiustry. Rainfall is
probably the main problem, hampering access t@ sitel movement,
spoiling newly finished surfaces and hindering dgyi(Hayward and
Oguntoyinbo, 1987). It can damage excavationsrorttiem into ponds;
it creates hazards for workers. And if such rairs @ccompanied by
high winds, the damage and dangers are increasdday builders, for
instance, must allow for flooding, landslides anddftows, and seek to
minimise dangers from these climatically induce@mpimena not only
to the tracks but also to signaling, embankmernisgges and tunnels.

3.4 Climateand Commercial Activities (Service Industry)

Of all tertiary activities, climate seems to plég tmost important role in
commerce and tourism. Weather and climate can tatfemmercial
activities in three major ways: they can affect supply or availability
of certain goods and services; they can also deterthe magnitude of
demand for some goods and services; and, they aaurf or hinder

13
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commercial activities at a given location or atigeg time in a given
location. Dry, fine weather will encourage shopptrsgo out while
poor, rainy weather will tend to keep them indoofferefore, the
volume of retail sales can indirectly be affectgdiaeather conditions.

Weather has equally become a veritable resourcwmunsm. Many

recreational activities especially sporting aciggttake place outdoor
and they do not take place if weather is not sietalBven where they
are already taking place, they are abandoned whmémckement weather
sets in. A good example is when rain disturbs #rae of lawn tennis or
cricket. Warm sunny weather is desired by practdis of most

recreational activities while cold cloudy or wet atleer is considered
unsuitable.

Climate offers two forms of attraction in tourismamely, the need for
sunshine and warmth for those living in cold cowastrand the
specialised conditions for certain activities sashwinter sports. The
role of climate in tourism is underscored by thet that tourism itself is
a seasonal service industry which booms at a péaticseason,
depending on the prevailing climatic conditions.c&pt for winter

sports, the peak of most tourist activities isumsner.

It is not only sporting activities that suffer franclement weather, other
forms of outdoor recreational activities such aghsseeing, nature-
watching, visits to zoological gardens, amusemenkg) etc. are also
affected by inclement weather. Consequently, thepmetors of such
recreational facilities suffer loss of income whewrlement weather
keeps off customers from patronising their servitesurance business
Is one of the service industries that can bensadinfthe knowledge of
climate.

3.5 Impact of Climateon Industry

Industries, generally, may be exposed to direcindirect impacts of
climate change. Such potential impacts of climai@nge will depend on
a number of factors, which include:

1. The geographic location of an industry: Indestiocated in the
coastal zone will suffer the negative impacts @-el rise and
attendant coastal inundation and flooding. Sigaificsea-level
rise will, for example, virtually eradicate beachskbd tourism
and recreation industries, as well as disrupt aid agas
exploration and extraction activities in the regidndustries
located in the northern dry belt will be exposedhe effects of
warmer climate on water supplies that make procesing and
environmental processes more difficult and undujyemsive.

14
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This belt is equally prone to occasional devasgatin
thunderstorms, floods and windstorms that can dgstrdustrial
infrastructure, giving rise to cessation of acteéstand incurring
costs for expensive repairs to damaged facilities.

2. The nature of resource inputs used by the inglusdustries that
rely on inputs which are climate-dependent (such agso
resources) become vulnerable when those inputsrierge any
moderate or severe changes in production due rwatdi change.
Harvest failure, for example, would directly impaog fruit juice
manufacturing and food-processing industries.

3. The dynamics of consumer behaviour: Consumespond to
changing atmospheric temperatures in the clotheg thoose to
wear or buy. Industries that produce clothing mayento alter
their production profile by producing more or legswarm/cool
weather clothing in response to changing demandsitdd by
either rising or falling temperatures. Similarlyydustries may
have to design and produce more wind/storm-registarbrellas
in both the northern and southern ecozones in ressp rising
incidence of severe windstorms. Other industricdecaéd by
climate change will have to adapt or fold up. The
telecommunications industry, for example, is a#ecby heavy
storms that fall cables. Sales slump under sucgistances and
can seriously affect the industry as a result.

4, Government policies pertaining to climate changThe
production inputs.

5. Other industries: such as construction, housingnsiportation,
energy generation and distribution, are all afféctey the
incidence of extreme weather and weather-relateditons. All
economic activities are affected, as is qualityifef and patterns
of human settlement. Increased and higher rairdal)s will
damage roads and increase road maintenance cobes. T
southeastern ecozone will be the most vulnerableengithe
sedimentary rock profile of the area, its heavyngaiand its
susceptibility to rapid soil wash and erosion. Totehicular
accidents nationwide will also be expected to rigesen a
scenario of higher and more intense rainfall rafdsthe same
time, given a scenario of excessive temperatureditons
associated with warmer climate, serious problemsldvalso be
experienced with the road infrastructure. Such heghperatures
are usually known to soften asphalt roads, explodéuckle
concrete roads, warp railroad rails, close airpbesause of lack
of “lift” in extremely hot air conditions, and inease mechanical
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failures in automobiles and trucks. Adverse weatt@rditions
have equally been known to cause flight delaysghftli
cancellations, and flight re-routing, with attentlheavy financial
losses to the airline industry.

40 CONCLUSION

From the above, it becomes obvious that weathercintate impinge
on many aspects of our industrial as well as coroakeiactivities.

Considering the fact that weather and climate aadable and the
economic losses they cause are considerable, we ri@ehoice but to
take cognizance of weather and climate in the ptanand execution of
our various industrial and commercial activities.

5.0 SUMMARY

In this unit, we have learnt that:

. climate functions as an economic timing mechanism

o climate is the most important factor in industdalvelopment and
must be treated as a resource

. the knowledge of climate should be taken into ab&sition in

industrial planning and development.

6.0 TUTOR-MARKED ASSIGNMENT

1. In what ways can weather and climate hinder or ptenthe
industrial development of an area?
2. Using specific examples assess the impact of weathalitions

on both manufacturing and service industries.
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1.0 INTRODUCTION

Air transport, probably more than any other moddransportation, is
the most susceptible and greatly affected by weatheall phases of air
transportation are influenced by atmospheric camubt This is not

surprising since the atmosphere is the medium irchwhir transport

takes place. From thunderstorms and snow stormsjnid and fog as
well as temperature and pressure extremes, evasepdf flight has the
potential to be impacted by weather. The closetiogighip between

meteorology and air transportation is underscongdhle simultaneous
development of the two with development in one ilegdo research in
another. As a matter of fact, most synoptic weasitations are located
at airports. However, the aviation sector is a Gbuator to the global

climate change, though that is not our focus ia tmit.

20 OBJECTIVES

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

. discuss climate as a dominant force in aviation

) explain weather and climatic data as essentialedlignts in
aviation and

o describe the relationship between climate and iawviat

development planning.
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3.0 MAINCONTENT
3.1 Effectsof Weather on Aviation

The effects of weather conditions are felt at @liels of operation of air
transportation from the construction of the runasviyythe trip en route
as well as take off and landing conditions. As davy Hayward and
Oguntoyinbo (1987), the main peril of weather oraton especially in
West Africa is poor visibility. Morning mists arenuncommon in the
humid southern areas, harmattan dust can spreadsextly, and dust
storms are the menace in the north. Almost everyeyhee line squall
or local thunderstorm with driving rain and low @atb will present a
hazard despite modern technology. All storms argedeous to aircraft,
be it thunderstorm coming from stormy weather aglthing or others
such as hurricane which could even be more disas{dyoade, 1993).

On the ground, aircraft may have to be de-icedrptio departure,
sometimes having to be coated with a fluid the nlggfore to prevent
snow or ice build-up. Icing can affect the aerodyitastability of an
aircraft when in motion. Runways have to be plowad treated.
Lightning in the area prevents ground handlersfaatirs from carrying
out their work. And rules require that when tempaes/wind chills are
too low, workers are allowed outside only for shpetiods of time.

Departing and arriving aircraft are slowed by Amaffic Control (ATC)
when cloud ceilings or visibilities are reducedthaaircraft acceptance
rates lowered to 75-50% of normal. Surface windsciwviproduce too
much cross factor similarly force reduced accemarates, and lower
level winds (below 15,000 feet) often dictate geeadircraft spacing,
resulting in reduced acceptance rates. Low-levalddvgahear conditions
can cause the cessation of takeoffs and landingath®r has also been
identified as the cause of approximately 70% of tetays in the
National Airspace System (NAS). In addition, weatbentinues to play
a significant role in a number of aviation accideand incidents. It
contributes about 23% of all aviation accidentsl@sa, 2008).

During the en route phase of flight, jet streamdsirand temperatures
have a significant impact on fuel burn and on-tipggformance. In
passenger-carrying aircraft, turbulence is a maoncern, while
thunderstorms can close air routes for hundredsilefs. Volcanic ash,
especially hazardous to aircraft engines, forceflyoe-routes.
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3.1.1 Thunderstorms

Hazards associated with convectweather include thunderstorms with
severeturbulence, intense up and downdrafts, lightningil, heavy
precipitation, icing, windghear, microburst, strong low-level winds, and
tornadoes. According to National Aviati@afety Data Analysis Center
(NASDAC) analysis, between 1989 and early 198understorms were
listed as a contributingactor in 2-4 per cent of weather-related
accidents, depending on the category of airarafblved. Precipitation
was listed as a factor ® per cent of commercial air carrier accidents,
roughly 10 per cent of general aviation accideautsi nearly 19 per cent
of commuter/air taxaccidents. American Airlines has estimated 8t
per cent of turbulence incidents are causeddmyective weather.

In addition to safety, convective weather posesrablpm for the

efficient operation of the NAS. Thunderstorms aathted phenomena
can close airports, degrade airport capacities doceptance and
departure, and hinder or stop ground operationav€dive hazards en
route lead to rerouting and diversions that regulexcess operating
costs and lost passenger time. Lightning and remhage can remove
aircraft from operations and result in both lostereues and excess
maintenance costs. The vast majority of the waras@e delays of
aircrafts are due to convective weather.

3.1.2 In-Flight Icing

In the period 1989-early 1997, the National Tramgmn Safety Board
(NTSB) indicated that in-flight icing was a contuting or causal factor
in approximately 11 per cent of all weather-relatatidents among
general aviation aircraft. Icing was cited in rolyg per cent of all
weather-related accidents among air taxi/commuted agricultural

aircraft. The percentage was 3 per cent for comialewr carrier

accidents. The 1994 crash of an ATR-72 near Rosglawiana, which
claimed 68 lives, took place during icing condigon

In-flight icing is not only dangerous, but also f@Esajor impact on the
efficiency of flight operations. Re-routing and ald of commercial
carriers, especially regional carriers and commauateines, to avoid
icing conditions lead to late arrivals and resuit a ripple effect
throughout the NAS. Diversions en route cause sfdit fuel and other
costs for all classes of aircratft.
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Icing poses a danger to aircraft in several waygray which are:

o structural icing on wings and control surfaces @ases aircraft
weight, degrades lift, generates false instrumesaidings, and
compromises control of the aircraft

. mechanical icing in carburetors, engine air intalesl fuel cells
impairs engine performance, leading to reductiopafer.

Small aircraft routinely operates at altitudes vehéemperatures and
clouds are most favorable for ice formation, makimgse aircraft
vulnerable to icing for long periods of time. Largarcraft are at risk
primarily during ascent from and descent into teahareas.

3.1.3 Turbulence

Non-convective turbulence is a major aviation hdza#ll aircraft are
vulnerable to turbulent motions. Non-convectivebtuence can be
present at any altitude and in a wide range of nratonditions, often
occurring in relatively clear skies as clear-aibtlence. Any aircraft
entering turbulent conditions is vulnerable to dgemasmaller aircraft
(both fixed- and rotary-wing) are susceptible atdo levels of turbulent
intensity than are large aircraft.

The effects of turbulence range from a jostlingtld aircraft that is
mildly discomforting for passengers and crews tddem accelerations
that can result in serious injury and temporary losaircraft control.

Clear-air turbulence is not only dangerous; it dlas a major impact on
the efficiency of flight operations due to re-rogfi and delays of
aircraft.

3.1.4 Caelling and Visbility

Low ceiling and reducedisibility are safety hazards for all types of
aviation. The NASDAC study of NTSBtatistics indicated that ceiling
and visibility were cited as contributing factors in 24 per cehtall
general aviation accidents between 1886 early 1997. They were also
cited as contributing factors in 37 per cent @dmmuter/air taxi
accidents during the samgeriod. Low ceiling and poor visibility
accidentsoccur when pilots who are not properly rated orfgiieg an
aircraft not equipped with theecessary instrumentation encounter such
conditions, resulting in loss of control, @wntrolled flight into terrain.

Low ceiling and poor visibility are not just a siféssue. They can also
severely degrade the efficiency of commercial antitary aviation.
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Reduced ceiling and/or visibility can severely reglthe capacity of an
airport and lead to airborne or ground delays tkatlt in diversions,
cancellations, missed connections, and extra dpaedicosts.

3.1.5 Ground De-icing

Aircraft on the ground during periods of freezingflmzen precipitation
and other icing conditions are susceptible to thddkup of ice on
control surfaces, instrument orifices, propellasd engine inlets and
interiors. Aircraft that are moving along taxiwaydarunway surfaces in
slush or standing water at near-freezing condit@amsalso susceptible
to surface contamination, even after precipitati@s stopped. Even a
very small amount of ice on a wing surface candase drag and reduce
airplane lift by 25 per cent. This type of ice aculation has been a
cause or a factor in 10 commercial aircraft takeaf€idents between
1978 and 1997. Ice blockage of airspeed or altitndsasurement
instrumentation can cause loss of control or ndwgaerrors.

Ice and snow also have an impact on terminal op&st Boarding
gates, taxiways, and runways may become unusabj@rfoperational
capacities may be sharply reduced.

3.1.6 Volcanic Ash

Volcanic ash is pulverized rock. It is composedddy of materials with
a melting temperature below the operating tempegaitia jet engine at
cruise altitude. Volcanic ash in the atmospheresisally accompanied
by gaseous solutions of sulphur dioxide and chérifhe combination
of the pulverized rock and acidic gases can sigguifily affect the
performance of jet engines at cruise altitudes. Akluds are often
invisible, particularly at night.

To put this problem in perspective, the ash from ount Pinatubo

eruption in 1991 circled the globe within a mattédays and affected a
multitude of air traffic routes. Consequently, &ift that traversed this
thin layer of ash required more maintenance. Siaishow that there
are 575 active volcanoes globally which normallyntcibute to 50

eruptions, resulting in 50-75 “danger days” per ryedolcanic ash

exceeds 30,000 feet on active air routes 25-30 paygear. There have
been over 100 damaging encounters to aircraft e l#st 20 years
costing more than $250m in damages.

Within the United States, a particular area of ewoncis along the
Aleutian Islands and the Alaskan Peninsula. Thesitherof active

volcanoes in this area, lying as it does adjacernhé heavily-traveled
North Pacific Air Traffic Routes, makes the ashetiirespecially acute.
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The generally westerly flow of winds in the regioreans that ash can
be transported easily into airspace over the Canadnd U.S. Pacific
Northwest regions. Ash from volcanoes on the Karkéh&eninsula of
Russia also poses a threat because it tends toimhof the heavily
traveled North Pacific airways, which are withirSJFlight Information
Regions.

3.2 Useof Weather | nformation and For ecast

Considering the potential impacts mentioned abdte, two major
impacts of weather are safety and efficiency ofrapen. To enhance
safety while attempting to maintain flight scheduitegrity, airlines are
highly dependent upon accurate weather information.

They rely on weather information and forecasts frarmumber of

sources. The National Weather Service (NWS) isstm®casts

addressing the terminal and enroute area and twesehe basis for
decisions made by most airlines. Up-to-date andirate information

about thunderstorms, the location of lightning, theginning time of

snow or ice at an airport, temperature and pressai& are crucial for
safe and efficient operations. NWS charts depictimg information are

displayed in all Flight Dispatch and airport operas$ offices. Data and
forecasts for airports are communicated from gavemt sources to the
airlines. Both upper air and surface weather degasant via land-line
and satellite to airlines' mainframe computers.

Reports of actual conditions from airports increghi rely upon
Automated Observing Systems (ASOS). It is impeeatiiat reports
from these systems are accurate and representafiibe weather
conditions at an airport. Any loss of the credipilof the ASOS reports
by users could lead to increased fuel loads agttftielays.

After ensuring a safe weather environment, it cumbent upon airlines
to meet their schedules as frequently as possiiis. underscores the
need for timely and accurate weather information.

3.3 Costs Associated with Weather

Before addressing the costs which weather has @n ahlines’
operations, it is worth noting the cost of acquriweather data and
forecasts. For instance, in United States the nhpntkes for the
communication of upper air and surface data alqe, airline, are
approximately $6,000. Add to that the cost of adggi graphical
weather data, NWS DIFAX charts, lightning data, aadbr and satellite
imagery: approximately $7,000. There are four pagseand two cargo
airlines which have their own staff of meteorolagisSalaries alone
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range from $750,000 to more than $1 million annudlany airlines
without meteorologists contract with a weather @atd forecast vendor.
Costs, though lower than a paid staff, can run weér $100,000 per
year.

Direct costs due to weather on airline operaticas loe separated into
several categories: diversion, cancellation, dal&y insurance. The cost
of a diverted flight can be as high as $150,000 amancellation close
to $40,000 (Qualley, 2008). A report from the Amamfisport Association
(ATA) states that the direct annual costs to sixteember airlines of
the first two categories listed above are $47 ar&22$ million,
respectively. Delay costs vary greatly dependingnuphe type of
aircraft and airport affected so are a bit moresigki to pin down.
However, they are not insignificant. Annual insw@npayouts for
encounters with turbulence are well into the miBoof dollars across
the industry, while lost time due to employee igjufe.g. flight
attendants) is similarly high.

The direct costs sometimes are eclipsed by the afosib-off factors.
For example, one diverted flight can cause anywfrera 2 to 50 flight
delays, while one canceled flight can result itd 20 flight delays. The
costs listed are from a variety of areas, somedfixed than others not:
fuel, crew time, aircraft operating costs, lost qgamger and cargo
revenue, hotels and meals, ground-based employeetiroe pay,
insurance. Though the costs associated with dedags cancellations
vary, airlines taking such actions risk erodinggesger goodwill and
that results in lost future revenue.

To help mitigate the disruption to airline operasacaused by weather,
some airlines have developed intricate computegraros. The payback
on the development cost, though difficult to quigntis significant.
These systems are capable of displaying the davendifects of off-
schedule operations, assisting the airline planmerdetermining the
optimum solution to achieve an on-schedule airlase quickly as
possible after an adverse weather event.

3.4 FutureDirection

The airlines have a very real need for accurateecksts of the
parameters listed above. Information about thevarof thunderstorms
at a given hub airport, especially those which amntlamaging winds
or hail, is required at least four hours aheadimitto allow airline
planners to re-schedule flights. When addressingsn@wstorm,
extremely low temperatures, abnormally high pressar high surface
winds, the lead time extends to eight hours, tovalime for personnel
staffing. Timing of the arrival of a tropical storisineeded nearly a day
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in advance in order to protect company resourcgsseaging aircraft at
an airport safely distant from such a storm. Acturaformation about
upper air conditions, necessary for flight plannpirsgrequired as much
as eighteen hours in advance of a flight's departur

The location and design of airport must take intooaint the weather
conditions such as wind speed and direction, \igitand the frequency
of temperature inversion conditions. The approacart airport must be
free from all obstructions, natural or man-madesiiiity should be
reasonably good most of the time. The design oaways must take
cognizance of the prevailing wind patterns in teaohboth direction and
speed. Since cross winds are dangerous to airdrafis at landing or
take-off, this should therefore be avoided. To eehithis objective,
runaways must be aligned in the direction of thevailing winds. The
ground condition must also be good; hence, swanmpgsaor areas
liable to flooding should be avoided in the sittiofairports. Advance
knowledge of fog occurrence through reliable anetaidate forecast
will help prevent or control dust haze.

With the above comments in mind, it is not diffictd understand the

need for a range of highly accurate forecasts, fstarm-scale to meso-
scale to synoptic-scale.

40 CONCLUSON
The understanding of the relationship between ¢énaad aviation will
enable operators to plan their mode of operatiariitoate and avoid the

unpleasant consequences of aviation planning avelaament.

5.0 SUMMARY

In this unit, we have learnt that:

o weather and climate are the most important in xnatperation

. aviation operation depends heavily on accurate hvesat
information and forecast

) the knowledge of climate should be taken into ab&sition in

aviation planning and development.

6.0 TUTOR-MARKED ASSIGNMENT

1. Assess the impact of weather conditions on airspartation in
Nigeria.

2. Discuss the view that the main peril of weather dgration in
West Africa is ‘poor visibility’.
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3. What will you suggest as the way forward for thaateon
industry in the light of changing weather and clieta
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1.0 INTRODUCTION

Human beings are gregarious and like living in gouather than on
their own. Living in groups provides companionsaip security. Thus,
the desire of man to live in settlements is notaded by climate neither
does climate directly influence the choice of lomat of most

settlements. However, one of the objectives of maoroviding shelter

for himself is to ward off or protect himself agstinveather elements
(Ayoade, 1993). In this unit, we shall explore soaspects of the
interrelationship between climate and human sedfgma We shall
equally consider the various aspects of the sinmédationships that
exist at the micro level between climate and irdlial buildings

(Building Climatology).

20 OBJECTIVES

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

. describe the interrelationship between climatelauntiling
) discuss the impact of weather and climate on gldictivities
. explain the effect of climate on human settlemend ahe

mitigation option.
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3.0 MAIN CONTENT
3.1 Climate-Building Relations

Buildings are required to perform two basic funetio namely:

protection of man against weather elements; arehtion of suitable
indoor climate for living accommodation, workingtosage, etc.

However, buildings themselves are exposed to trethee elements. So,
for buildings to perform the two functions mentidneearlier

satisfactorily during their anticipated lifetiméyely must be structurally
safe and be able to withstand the stresses poselthiatic extremes.

Three stages are involved in the process of eggainbuilding for
whatever reason and at each of these stages, domwwledge of
weather and climate is required, as will be shoatarlin this unit. The
stages are:

. planning and designing of the building

. actual construction of the building

o maintenance of the building in general and of asfatory
indoor climate within it in particular.

Architects and builders need a sound knowledge hef prevailing
climatic conditions to achieve some, if not all,ethsymbiotic
relationships found in the natural habitats of #memal world. The
possible effect of the building being planned oa thicroclimate of the
site and the surrounding area must also be antidptor successful
planning. Three major types of engineering problemshe building
industry that are intimately linked to climate damidentified, thus:

o how to design against the structural failures afdimgs arising
from climatic extremes such as high winds, and &xce
precipitation-induced floods

) how to design buildings to minimise running codtsnaintaining
satisfactory indoor climate
) how to plan for safe and economic construction wfdngs in

the face of adverse weather conditions at the oactgin sites.

3.2 Climateand Settlement L ocation
The physical factors of climate and topography hafienced the

location, growth and development of human settlémandiverse ways
in different parts of the world. For instance, daaility of portable
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water has been one of the major factors determitineglocation of

settlements, while there has been preference éwatdd well-drained

sites because they provide protection from flodtsarness to means of
communication like road, rail and water has alsayetl a significant

role in the location, growth and development of ygnaettiements.

Despite the obvious importance of the need for thgabhnd safe
environment, very few settlements have been locatbdre they are
primarily on account of favourable climatic condits. But it is now
increasingly being realized that climatic factoe@lay an important
role in our quest for functional, pleasant and divie cities. Attention
must therefore be given to such issues as physotmgynfort as well as
the health and safety of inhabitants in the locatibnew settlements.

Knowledge of the climate of possible sites for avngettlement is
required in order to make a wise choice of siteudlly, indices of
physiologic comfort are used in assessing the lslittaof a site for a
settlement. For instance, the committee set u@b bn the location of
the new Federal Capital Territory in Nigeria gavghhpremium to the
guestion of health and climate as well as wateplsuin arriving at the
choice of Abuja (Table 5.1).

Table 1. Criteria Considered and their Weightsin the Choice of
aNew Federal Capital Territory for Nigeria

SN Criterion Weight by %

[ Centrality 22

i Health and climate 12

ii Land availability and use 10

\Y Water supply 10

% Multi-access possibilities 7

Vi Security 6

Vil Existence of building materials locally 6

Vili Low population density 6

IX Power resources 5

X Drainage 5

Xi Soll 4

Xii Physical planning convenience 4

Xiii Ethnic accord 3
Total 100

Source: Ayoade, 1993

Since human settlements are subject to natural riezathe
hazardousness of a site must also be anticipaida&en into account
in locating settlements. The major atmospheric tusavorthy of
consideration in site selection for settlementsue drought, flood, air

28



ESM 345 MODULE 1

pollution, fog, cold, heat and high winds. The hdpnasness of a
potential site for settlement can be assessed &yi@ing the frequency,
timing, duration and magnitude of the above hazartle objective will
be to avoid locations of high potential hazardogsné&latural hazards
impose a lot of burden on people. They can cauathdmnd damage to
properties when people fail to or cannot adjuserEwhen adjustment is
possible, the cost in terms of money, energy amdetimay be
considerable. It may therefore be better to avaoahdazards rather than
hope to minimise their impacts.

The ideal location for a settlement will dependseneral factors such as
accessibility, good climate and agricultural lamghod drainage and
water supply, as well as healthy environment amotigers. These

factors obviously constitute the environmental tgses of an area that
can help sustain healthy and prosperous inhabitAlitdhese conditions

may not obtain simultaneously in any given locatamd so there is
usually a kind of trade off between and among theéssirable

conditions. And as a matter of fact, climate hasallg not featured

prominently among the factors that have determitied locations of

present-day cities and towns.

It is now generally recognised, however, that hursattlements are
artificial environments subject to many processgerating in the
natural environment. Besides, they interact withd affect natural
processes with some unpleasant consequences. Ta awech
undesirable consequence, knowledge of the atmasplevironment
and processes is vital in the search for suitaltes sand for human
settlements and in the effective and purposefuhmpfeg of these
settlements.

3.3 Designing Buildings against Climatic Extremes

The nature of the structural stresses experiengduliitdings varies with
the climatic environment. Stresses arise from sadtstorms, exposure
to driving rain, excess precipitation, floods andop drainage and
excessive wind speed. Thunderstorms occur frequémtthe tropics.
Lightning conductors are therefore desirable tar@belectrical storms.

Driving rain can be a problem especially in theetkess urban areas.
Another effect of heavy, intense rainfall commonthe humid tropics
especially in the urban areas is the high amountuobff that is
generated. Rainfall absorption by the roofs of diogs, concrete
pavements and asphalt surfaces of roads is minifimgte is therefore
great need for efficient and adequate storm wat@ns to evacuate the
high amount of runoff that is generated.
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The wind exerts pressure on any object in its path buildings are no
exceptions. The pressure exerted by wind on aibgilé proportional

primarily to the square of the wind velocity altlgbuother factors such
as shape, size, height, openings in the buildirdyinlocation relative
to other buildings do exercise some control.

34 Designing Building for Comfortable Indoor Micro-
Climate

For optimum bodily comfort and efficiency, it isgessary to maintain a
suitable indoor climate within buildings. This cha done by artificial

heating or cooling or by proper design that willsere adequate
ventilation and through wise choice of building erals. Since

artificial heating or cooling is expensive bothterms of capital costs
and maintenance, emphasis in the tropics shouldobeclimate

conditioning within buildings through proper desigmd choice of
building materials. This will obviate the need fexpensive artificial

cooling.

Climate conditioning is concerned with landscapamgl the placement
of other buildings as well as the design of thddng itself. The aim of
climate conditioning is to create a suitable clienai and around the
building. In site selection for a building, air Woand drainage should be
carefully considered. As mentioned earlier, the dvproduces direct
effect on a building by exerting pressure on itt fow also helps to
modify temperature and humidity conditions. This particularly
important in warm, humid environment where thereasd to lessen the
effect of excessive humidity and high temperatufidee local relief is
the most important factor that determines the vaaddition at a given
site. Windward slopes, summits and plains are Usuadll aerated. The
local relief also coupled with the characteristidshe soil and rainfall
will determine the drainage condition of the shAeeas of poor drainage
are also often areas susceptible to flooding. ¢thsareas are to be used
for building for whatever reason, the need for smn of good
drainage and flood proofing should be seriouslysadered in the design
and construction of building.

Apart from suitable sitting of buildings, good dgsiand wise choice of
building materials can enhance good indoor climata building, the
orientation of the building in relation to the pagling wind direction
and position of the sun is of utmost importancecése the effects of
weather elements are strongly directional, oriéorabf building with
respect to wind and sun can influence wind forcegcipitation,
temperature and sunlight on different externalaes$.
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In the humid tropics, windows should be large andopposite walls,
0.5 to 1.5m above the floor, facing north and soltbring northern
hemisphere summer, the north facing windows caridsed with blinds
or shutters and in winter, the south facing onese Tise of glass
windows and doors should be avoided since glasseases the
greenhouse effect of buildings. Curtains reducdilaion and may also
absorb radiation especially dark-coloured ones. dditses netting
though necessary to keep off insects especiallygmtzes may reduce
air velocity by 35 to 70% (Hayward and Oguntoyinbd987).
Verandahs are highly recommended as they providéwely cool extra
living space as well as protection from drivingntaihe use of shade
trees around buildings is recommended. Tall treest@ be preferred
because they interfere less with ventilation unlié®ort trees. But
shading must not be excessive to the extent tleainterior of buildings
will need artificial lightning during the day.

The type of materials used in building constructisn of utmost
importance in any climate for two main reasonsstficonstruction
materials play an important role in determining thegure of indoor
climate and by implication the need for and extdrdrtificial heating or
cooling that would be required to obtain a desgainldoor climate.
Second, building materials are subject to wear sadt by weather
elements especially temperature, precipitation hathidity. Climate
therefore affects the durability or otherwise asllves the cost of
maintaining such buildings.

3.5 Weather and Building Construction

Safe and economic construction of buildings depesrghe weather
conditions prevailing at the construction sitetighout the period of
construction. Adverse weather conditions will delaynstruction and
interfere with the work schedule. More importanthdverse weather
conditions may even damage the buildings under tamion. The

weather elements that are important during thetoaoctson phase of a
building according to Oke (1978) are as follows:

o Rain: Too much rain will interfere with construction schule.
Mixing of concrete will be adversely affected anewty laid
concrete will be destroyed. Earth-moving equipmeiit not be
able to function well and labour will not be fulljilised

. High wind: This poses danger to life and limbs at the
construction sites, especially on building requwrithe use of
scaffold

o High temperature and humidity: These will adversely affect

the physiologic comfort of workers who will not lable to give
off their best
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o Snow and extremely low temperature interfere wighstruction
work in temperate countries in diverse ways.

It is clear from the above that the constructiomustries require
information about weather to be able to estimageléhgth of time over
a given period during which weather will not inengé with construction
work. Such length of time is usually given in termos number of
workable days per month or season. So, knowledg#eoihumber of
working days at the construction site is requiredgroper planning and
costing of construction programme. Lack of suchvidedge can result
in overtime costs and/or financial penalties agsiftom weather-
induced lateness in the completion of construgbianects.

3.6 Effectsof Climate on Human Settlement

There are many ways through which climate changddcaffect human
settlements. Some of the impacts will be diredtecs will be indirect.
Urban populations are growing and contributing tovieonmental
degradation, loss of biodiversity, environmental cale and
water/air/environmental pollution. According to Ne®port, human
settlements in Nigeria will be affected by climateange in a variety of
ways. The report showed further urban and rural ufamn
concentrations will be disrupted, particularly ajotme coastline due to
sea-level rise and related phenomena while soniersents are known
to have already relocated farther inland from thaiginal sites in
response to sea incursion over some decades. Hopulisplacement
and migration from, and to, various human settlasevill arise from
either or both of drought incidence in the Northstates of the country
and accelerated sea-level rise in the coastal megiRises in sea-level
will also threaten urban and rural infrastructuiadilities in low-lying
coastal regions.

Extreme climate conditions such as high wind, heaamyfall, heat and
cold can result in wide-ranging scenarios suchi@gsdal storms, floods,
landslides, droughts and sea-level rise. Climatatastrophes induce
populations to be displaced (or decimated by deathjch in turn can
lead to conflict and civil unrest. As well, the picthealth infrastructure
would be eroded if resources are diverted fromnigintenance to
disaster recovery. Communities and government wdagddburdened
with having to make reparations to individuals pooperty damage and
loss, unemployment, clean-up, and reduced soci@ecnviability of
the communities affected.
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3.7 Mitigation Option for Human Settlement

The IPCC (1995) report on climate change providesassessment of
historical trends of greenhouse gas (GHG) emissivasn human

settlements, analyzes the potential for emissi@asiations, identifies
various policy options, and discusses future secemaof energy-

efficiency improvements and associated GHG emissreductions. It

was reported that the largest portion of GHG eimiss in human

settlements is in the form of carbon dioxide c@om energy use in
buildings (including emissions from power plantsatthproduce

electricity for buildings), amounting to about 1billion tonnes of

carbon. According to this report, three other maources of GHG
emissions are methane from urban solid waste (atpnv to 135-275
million tonnes of carbon in the form of GO methane from domestic
and industrial wastewater (200-275 million tonnésarbon equivalent),
and a variety of GHGs produced through the combnsif biomass in

cook stoves throughout the developing world (edichato be 100

million tonnes of carbon equivalent).

The report further revealed that in 1990, resiéntbuildings
contributed 19% of total global emissions of LC®hile commercial
buildings contributed an additional 10%. Indusis@tl countries
produced 63% of global G@missions in 1990, while the former Soviet
Union and Eastern Europe produced 19% and devejopauntries
produced 18%. Overall growth in emissions of ,@@m buildings was
about 2% per year from 1973 to 1990. Almost altlo§ growth took
place in developing countries and in the former i&Wnion and
Eastern Europe (Fig. 5.1).
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Fig. 5.1 Carbon Emissions from Residential and Commer cial
Buildings by Region, 1973, 1983, and 1990(after IPCC
1995)

The IPCC Report further revealed that the poterfbalthe greatest
growth in CQ emissions-in both percentage and absolute termmstige

developing world, where per capita energy consummpin human
settlements is currently very low. Even in the isidalised countries,
however, if policies to minimise such emissions ac¢ enacted and
rigorously carried out, the already high levels @D, emissions can
increase. The most significant factors influencthg growth of GHG
emissions in human settlements are efficiency arggn use, carbon
intensity of fuels used directly in human settletsenr to produce
electricity, population growth, the nature of dephent in developing
countries, the nature and rate of global economiowth, and

implementation of policies that are directed towé#utilling national

commitments to reducing GHG emissions.

According to IPCC report on climate change the -effsctive
technologies that are available to reduce energguwaption and hence
CO, emissions include:

. more efficient space-conditioning systems

. improved insulation and reduced air leakage in wivs walls,
and roofs

o more efficient lighting and appliances (refrigerato water

heaters, cook stoves, etc.).

It was also suggested that increased vegetatioaader reflectivity of
roofing and siding materials can yield significaatiuctions in space-
cooling energy requirements in warm climates iraarareas.

Policy options for reducing the growth of carbonigsions from human
settlements include energy-pricing strategies, leggry programmes,
utility demand-side management programmes, denaisir and
commercialisation programmes, and research andlafguent. Each
type of program has been carried out, primarily imdustrialised
countries, and many have achieved significant gnesgvings.
Resources, such as collaborations in training @esvand institution-
building, are especially needed in developing coesit

40 CONCLUSON
In this unit, we have examined the impact of climain human

settlements and we have shown that climatic canttineed to be
considered in the location and planning of newle®nts to avoid
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unnecessary climatic hazards. We have equally exeinthe close
inter-relationship between climate and buildinghedl as how man with
knowledge of weather and climate can design antt liomfortable
structures both safely and economically too. Altjoubuildings
primarily protect man against weather elements, thaldings
themselves need to be protected against weathemees. Their indoor
climate also needs to be comfortable for them tdope their second
major function- that of creating a suitable indadimate for some
specified purposes.

5.0 SUMMARY

In this unit, we have learnt that:

o climate is very important in planning and designarfidpuilding

o weather and climate is very important in actualstarction of
building

) sound knowledge of weather and climate is esserital
maintenance of building and of satisfactory indactivities

o climate change could affect human settlements imymaays,
which may be direct or indirect

) climate change impact on human settlement couleaniigated

through more efficient space conditioning; improviedulation
and reduced air leakage in windows, walls, and s;o@nd
through more efficient lighting and appliances and

. carbon emissions from human settlements could decezl by
energy-pricing strategies, regulatory programmaktyudemand-
side management programmes, demonstration
commercialisation programmes, and research andlajevent

policy.
6.0 TUTOR-MARKED ASSIGNMENT

1. With reference to specific example(s), explain hbtwe factor of
climate can influence the location, growth and degwaent of
human settlements.

2. Discuss the three major types of engineering problen the
building industry that are intimately linked torolate.
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1.0 INTRODUCTION

Climate is never static and its variability bothspace and time is an
inherent characteristic of weather and climate @d& 1993).
Variations in weather and climate are often comp#nd exercise
noticeable impact on man and his activities. Claretts as background,
occasionally determines critical outcomes, ofteespnts hazards or
triggers disasters, and is a basic resource to huaotvities. Research
on the ways climate, biomes, and society intermdtamed by abiding
views of the relationship between humans and tlegivironment.
Extreme episodes in the early 1970s fostered argesoe of
expressions of human vulnerability to climate, mstgent of the
“climatic determinism' voiced in the early decadégshis century. As
will be shown in this unit, climate, especially utariability and change
largely influences almost the totality of humanaaf in a number of
diverse ways.

20 OBJECTIVES

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

. describe the relevance of climate in human affairs
. explain the relationship between climate and huadivities and
. discuss the effect of climate on human affairs.
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3.0 MAINCONTENT
3.1 Climateasa Determinant of Human Affairs

The sense of climate as a pervasive, powerful elend the

environment forms a basis for climate determinighe view that
climate is a dominating influence in the moldingraftural and social
systems. Early historians and geographers, blenuatgral and human
scientific exploration and description, lent a dany basis to

determinist views. They described vegetation, ahiesmrad even human
populations as adapted to climatic constraints.s Tperspective is
exemplified by Alexander von Humboldtisosmos(Otte,1849). In the
first decades of the twentieth century, Ellswortlhinkington (1915)
extended this view, claiming that climate is allhmesive in molding
social structure, settlement patterns, and humbhavieur.

The contention that climate molds human behaviod development
has continued to gain prominence even among thecgorary social
scientists. For example, Carpenter (1968) and Brysoal. (1974)

argued that drought caused the decline of Mycen&esagrk civilisation

during the late Bronze Age. Writing about contengpgrdisparities in
the development of nations, Lambert (1975) and isi@mr (1979)

attribute to global climate patterns a range of idechnical

characteristics, from labour productivity to agtiaral efficiency. Some
modern analysts continue to invoke climate to drplthe slow

economic development of particular regions, esfigdiae tropics (see,
for example, Oury, 1969; Myrdal, 1972). A contengrgr natural

science approach that has a determinist flavasusd in Chang (1970).
Chang explored the temperature-dependence of rmebgmthesis and
concluded tentatively that in warmer climates ysedde smaller.

3.2 Thelmpact of Climate on Society

Climate and climatic variations exert a tremendogisence on society.
The impact of climate and climatic variations ogisty may be positive
(benevolent or desirable) or negative (malevolent uadesirable).
Societies have often viewed climate primarily dsaaard and neglected
it as a resource. Yet climate is both a hazardaanesource depending
on time, location and the values and type of climaiarameters
involved. The climate/society interface may be tiauof in terms of
adjustment, that is, the extent and ways in whatiety functions in a
harmonious relationship with its climate. Man and Hhctivities are
vulnerable to climatic variations. At the same tjrtiee activities of man
in certain locations and over a period of time negd to diminishing
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adjustment or increasing maladjustment of man te hlimatic
environment.

The extent to which a society is susceptible to aigamby climatic
causes is termed vulnerability. On the other h#mel ability of a society
to ‘bounce back’ when adversely affected by climatpacts is termed
its resilience (Ayoade, 2004). Generally, a societyore vulnerable:

. the more its economic activities depend upon weshlesitive
factors of production

o the greater the unreliability and variability ofri@en key climatic
variables like precipitation and temperature

. the lower its level of reserves of food and othatemals

. the less developed the capacity of its transpastesy to move
supplies from areas of surplus to areas of deficit

o the less the society has planned and preparedcatonvitb adverse

climatic impacts.

Resilience of society in the face of adverse climatmpacts also
depends on a number of similar factors. A socistyikely to bounce
back more effectively if it has:

) accumulated stocks or reserves of foods and oth&erials

o spare capacity built into the design of its infrasture like power
and water supplies and

. command of financial and material resources, teldgyoand

transportation with which to combat the impact.ahgible
factors like social cohesion, morale and publicficemce and
trust in government and social institutions may dle important.
Where these are lacking, resilience may be redocesiderably.

3.3 Impact of Climatic Variations on Human Activities

Since the essentials of life for mankind on thenglt, namely air, water,
food clothing and shelter, are weather-dependenteather-related, it
could be said that climate and climatic variatiexercise an influence
on man and his various activities. In terms of g@gonomic activities,
drought-induced famines can lead to migration ahdndonment of
settlements, a fact attested to by events followiregg1972-73 sahelian
droughts in West Africa and subsequent droughthénsame area and
in Ethiopia and other countries in the Horn of A#fi(Ayoade 1993).
Variations in climate also affect national econanparticularly those
that are based on agriculture. Poor harvest of iexggops will cause a
decline in foreign exchange earnings and the incofmée farmers.
Poor harvest of food crops may cause food scaarity high prices of
foodstuff unless urgent ameliorative actions arkema by the
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government. Such actions usually involve food ingoon. But where
the financial resources to import are lacking, aoss food crisis may
result and food aid programme may need to be esiiaol to avoid
starvation and death among the populace. Againpjtis situation in
recent years demonstrates the adverse impact avoufable climatic
conditions on the well-being of man (Ayoade, 1993).

As noted by Critchfield (1974), human health, eyeagd comfort are
affected more by climate than any other elementth& physical

environment. The physiological functions of the laumibody respond to
changes in the weather. Certain illnesses are winraduced while
several diseases that affect man show a closelaoorewith climatic-

conditions and season in their incidence. The dlonaements which
directly affect the physiological functions of timan body include
radiation (sunshine), temperature, humidity, windd aatmospheric
pressure. Human physiological comfort is determinedinly by

temperature, wind and humidity.

Human physical vigour is influenced by temperatunamidity and
wind. Generally, high temperature and humidity tetod decrease
physical vigour as well as mental vigour. Very diy or extremely low
temperatures may also impair physical vigour angeeskly affect
attitude to mental work. Extremely low pressurelwisult in a
decreased supply of oxygen to the brain with comsegdecrease in
mental vigour or alertness. Moderate fluctuatioms weather are
generally regarded as stimulating to physical andntal vigour.
Weather also appears to influence human emotiodsbahaviour. For
instance, crimes, riots, insanity and other indmaldas well as group
emotional outbursts seem to reach their peak abtiset of or during
hot unpleasant weather (Critchfield, 1974).

Climate influences in varying degrees the varioagnemic activities
that man engages in. These include agricultureaarichal husbandry,
manufacturing industry, commerce and tourism. Clevaso influences
utilities, transport, and communication systemdemfimpairing their
efficiency and usability. Activities which are cad out outdoors are
extremely weather-vulnerable. Such activities idelu mining,
construction, tourism and various leisure actigitgich as games and
sports. These activities can only be successfullysyed if suitable
climatic conditions prevail (Ayoade, 2004).

Activities carried out indoors are also vulneratdeclimatic variations.
Weather conditions influence the performance andalality of

machinery. The tropical climatic conditions, forstance, tend to
encourage rusting of machinery. Besides, certagtustrial processes
can best take place under certain temperature amdity conditions. If
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such conditions do not naturally exist, they havbé artificially created
at additional cost through air conditioning. Th@@ly of materials used
in the manufacturing processes may also be wedtmgendent. For
instance, agro-allied industries (mainly food pssieg or fruit canning
industries) depend on good harvest as well as adecand efficient
transportation to bring in supplies. Some induktgaods are also
seasonally required by the people. The output athsgoods will
therefore be determined by prevailing climatic dbads.

Retailing and commerce are favoured by climatic ditions that

encourage people to go out for shopping. Precipitaand/or extreme
cold tend to reduce sales as many would-be shogfeysat home. Poor
visibility and heavy snowfall will also adverseljfect sales as well as
supply of goods. This is because transportatiotesysvill be disrupted
under such weather conditions. All forms of tramggiton- road, rail, air
and water- are vulnerable to weather conditionkoalgh in varying

degrees. The most vulnerable is perhaps air transpdverse weather
conditions may cause accidents, delays, diversiand, even outright
cancellation of journeys with concomitant inconwsrge, loss of
revenue, time or even lives in some cases. Podrilitis is the single

most important weather hazard to all forms of tpam&ation. Others
include heavy precipitation (be it rain or snowighhwinds or blizzard,

violent storms, and ground frost (for road and traihsport only).

Climate also partly determines the way we build loowses and the way
we dress. Type of clothing varies from one cultireanother and also
from one climatic zone to another. The world hasrbéivided into
seven zones according to the clothing requiremiiiatswould maintain
a comfortable heat balance in a normal human bduag, minimal
clothing zone; long flowing robe clothing zone; dager clothing zone;
two-layer clothing zone; three-layer clothing zomeyr-layer clothing
zone; and, arctic zone (Griffiths,1976). Weathett alimatic conditions
are relevant factors in the efficient sitting ofildungs, choice of
materials, design and air-conditioning of the g (Critchfield,
1974). All the three stages involved in the buitdimdustry namely:
design, construction and air conditioning (the remance of
satisfactory indoor climate through thermal andtVation control) are
all weather and climate-dependent. Constructioanisoutdoor activity
and is consequently directly affected by prevailmgather conditions.
Rain, snow, high winds, temperature extremes hawerae effects on
construction activities.
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40 CONCLUSION

From the above, it is obvious that climatic vanas can influence
human affairs in several ways including the suviebhman and his
socio-economic structures. Man therefore needfidavanterest in the
problems of climatic variations especially theiusas and mechanisms.

5.0 SUMMARY

In this unit, we have shown that climate is nevatic and that
variability is an inherent attribute of climate. ilGate acts as
background, occasionally determines critical outespoften presents
hazards or triggers disasters, and is a basic resoo human activities.
We have equally shown how climate and its varigbikffect the
numerous activities of man. Man therefore needshtaw interest in the
problems of climatic variations especially theiusas and mechanisms
so as to know how to prepare adequately and cojpsfasdorily with
such variations.

6.0 TUTOR-MARKED ASSIGNMENT

1. Examine the impact of climatic variations on mand anms
activities.
2. Discuss the view that climate is an important deteant of

human affairs.
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1.0 INTRODUCTION

Human influence on the weather and, ultimatelynate can be either
intentional, as with cloud seeding to clear fognirairports or to
increaseprecipitation or unintentional as with air pollution, which
increasesaerosol concentrations and reduces sunlight. Weather is
considered to be the day-to-day variations of tmirenment—
temperaturecloudiness relative humidity, wind-speed, visibility, and
precipitation; while climate, on the other hand]ees the average and
extremes of these variables, changing on a seadmsa$. Weather
change may lead to climate change, which is assasss a period of
years.

20 OBJECTIVES

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

. explain climate as dominant force in aviation
. explain weather and climatic data as essentialedlignts in
aviation
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o describe the relationship between climate and iawviat
development planning.

3.0 MAINCONTENT
3.1 WhatisWeather Modification?

Weather modification is the term used to descrilk@n’s) attempts at
influencing the climate, which could be deliberate inadvertent.
Inadvertent weather modification occurs as a restilcertain human
actions and activities designed to achieve goaddlyaunconnected with
the weather. Such activities include: urbanisatauitivation, lumbering
and cattle grazing, among others. Meanwhile, weathedification is
deliberate or purposeful when man intentionallys smit to influence or
modify weather for whatever reason. Usually, maenapts to modify
weather when he considers it detrimental to hisiesoc and social life
objectives. Such purposeful weather modificationnign is known as
weather control and it is one of the ways by whitdin responds to the
vagaries and hazardousness of weather (Ayoade,).1988 unit is
mainly concerned with purposeful weather modifieatior simply put,
weather control.

3.2 Why Weather Modification?

There are several motivations for weather modifcatby man
(Ayoade, 2004). Man attempts to modify weather tbieve one or
more of the following:

. to reduce the economic and social losses thattrisah severe
weather events like hurricanes, hailstones, frastsights, fogs,
lightning-caused fires, etc. Drought, frost andldtanes can
damage crops and lower yield with consequent losE@scome
to the farmers and scarcity of food. Fogs and wghds can
dislocate transport systems and aid accidents wgtiisequent
losses of income and lives. Controlling weathet efilable man
to avoid or drastically cut down such losses inenats and men.
Table 1 below shows the annual estimated losses fine effect
of adverse weather conditions in the United Statesmerica for
which some data were available

) to augment the supply of those weather elementssérae as
input in the production of particular commoditigsservices. For
instance, the supply of water may be augmenteddudcseeding
or by suppressing evaporation from reservoirs by tise of
acetyl alcohol, microscopic beads, or shelter belts
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o to improve health as well as mental and physidatiehcy. This
involves the creation of an artificial microclimatenducive to
the maintenance of physiological comfort in humamags.

Table 1. Annual Average L osses from Weather Hazards

Weather hazard L oss (in millions)
Hurricanes Over $250
Lightning-caused fires $200
Hailstones $300

Fog and Snow $66

(Source: Ayoade, 2004).
3.3 Weather Modification Processes

Man’s ability to control weather is still very mudimited and confined
to local climate. The control of weather by marstfibegan when he
started building shelter to protect him against tiveia elements and
maintain a suitable indoor microclimate. The uséaof, heaters and air
conditioners is nowadays quite common. All theseiais are used by
man to control the microclimate inside buildingsh€ weather control
activities of man include: cloud seeding to stinbellgrecipitation,
suppression of hail and lightning, clearance ofdbgirports, prevention
of crop damage by frosts, reduction of evaporatiom reservoirs and
suppression of violent storms such as hurricanesneS of these
activities are scientifically based as discussddvihe

Experiments carried out in the United States inrthié 1940s indicated
that precipitation can be stimulated by seedin¢gble clouds with dry
ice (solid CQ) or silver iodide which has a structure similarthat of
ice. The input of these additional condensationleiuato the cloud
helps to precipitate the Bergeron-Findeisen proagsprecipitation
formation in cold cloud. It was later shown tha¢ ttbalescence process
can be similarly encouraged in warm cloud by segdunch cloud with
salt particles such as calcium chloride or wateptits. Seeding can be
done from above the target cloud using airplanefram the ground
using artillery shells containing silver iodidedny ice.

Experimental results in the United States have destnated that
lightning and hail can also be suppressed by clsedding and
explosion rockets. Although, the formation of himifees cannot really be
prevented, but with seeding, it is believed tha siiver iodide or ice
crystals will create many more centers of condémsavithin the cloud

thus encouraging more but smaller crystals ofacgevelop.

Control of hurricanes and other violent storms seemt possible in
practice yet. But since the energy that powershilreicanes is derived
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from the release of latent heat, it is believed tha rate at which the
latent heat is released can be controlled by sgeitii@ cloud with dry
ice or silver iodide. It has also been suggestatttie ocean ahead of a
developing hurricane can be covered by some mégetta prevent
evaporation and uptake of latent heat into thenstor

Reduction of evaporation from a reservoir is ddde@awhere high
amounts of water is lost through the process aftesn the case in semi-
arid and arid environment. Several techniques aaéadle for reducing
the rate of evaporation off a reservoir. Some eééhare:

. use of shelterbelt to reduce wind velocity over tbservoir. The
effectiveness of the shelter belt will depend @nhieight, lateral
extent, distance from the reservoir and the degr@ermeability.

If the trees forming the shelterbelt are tall erownd close
enough to the reservoir surface and shut off pathe incident
solar radiation

o use of evaporation suppressants such as acetylhahlco
hexedecanol and octadecanol. The efficiency of ethes
suppressants tends to vary with wind speed andvassize and
inversely with water temperature. White microscapgads have
also been wused as evaporation suppressants in akever
experiments. Generally speaking, these suppresappesar to be
more effective in the temperate region than inttbeics where
lower evaporation reductions have been observed.

3.4 Implication of Weather M odification

Deliberate or inadvertent, weather modification f@dot of serious
implications or impacts on climate especially ibvam than surrounding
rural areas. In urban areas, the chemical compasiti the atmosphere
is altered. The thermal and the hydrological proesrof the earth’s
surface as well as its aerodynamic roughness paeesnare altered by
the process of urbanisation and industrialisatidarshes are drained
and natural surfaces are replaced by more impesvswrfaces of
pavements, tarred roads, and roofs of buildingsaAssult, both long
wave and short wave radiation are reduced over nurheeas.
Temperatures are raised even though the duratiorsuokhine is
reduced. Humidity is reduced but there is someem®e in precipitation.
Cloud amount is increased. Fogs are thicker, ogoare frequently and
more persistent, thus impairing visibility. Turbote is increased.
Strong winds are decelerated and light winds acelatated as they
move into urban areas.
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Two aspects of urban climate as a consequence atheremodification
are particularly noteworthy because of their widaplications. These
are:

. increase in temperature over urban areas (thelkad¢eeat island
phenomenon). Studies of this phenomenon have leeeied out
mainly in cities in the temperate region, and tesuits indicate
that urban areas are much warmer than their runalrans
particularly at nights. The heat island effect alsods to speed
up the process of chemical weathering of buildirsgamals

o pollution of the city air. As in the case of urbheat island, air
pollution (the introduction into the air of any stiénces different
from any of its natural constituents) has a nundfdbiological,
economic and meteorological implications. Studiagenshown
that fruit trees in polluted areas are 10% smadied produce
10% less fruits with diminished vitamin C contewingpared to
trees in clean air (Maunder 1970). Buildings suffieom
corrosion as a result of air pollution. There isdence that air
pollution is an important factor in certain respargy and lung
diseases so common in industrialised cities of tFate latitudes.
It can also result in the formation of acid rainiethhas a lot of
serious environmental effects such as biomass reecind
premature loss of leaves and leaching of leaf ewitsi among
others.

3.5 Problemsof Weather Modification

Weather control activities face problems of divemsg¢ure. There is the
scientific problem of whether man can as a matteiact successfully
control climate and without undesirable side eBeétor example, the
augmentation of precipitation through cloud seeding solve the

problem of drought has been challenged and mispldoe three

reasons. First, is that there is need for suitabded to exist before
seeding can take place, and in reality, such deif@v even any) clouds
rarely exist during drought periods. Second, i theen where suitable
clouds exist and are seeded, the amount of prattgitobtained may be
negligible and it may fall outside the target aree, where it is not
needed. Third, it has been argued that cloud sgedio®s not cause
additional precipitation in reality but causes ats redistribution of

precipitation. And that once the moisture in a giwoud is forced to
precipitate such moisture is lost to the area dowdw

Weather control, especially artificial rain-makirsgbedeviled with both

political and legal problems (Maunder, 1970). Thaimreason behind
this has been that the results of such weather froation are not
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universally beneficial as well as the undesirabféeats it brings
sometimes. In fact, several court cases have amsgnof weather
control activities in the United States especially the 1950s. An
example was that in which Mr. Stutzky, a resort ewrsued the city of
New York in 1950 when the latter wanted to stimeiledinfall by cloud
seeding so as to improve water supply to the 10amiinhabitants of
New York then during a period of drought. Mr. Siytargued that such
rainfall would interfere with his resort busine3$ie city of New York
won the cloud seeding litigation then because thetavas not prepared
to protect a possible private injury at the expesfse public advantage.

Weather control is no doubt an expensive and \exhrtical operation.
It requires expensive basic research and skilledop@el. Cost-benefit
analysis of weather control may therefore be unieable. Even where
favourable, there may still be political and legabblems. Besides our
knowledge of the atmosphere, its working processes still rather
limited. It is virtually impossible yet to forecaall consequences of any
weather control activity.

40 CONCLUSION

The unit concluded that there is still the needdmper understanding
of the working of the atmosphere before we can mngémly and
profitably control weather. Through better undardiag there will be
great ability to predict weather and climate withhigh degree of
accuracy. Until we are able to do this, purposefeather modification
especially on a regional or global scale will remai meteorologically
unrealistic dream.

50 SUMMARY
In this unit, we have learnt that:

. weather modification could be deliberate or inatkser

) inadvertent weather modification occurs as a reetiltertain
human actions and activities designed to achieveioegoals
unconnected with the weather

. weather modification is deliberate or purposeful ewhman
intentionally sets out to influence or modify weath
. weather control is an expensive and very techruparation that

requires expensive basic research and skilled peeto
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6.0 TUTOR-MARKED ASSIGNMENT

1. Weather modification by man has many serious imaghns.
Elucidate.

2. Discuss the problems and prospects of purposefuithee
modification.
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1.0 INTRODUCTION

Acid rain is a popular term for the atmospheric aefon of acidified
rain, snow, sleet, hail, acidifying gases and plkasi, as well as acidified
fog and cloud water (Davest al.2007). It is a term used to describe rain
or any other form of precipitation that is unusyaltidic. Acid rain can
also refer to the deposition of wet (rain, snoweesl fog and cloud
water, dew) and dry (acidifying particles and gasesdic components.
It is not pure acid falling from the sky, but rathié is rainfall or
atmospheric moisture that has been mixed with aisngnd gases that
have caused the moisture to become more acidic nioamal. Pure
water has a pH of 7, and, generally, rainfall imswhat on the acidic
side (a bit less than 6). But, acid rain can hapélaf about 5.0-5.5. A
more accurate term is “acid deposition”. Distildter, which contains
no carbon dioxide, has a neutral pH of 7. Generétiypids with a pH
less than 7 are acidic, and those with a pH grehtm 7 are basic.
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“Clean” or unpolluted rain has a slightly acidic piHabout 5.2, because
carbon dioxide and water in the air react togetbhdorm carbonic acid,
a weak acid (pH 5.6 in distilled water), but unpt#ld rain also contains
other chemicals.

H20 (1) + CO, (9) — H,CO; (aq)

Carbonic acid then can ionize in water forming loancentrations of
hydroniumions:

2H,0 (1) + H,COj3 (ag) = CO5* (aqg) + 2H;0"(aq)

The extra acidity in rain comes from the reactioh poimary air
pollutants; primarily sulfur oxides and nitrogendes, with water in the
air to form strong acids (like sulfuric and nitacid). The main sources
of these pollutants are industrial power-generapiagts and vehicles.

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

define acid rain

identify the sources and causes of acid rain
explain the chemistry of acid rain

explain the effects of acid rain.

3.0 MAINCONTENT
3.1 WhatisAcid Rain?

Acid rain is rainfall or atmospheric moisture thets been mixed with
elements and gases that have caused the moistoeedme more acidic
than normal. In a nutshell, it is a term used tscdbe rain or any other
form of precipitation that is unusually acidic.

3.2 History of Acid Rain

Since the Industrial Revolution, emissions of sulpldioxide and
nitrogen oxides to the atmosphere have increasedl8b62, Robert
Angus Smith was the first to show the relationsbgiween acid rain
and atmospheric pollution in Manchester, Englafithough acidic rain
was discovered in 1852, it was not until the 1a®0s that scientists
began widely observing and studying the phenomemba.term “acid
rain” was generated in 1972. Canadian Harold Hawayg among the
first to research a “dead” lake. Public awarendsscal rain in the U.S
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increased in the 1970s after the New York Timesruigated reports
from the Hubbard Brook Experimental Forest in Neanmbshire of the
myriad deleterious environmental effects demonstrad result from it.
Occasional pH readings in rain and fog water ofl welow 2.4 (the
acidity of vinegar) have been reported in indubsea areas. Industrial
acid rain is a substantial problem in Europe, ChiRassia and areas
down-wind from them. These areas burn sulfur-comtgi coal to
generate heat and electricity. The problem of aeid not only has
increased with population and industrial growtht bas become more
widespread. The use of tall smokestacks to redocal Ipollution has
contributed to the spread of acid rain by releagiages into regional
atmospheric circulation. Often, deposition occutsaaconsiderable
distance down-wind of the emissions, with mountagcegions tending
to receive the greatest deposition (simply becaokdheir higher
rainfall). An example of this effect is the low p# rain (compared to
the local emissions) which falls in Scandinavia.

Acid rain was discovered in 1963 in North Ameridatize Hubbard

Brook Experimental Forest, site of the Hubbard Br&oosystem Study
in the White Mountains of New Hampshire, in raiattivas some 100
times more acidic than unpolluted rain. Innovatiémsreducing fossil

fuel emissions, such as scrubbers upstream ofalhermokestacks on
power plants and factories, catalytic converteraotomobiles, and use
of low-sulfur coal, have been employed to reduceéssions of sulfur

dioxide (SQ) and nitrogen oxides (N As a result of increasing
global economies, fossil fuel combustion is inciregsround the world,

with concomitant spread of acid rain.

3.3 Causesof Acid Rain

Acid rain is a uniquely human-related phenomenone Burning of
fossil fuels (coal and oil) by power-production quanies and industries
releases sulfur into the air that combines withg®ety to form sulfur
dioxide (SQ). Exhausts from cars cause the formation of nérog
oxides in the air. From these gases, airborne salacid (HSO,) and
nitric acid (HNQ) can be formed and be dissolved in the water vapor
the air. Although acid-rain gases may originateliban areas, they are
often carried for hundreds of miles in the atmosely winds into rural
areas. That is why forests and lakes in the cosiateycan be harmed by
acid rain that originates in cities.

As noted earlier, acid rain is mostly caused by &wonemissions of
sulfur and nitrogen compounds which react in theosphere to
produce acids. The increased acidity of these digmus primarily from

the strong acids, sulfuric and nitric, is generaasda by-product of the
combustion of fuels containing sulfur or nitrogespecially fossil fuel
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power plants. The heating of homes, electricitydpiiion, and driving

vehicles all rely primarily on fossil fuel energywhen fossil fuels are
combusted, acid-forming nitrogen and sulfur oxides released to the
atmosphere. These compounds are transformed mtnti@sphere, often
traveling thousands of kilometres from their orgirsource, and then
fall out on land and water surfaces as acid rain.

3.4 Processesof Acid Rain Formation

Several processes can result in the formation ofi aeposition.

Nitrogen oxides (N¢Q) and sulfur dioxide (S® released into the
atmosphere from a variety of sources can fall ® dlhound simply as
dry deposition. This dry deposition can then beveoted into acids
when these deposited chemicals meet water. Mostavidt deposition
forms when nitrogen oxides (N and sulfur dioxide (S§) are

converted to nitric acid (HN§ and sulfuric acid (k50Q,) through

oxidation and dissolution. Wet deposition can dson when ammonia
gas (NH) from natural sources is converted into ammonibiid 4).

The source of the acids released to the atmospisetargely the
combustion of fossil fuels that produce waste kgdpcts including
gases such as oxides of sulfur and nitrogen. Aman¢@NH) is a by-
product of some natural processes, as well asudignal sources (e.g.,
application of nitrogen fertilizers; confined animieedlots). In its
dissolved form (NH') it contributes acidity to surface waters through
the process of nitrification. Oxidized sulfur anidkagen gases are acid
precursors in the atmosphere. For example, I8@cts with water in the
atmosphere to yield sulfuric acid:

SOZ + Hzo = H2804

An analogous reaction of water with nitrogen oxjdsgmbolized as
NO,, yields nitric acid (HNG).

In addition to wet deposition (rain, snow, and foggidic deposition

includes the deposition of dry, particulate, andegais acid precursors
that become acidic in contact with moisture. Thry deposition is

difficult to quantify and expensive to measure.ehehtial methods

indicate that dry deposition represents 20 to 8@%h@ total deposition

of acids to the landscape, depending on factors aadocation, season,
and total rainfall.

Natural sources can also contribute additional igcid precipitation.
Natural emissions can come from wetlands and genkmurces. Major
natural sources of NQinclude lightning and soil microbes. Organic
acidity may arise from freshwater wetlands and @bawarshes. It is
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these natural sources that lead to the inferene¢ pine-industrial
precipitation in forested regions had a pH around % true, then
modern precipitation in the North and East is twahree times more
acidic than pre-industrial.

The acidity of precipitation is still subject to snnderstanding. Even in
pristine environments, precipitation pH is rarelgntolled by the
carbon dioxidgCQO,) reaction that has an equilibrium pH of 5.6:

Hzo + C02 = H2CO3

Because of the many sources of acidity in predipitapH 5.6 is not the
benchmark ‘normal’ pH against which the acidity ohodern

precipitation should be compared. Precipitation aisvariable and
complex mixture of particulates and solutes derifredh local sources
and long-range transport. For example, in aridastly forested regions,
dust from soil and bedrock typically neutraliseshbthe natural and
human sources of acidity in precipitation, yieldiagsolution that may
be quite basic (pH greater than 7).

3.5 Effectsof Acid Rain

Acid rain has harmful effects on plants, aquaticimats, and
infrastructure. However, the environment can gdheradapt to a
certain amount of acid rain. Often, soil is slightlsic (due to naturally
occurring limestone, which has a pH of greater tharBecause bases
counteract acids, these soils tend to balance @ut ©f the acid rain's
acidity. But in areas, such as some of the Rockymfimins and parts of
the northwestern and southeastern United Statesrewhmestone does
not naturally occur in the soil, acid rain can hdh@a environment.

Some fish and animals, such as frogs, have a medadapting to and
reproducing in an acidic environment. Many plasisch as evergreen
trees, are damaged by acid rain and acid fog. &€ ls@en some of the
acid-rain damage to the evergreen forests in theckBIForest of

Germany. Much of the Black Forest was indeed blaatause so much
of the green pine needles had been destroyednipanly the black

trunks and limbs! You also might notice how acithraas eaten away
the stone in some cities' buildings and stone akwo

Acid rain has been shown to have adverse impactsfooests,

freshwaters and soils, killing insect and aquafie forms as well as
causing damage to buildings and having impactsuomam health.
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3.5.1 Surface Watersand Aquatic Animals

Surface waters become acidic when the supply ofdsadrom
atmospheric deposition and watershed processegatibe capacity of
watershed soils and drainage waters to neutrdtieet Surface waters
are defined as ‘acidic’ if their acid neutralizincapacity (ANC,
analogous to alkalinity) is less than 0, correspogndo pH values less
than about 5.2. The chemical conditions that dedicidity are that acid
anion concentrations (sulfate, nitrate, organicdgiciare present in
excess of concentrations of base cations (typicalgicium or
magnesium), the products of mineral weathering tieas that
neutralize acidity in soil or rock.

Acid deposition degrades water quality by loweripd levels (i.e.,
increasing acidity); decreasing acid-neutralizirgpacity (ANC); and
increasing aluminum concentrations.

Both the lower pH and higher aluminum concentraionsurface water
that occur as a result of acid rain can cause danmadish and other
aquatic animals. At pH lower than 5 most fish eggjs not hatch and
lower pH can Kkill adult fish. As lakes and riverescbme more acidic
biodiversity is reduced. Acid rain has eliminatedact life and some
fish species, including the brook trout in someegkstreams, and creeks
in geographically sensitive areas, such as theoAdmck Mountains of
the United States.

However, the extent to which acid rain contribudegctly or indirectly
via runoff from the catchment to lake and riverdagi (i.e., depending
on characteristics of the surrounding watershedyaisable. The US
EPA’s website states'Of the lakes and streams surveyed, acid rain
caused acidity in 75 per cent of the acidic laked about 50 per cent of
the acidic streams”

Sensitive species may be lost even at moderatdslefeacidity. For
example, some important zooplankton predators atefound at_pH
levels below 5.6; sensitive mayfly species (eBaetis lapponicusare
affected at pH levels near 6.0; and sensitive §iphcies, such as the
fathead minnow, experience recruitment failure exihction at pH 5.6
to 5.9.

Decreases in pH and elevated concentrations ofialumhave reduced
the species diversity and abundance of aquatigriifeany streams and
lakes in acid-sensitive areas of the Northeast Rgve received the
most attention to date, but entire food webs arenchdversely affected.
Decreases in pH and increases in aluminum condemsa have
diminished the species diversity and abundance &inkjon,
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invertebrates, and fish in acid-impacted surfactergan the Northeast.
In the Adirondacks, a significant positive relasbip exists between the
pH and acid-neutralising capacity (ANC) of lakesl #me number of fish

species present in those lakes. Surveys of 1,46@oridhck lakes

conducted in 1984 and 1987 show that 24 per celatket (i.e., 346) in

this region do not support fish. These lakes haukistently lower pH

and ANC, and higher concentrations of aluminum thakes that

contained one or more species of fish. Even adatdat fish species
such as brook trout have been eliminated from seraters in the

Northeast.

Acid episodes are particularly harmful to aquatfe because abrupt
changes in water chemistry allow fish few areasrefuge. High
concentrations of aluminum are directly toxic tshfiand are a primary
cause of fish mortality during acid episodes. Hagidity and aluminum
levels disrupt the salt and water balance in fistusing red blood cells
to rupture and blood viscosity to increase. Studiesvy that the viscous
blood strains the fish’s heart, resulting in a &theart attack.

The absence of fish and the presence of aluminurnakes provide
important information about the condition of son#thin a watershed.
The release of aluminum from the soil into riversl astreams usually
indicates that the available calcium in the soillasr and has been
depleted. Furthermore, trees growing in such soily experience
greater nutritional stress.

3.5.2 Soils

Soil biology and chemistry can be seriously damdmgedcid rain. Some
microbes are unable to tolerate changes to low pdHae killed. The
enzymes of these microbes are denatured (changgtape so they no
longer function) by the acid. The hydronium ions afid rain also
mobilize toxins, e.g. aluminum, and leach away ®$slenutrients and
minerals.

2H" (aq) + Mg™" (clay)= 2H" (clay)+ Mg™'(aq)

Soil chemistry can be dramatically changed where lzagions, such as
calcium and magnesium, are leached by acid rairelyeaffecting
sensitive species, such as sugar maple (Acer sacoha

Acid deposition has altered and continues to atels in three ways.
Acid deposition depletes calcium and other basemrstfrom the soll;
facilitates the mobilization of dissolved inorgaratuminum (hereafter
referred to simply as aluminum) into soil water;daimcreases the
accumulation of sulfur and nitrogen in the soil.

57



ESM 345 APPLIED CLIMBLOGY

3521 L oss of Calcium and other Base Cations

In the past 50-60 years, acid deposition has aatelbthe loss of large
amounts of available calcium from soils in the Medst. This

conclusion is based on a limited number of soitli&s, but at present,
calcium depletion has been documented at moredltzen study sites
throughout the Northeast, including sites in theréwadacks, the White
Mountains, the Green Mountains, and the state oin&laDepletion

occurs when base cations are displaced from thdga@cid deposition

at a rate faster than they can be replenished dgltbw breakdown of
rocks or the deposition of base cations from thmoaphere. This
depletion of base cations fundamentally alters spibcesses,
compromises the nutrition of some trees, and hsdee capacity for
sensitive soils to recover.

3522 M obilization of Aluminum

Aluminum is often released from soil to soil wateegetation, lakes,
and streams in forested regions with high acid d#ipa, low stores of
available calcium, and high soil acidity. High centrations of
aluminum can be toxic to plants, fish, and othemgaaisms.

Concentrations of aluminum in streams at the Hubb&rook

Experimental Forest, New Hampshire (HBEF) are oftéove levels
considered toxic to fish and much greater than eotmations observed
in forested watersheds receiving low levels of a&gdosition.

3523 Accumulation of Sulfur and Nitrogen

Acid deposition results in the accumulation of suland nitrogen in
forest soils. As sulfate is released from the siilacidifies nearby
streams and lakes. The recovery of surface watersesponse to
emission controls has therefore been delayed atidheti be complete
until the sulfate left by a long legacy of acid dspion is released from
the soil.

Similarly, nitrogen has accumulated in soil beydhd amount needed
by the forest and appears now to be leaching untlase waters in many
parts of the Northeast. This process also acidifdees and streams.
Forests typically require more nitrogen for growvitian is available in
the soil. However, several recent studies sugdest in some areas,
nitrogen levels are above what forests can useetaah.
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3.5.3 Forestsand Other Vegetation

Adverse effects may be indirectly related to aath,r like the acid's
effects on soil (as shown above) or high conceotrabf gaseous
precursors to acid rain. High altitude forestsespecially vulnerable as
they are often surrounded by clouds and fog whrehnaore acidic than
rain.

Other plants can also be damaged by acid rainHauetfect on food
crops is minimised by the application of lime amditifizers to replace
lost nutrients. In cultivated areas, limestone naso be added to
increase the ability of the soil to keep the pHolgabut this tactic is
largely unusable in the case of wilderness landsetWcalcium is
leached from the needles of red spruce, these beesme less cold-
tolerant and exhibit winter injury and even death.

The 1990 National Acid Precipitation AssessmentgRam (NAPAP)
report to Congress in the U.S. concluded there wasibstantial
evidence that acid deposition had caused the @eolfitrees other than
red spruce growing at high elevations. More receséarch shows that
acid deposition has contributed to the decline ed ispruce trees
throughout the eastern U.S. and sugar maple tneesnitral and western
Pennsylvania. Symptoms of tree decline include moown condition,
reduced tree growth, and unusually high levelsreé tmortality. Red
spruce and sugar maple are the species that hase the most
intensively studied.

3531 Red Spruce

Since the 1960s, more than half of large canopy sedice in the
Adirondack Mountains of New York and the Green Miaums of

Vermont and approximately one quarter of large pgned spruce in
the White Mountains of New Hampshire have diednBigant growth

declines and winter injury to red spruce have ba@eserved throughout
its range. Acid deposition is the major cause af spruce decline at
high elevations in the Northeast. Red spruce deatiocurs by both
direct and indirect effects of acid deposition. dgir effects include the
leaching of calcium from a tree’s leaves and nexedie., foliage),

whereas indirect effects refer to changes in theledying soil

chemistry.

Recent research suggests that the decline of redesys linked to the
leaching of calcium from cell membranes in sprueedes by acid rain,
mist or fog The loss of calcium renders the needles moreeptibte to

freezing damage, thereby reducing a tree’s toleréaméow _temperatures
and increasing the occurrence of winter injury asubsequent tree
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damage or death. In addition, elevated aluminunceoinations in the
soil may limit the ability of red spruce to take water and nutrients
through its roots. Water and nutrient deficiencias lower a tree’s
tolerance to other environmental stresses and cdrdime.

3532 Sugar Maple

The decline of sugar maple has been studied iedstern United States
since the 1950s. Extensive mortality among sugarplesa in
Pennsylvania appears to have resulted from deti®@srof base cations,
coupled with other stresses such as insect de@oliabr drought.
According to research studies, the probabilityhaf koss of sugar maple
crown vigor or the incidence of tree death incrdaea sites where
supplies of calcium and magnesium in the soil apichge were the
lowest and stress from insect defoliation and/@mudht was high. In
northwestern and north central Pennsylvania, swilshe upper slopes
of unglaciated sites contain low calcium and magmessupplies as a
result of more than half a million years of weathgrcombined with the
leaching of these elements by acid deposition. lexels of these base
cations can cause a nutrient imbalance and reducee& ability to
respond to stresses such as insect infestatiodrandht.

3.5.4 Human Health

Scientists have suggested direct links to humalttthdane particles, a
large fraction of which are formed from the samesegaas acid rain
(sulfur dioxide and nitrogen dioxide), have beeoveh to cause illness
and premature deaths such as cancer and otheseksea

3.5.5 Other Adver se Effects: Effect on Statues

Acid rain can also cause damage to certain buildimgierials and
historical monuments. This results when the sulf@cid in the rain
chemically reacts with the calcium compounds indtemes (limestone,
sandstone, marble and granite) to create gypsumchwimen flakes off.

CaCQ (s) + HSG, (ag)= CaSQ (aq) + CQ (g) + HO (I)

This result is also commonly seen on old gravestomeere the acid
rain can cause the inscription to become complellelyible. Acid rain
also causes an increased rate of oxidation for. ikbsibility is also
reduced by sulfate and nitrate aerosols and pestialthe atmosphere.
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3.6 Geographic Distribution of Acid Rain

Acidity in rain is measured by collecting samplésain and measuring
its pH. To find the distribution of rain acidity,eather conditions are
monitored and rain samples are collected at sitesvar the country.
The areas of greatest acidity (lowest pH valueg) lacated in the
Northeastern United States. This pattern of higtitycis caused by the
large number of cities, the dense population, d@ddoncentration of
power and industrial plants in the Northeast. Idigah, the prevailing
wind direction brings storms and pollution to thertthieast from the
Midwest, and dust from the soil and rocks in thetheastern United
States is less likely to neutralise acidity in tag.

Particularly badly affected places around the glabdude most of
Europe (particularly Scandinavia with many lakeshwacidic water
containing no life and many trees dead) many parthe United States
(states like New York are very badly affected) &dduth Western
Canada. Other affected areas include the SoutlreBasbast of China
and Taiwan.

3.7 Potential Problem Areasin the Future

Places like much of South Asia (Indonesia, Malaysma Thailand),
Western South Africa (the country), Southern Inail Sri Lanka and
even West Africa (countries like Ghana, Togo andexia) could all be
prone to acidic rainfall in the future.

3.8 Technical Solutiond Prevention of Acid Rain

In the United States, many coal-burning power glamse Flue gas
desulphurization (FGD) to remove sulfur-containigpgses from their
stack gases. An example of FGD is the wet scrusbéh is commonly
used in the U.S. and many other countries. A wetldier is basically a
reaction tower equipped with a fan that extractsdmoke stack gases
from a power plant into the tower. Lime or limestan slurry form is
also injected into the tower to mix with the stag&ses and combine
with the sulfur dioxide present. The calcium cardienof the limestone
produces pH-neutral calcium sulfate that is phyisicamoved from the
scrubber. That is, the scrubber turns sulfur pilitutinto industrial
sulfates.

In some areas the sulfates are sold to chemicapanms as gypsum
when the purity of calcium sulfate is high. In athethey are placed in
landfill. However, the effects of acid rain cantlé® generations, as the
effects of pH level change can stimulate the camtth leaching of
undesirable chemicals into otherwise pristine watairces, killing off
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vulnerable insect and fish species and blockingreffto restore native
life.

The use of automobile emissions control has beeh cam still be
employed to reduce emissions of nitrogen oxides fnaotor vehicles.

40 CONCLUSION

In this unit, we have examined the concept of agid as any other form
of precipitation that is unusually acidic. The brstal perspective of
acid rain, causes, processes, effects, and geagahmtistribution of
acid rain were equally examined. The potential [gnwbareas in the
future were identified. Technical solutions towargeseventing the
scourge of acid rain in the future as demonstratethe developed
world were not left untouched.

50 SUMMARY

In this unit, we have learnt that:

. acid rain is a term used to describe rain or anynfaf
precipitation that is unusually acidic

. acid rain is the deposition of wet or dry acidiengmnents

. acid rain is not pure acid falling from the sky hlmainfall or

atmospheric moisture that has been mixed with kments and
gases that have caused the moisture to become auigtie than

normal

) acid rain is uniquely human-related phenomenon meinly
caused by human activities

) acid rain can also be naturally induced when natmsissions
originate from wetlands and geologic sources

. acid rain has harmful effects on human health, tplasoil,
vegetations, aquatic animals, infrastructure, etc

) acid rain can be minimised technically.

6.0 TUTOR-MARKED ASSIGNMENT

1. Attempt a reasoned definition of acid rain. Disctiescauses and
effects of acid rain.

2. Write an essay on the processes and geographstabdtion of
acid rain. In what ways can acid rain be prevented?
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1.0 INTRODUCTION

Drought means different things to different peopléeir perspective
about “drought” depends on who they are and thd kinwork they do.

For instance, the farmers and ranchers are corctevith agricultural

drought, for example, an agricultural drought soathe type of drought
that worries people in the grocery and meat businegeople in farm
communities that depend indirectly on agriculturatome for their

livelihoods. Urban planners usually mean hydrolagidrought when

they talk about drought, because water suppliesrasdrves are key
components in managing urban growth. The most comusa of the

term “drought” refers to meteorological droughtcaese that is the
drought condition most familiar to the general pulaind the one most
easily identified.

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

define drought

discuss the causes of drought

identify the types of drought

describe the effects of drought and the mitigatr@asures.
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3.0 MAINCONTENT

3.1 What isDrought?

Drought is not purely a physical phenomenon thatlmadefined by the
weather. Rather, at its most essential level, droug defined by the
delicate balance between water supply and demandhdt sense,
drought is a process whereby human demands forrvexieeed the
natural availability of water. That is, a periodwhich a region has a
deficit in its water supplies. It is a normal fe&uwf climate which
happens in all climatic zones from time to timealmutshell, it is "the
deficiency of precipitation over a prolonged periodtime, usually a
season or more”.

3.2 Causesof Drought

Drought can be caused by too little precipitaticmn(and snow) over an
extended period, as most people assume, but dreaghalso be caused
by increased demand for the available supply oblesavater even
during periods of average or above average pradipit.

Another factor that can affect water supply is ange in water quality.
If some of the available water sources become cantted--either
temporarily or permanently--that decreases the Igupipusable water,
makes the balance between water supply and demaeed more
precarious, and increases the likelihood of drought

3.3 Typesof Drought

The various definitions of drought differ in themterpretation relative
to their impacts and must be region and impactipeBoth the natural
and social components of drought need to be betteerstood and
addressed in national, regional and internationalicy planning
(Abrams,1997). Wilhite and Glantz (1985) describeurf basic
categories or types of drought:

) Meteorological drought: A reduction in rainfall supply
compared with a specified average condition overesspecified
period; defined as a period during which less tlaamertain
amount (e.g. 70 per cent) of the normal precimtais received
over any large area for an extended period.

o Agricultural drought: A reduction in water availability below
the optimal level required by a crop during eadfedent growth
stage, resulting in impaired growth and reducedldgie
Agricultural drought relates to an imbalance in weger content
of the soil during the growing season, which altjioinfluenced
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by other variables such as the crop water requingntiee water-
holding capacity and degree of evaporation, is dmgely
dependent upon rainfall amount and distribution.

Hydrological drought: The impact of a reduction in
precipitation on natural and artificial surface asdbsurface
water resources. It occurs when there is substadéfcit in
surface runoff below normal conditions or when ¢hes a
depletion of groundwater supplies. Hydrologicaludybt reduces
the supply of water for irrigation, hydroelectricglower
generation, and other household and industrial. uses
Socio-economic drought: The impact of drought on human
activities, including both indirect and direct ing® This relates
to a meteorological anomaly or extreme event ansity and/or
duration outside the normal range of events takenaccount by
enterprises and public regulatory bodies in econod&cision-
making, thereby affecting production and the wigeosnomy.

Effects of Drought

Drought can have serious health, social, economilcpmlitical impacts
with far-reaching consequences (Table 9). The apresgces of drought
may include:
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Hunger and famine: Drought conditions often provide too
little water to support food crops, through eitheatural
precipitation or irrigation using reserve water [gigs. The same
problem affects grass and grain used to feed be&stand
poultry. When drought undermines or destroys foodrees,
people go hungry. When the drought is severe antirees over
a long period, famine may occur.

Thirst: All living things must have water to survive. péo
can live for weeks without food, but only a few dawyithout
water.

Wildfires. The low moisture and precipitation that often
characterise droughts can quickly create hazardonditions in
forests and across range lands, setting the staigeiltifires that
may cause injuries or deaths as well as extensamaade to
property and already shrinking food supplies.

Social conflict and war—When a precious commodity like
water is in short supply due to drought, and thek laf water
creates a corresponding lack of food, people vathpete—and
eventually fight and kill—to secure enough watestiovive.
Migration or relocation: In rural developing countries
population migration can begin when one area e®peés
drought because often people will go to areas wivater and its
benefits are more prevalent. This then depletes rthwiral
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new area,
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can create conflicts ngmo

neighboring populations, and takes workers awaymfrthe
original area. Over time, increased poverty andasamrest is

likely to develop

Table9: Impact of Drought

in Southern Africa

Primary impacts

Secondary impacts

SOCIAL

Disrupted distribution
water resources

C

Migration,  resettlement, conflic

between water users

Increased quest for water

Increased conflicts between water us

bEIS

Marginal lands becon

unsustainable

Poverty, unemployment

Reduced grazing quality a
crop yields

Overstocking; reduced quality of livin

g

Employment lay-offs

Reduced or no income

Increased food insecurity

Malnutrition and famine; civil strif
and conflict

Increased
concentrations

pollutal

Public health risks

Inequitable drought relief

Social unrest, distrust

Increased forest and rar
fires

Increased threat to human and ari
life

ma

Increased urbanization

Social pressure, reduced safety

ENVIRONMENTAL

Increased damage to natt
habitats

Loss of biodiversity

Reduced forest, crop, a
range land productivity

Reduced income and food shortages

Reduced water levels

Lower accessibility to water

Reduced cloud cover

Plant scorching

Increased
temperature

daytim

Increased fire hazard

Increased evapotranspirati

ICrop withering and dying

More dust and sandstorms

Increased soil erosion; ireased ai
pollution

Decreased soil productivity

Desertification and soil degradati
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(topsoil erosion)

Decreased water resourcep|Lack of water for feeding and drinking

Reduced water quality More waterborne diseases
ECONOMIC

Reduced business wj|Increased prices  for  farmil

retailers commodities

Food and energy shortagep|Drastic price increases; expens

imports/substitutes

Loss of crops for food ar] |[Increased expense of buying food, |

income of income

Reduction of livestoc||Sale of livestock at reduced mar

quality price

Water scarcity Increased transport costs

Loss of jobs, income ar |Deepening poverty; increas

property unemployment

Less income from touris||Increased capital shortfall
and recreation

Forced financial loans Increased debt; increased credit risk

financial institutions
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Source: Adapted from Vogel, Laing and Mon{iiR99).

Economic impacts: This are associated with agriculture and the
income generated from crops. In times of drougme, lack of
water can often cause a decline in crop yields, #nt a
reduction in income for farmers and an increaséha market
price of products since there is less to go arolma. prolonged
drought, unemployment of farmers and even retadars occur,
having a significant impact on the economy of theaaand those
with economic ties to it.

Environmental problems. Drought can result in insect
infestations and plant diseases, increased erosiabitat and
landscape degradation and a decrease in air qualighort-term
droughts, natural environments can often rebountiwben there
are long term droughts, plant and animal species si#fer
tremendously, and over time desertification canpleapwith an
extreme lack of moisture. Drought often createack lof clean
water for drinking, public sanitation and persohgfiene, which
can lead to a wide range of life-threatening diseas
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3.5 Drought Mitigation Measures

There are several mitigation measures that canskd to reduce the
impacts felt by drought. Some of these are:

. Soil conservation: By protecting soil, it is better able to absorb
precipitation, but it can also help farmers to usss water
because it is absorbed and not as much runs ofisdt creates
less water pollution by the pesticides and fesdil&z present in
most farm runoff.

. Water conservation: by water conservation, public water use is
regulated. This includes watering yards, washings cand
outdoor fixtures such as patio tables, and swimrpimgjs. Cities
such as Phoenix, Arizona and Las Vegas, Nevada hise
implemented the use of xeriscapadscaping to reduce the need
to water outdoor plants in dry environments. Iniadd, water
conservation devices like low-flow toilets, showeeads, and
washing machines can be required for use insidadhee.

Finally, desalination of seawater, water recyclingnd rainwater
harvesting are all things that are currently urdiarelopment to build on
existing water supplies and further reduce the otypaf drought in dry
climates. Whatever method is used, however, extensionitoring of

precipitation and water usage are the best wapsejpare for a drought,
inform the public on the problem, and implement sEmation

strategies.

3.6 Geographic Distribution of Drought

Droughts usually occur in hot dry areas of landmiost cases, the area
Is dry because there is very minimal rainfall. Tam that does fall will
be quickly absorbed into the ground or blown awgythe dry air flow
that moves along the ground. Therefore, the landery dry and not
many things can live there.

Major Droughts

Y ear Place Cause Destruction
1931 - 1938 Great Plains pSevere wind Cars, homes and
the USA storms dried outfarms destroyed

the land and blewin dust storms
the top layer of soil

away
1982 - 1983 Australia No rain for moré0% of
than one year Australian
sheep and cattle
died
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1972 - 1974 Africa Decreased RainfalThe  countries
financial
business  went
down

1976 Britain It did not rain fromWater rationing

June 1975 towas greatly

1~

September 1976.needed in the
Droughts are verylarger cities of
rare in England Britain

40 CONCLUSION

It can be concluded that holistic approach is esgential in drought
mitigation, while the following approaches shoulé& haken into
consideration:

. an effective early-warning system is invaluable faomely
implementation of drought mitigating and relief reeges, but
must be accompanied by adequate infrastructure for
implementation

o the severity of drought cannot be judged only fribie reduction
in total annual rainfall; the interseasonal disitibn is important,
especially for crops

o a rigorous definition of drought is needed in orttedistinguish
between impacts caused primarily by low rainfalld athose
exacerbated by poor land management.

Drought should not be viewed as merely a physitenpmenon or
natural event. Its impacts on society result frbwn interplay between a
natural event (less precipitation than expectediltiag from natural

climatic variability) and the demand people plage water supply.

Human beings often exacerbate the impact of droRgdent droughts
in both developing and developed countries anddkelting economic
and environmental impacts and personal hardshige baderscored
the vulnerability of all societies to this “naturalazard."”
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5.0 SUMMARY

In this unit, we have learnt that:

. drought is a normal feature of climate which hagpéem all
climatic zones
. drought can be caused by too little precipitativarcan extended

period and by increased demand for the availabjgplguof
usable water

o the major types of drought are meteorological, adtiral,
hydrological and socio-economic drought
. the major effects of drought are hunger and famitérst,

wildfires, social conflict and war, economic impsct
environmental problem and

) the mitigating measures of drought include soil awmdter
conservation, water recycling and rainwater hamgst

6.0 TUTOR-MARKED ASSIGNMENT

1. Define drought? Identify the major causes and thegation
option of drought.

2. What are the correlations between climate and drbug
Northern Nigeria?
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1.0 INTRODUCTION

Natural hazards and flood events are part of nailiney have always
existed and will continue to exist. A flood is avedlow of an expanse
of water that submerges land, a deluge. In theeseh¥lowing water”,
the word may also be applied to the inflow of titet Flooding may
result from the volume of water within a body oftem such as a river
or lake, exceeding the total capacity of its boumndsh the result that
some of the water flows or sits outside of the radrperimeter of the
body. It can also occur in rivers, when the strerajtthe river is so high
it flows out of the river channel, particularlylzénds or meanders. With
the exception of some floods generated by damr&iar landslides,
floods are climatological phenomena influenced hg geology, geo-
morphology, relief, soil, and vegetation conditioMeteorological and
hydrological processes can be fast or slow andpcaduce flash floods
or more predictable slow-developing floods, alskedariverine floods.

Since the start of history the world has been mdday natural disasters
(WMO, 1990a). Few regions seem to have escapedhtpact of one

extreme or another; fewer are likely to be frearfithem in the future. It
is important, of course, to recognise that an ex¢réatural event only
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becomes a natural disaster when it has an impabtuoran settlements
and activities. There is a strong social as well nasural science

component to natural disasters and while the evieisiselves cannot
be prevented, their disastrous consequences can b# reduced by
appropriate advance planning, the preparation afrgemcy measures
on the part of the community at risk. Floods aree @i the most

widespread and savage of natural disasters. Theybeadefined as

overflowing by water of the normal confines of aam or other body

of water, or the accumulation of water by drainager areas which are
not normally submerged (WMO, 1990b). On a largeerrigystem, a

flood may take several weeks or a month or morsuioside, but in

headwater regions and in small river systems, adflmay last for only a

few hours. These arash floodswhich are common in mountainous
areas and arid regions. The combination of stongesand river floods

is particularly hazardous for low-lying areas.

20 OBJECTIVES

At the end of this unit, you should be able to:
-define flood

-identify the causes of flood

-state the different types of flood and their tybieffect

3.0 MAINCONTENT
3.1 WhatisFlood?
3.2 Causesof Flood

Floods are caused by both natural and man-madersacHeavy
rainfalls like the ones experienced in Nigeria 894 are natural factors
which man cannot control. 1999 was another yeaurafsual heavy
rainfall in Nigeria which led to flooding in sevémaaces. Other natural
factors are: low-lying locations with a high wateble; hilly areas
where water flows at high speed; and areas wheterwiltration is
poor e.g. rocky or clayey soils. The man-made faatwclude:

. the cementing of extensive areas within cities Wwhimpedes
infiltration and leads to excess run-off
o deforestation which exposes the soil to erosion amuoff.

forests help rain water to infiltrate gently intbet ground, so
when it is removed, run-off develops

o haphazard constructions of dwellings in cities withregard to
town planning regulations. Some of such housesbaik on
flood plains or other areas liable to flood. Otharg built to
block the normal flow of channels of water
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3.3
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the dumping of refuse on river channels especiallities leads
to the narrowing of the channels thereby impedimg flow of
rivers. In an attempt to find alternative routd® tiver veers off,
causing flooding

weak dams constructed by unqualified or inexpesdnor
unscrupulous engineers often collapse; leading igasttous
floods.

ThePrincipal Typesof Floods

Riverine floods. This refers to the flooding of creeks due to
heavy monsoonal rain and high tide. It could beslow or fast
form. An example of slow kinds is when runoff frasustained
rainfall or rapid snow melt exceeds the capacityaofiver's
channel. Causes include heavy rains from monsduamsicanes
and tropical depressions, foreign winds and warm a#fecting
snow pack. An example of fast kinds is flash fleedulting from
e.g. intense thunderstorms.

Estuarine floods. This is commonly caused by a combination of
sea tidal surges caused by storm-force winds.

Coastal floods caused by severe sea storms, or as a result of
another hazard (e.g. tsunami or hurricane).

Catastrophic floods caused by a significant and unexpected
event e.g. dam breakage, or as a result of andidwesrd (e.g.
earthquake or volcanic eruption).

Muddy floods. A muddy flood is generated by runoff on
cropland.

Flash Floods. This is a type of flood that occurs in headwater
region and in small river systems. It may lastféw hours.

Others. Floods can occur if water accumulates across an
impermeable surface (e.g. from rainfall) and canrapidly
dissipate (i.e. gentle orientation or low evapati A series of
storms moving over the same area. Dam-building érsagan
flood low-lying urban and rural areas, often cagssignificant
damage.

Typical Effects of Flood
Primary Effects

Physical damage can range anywhere from bridgess, ca
buildings, sewer systems, roadways, canals and#mey type of
structure.

Casualties: People and livestock die due to drogvrincan also
lead to epidemics and diseases.
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3.4.2 Secondary Effects

o Water supplies. Flooding can lead to contaminatibwater. As
such, clean drinking water becomes scarce.
. Diseases- Unhygienic conditions. Spread of watenddiseases.

. Crops and food supplies- Shortage of food cropshmamiue to
loss of entire harvest.
o Trees - Non-tolerant species can die from suffocati

3.4.3 Tertiary/Long-Term Effects of Flood

o Economic hardship, due to: temporary decline inrisoo,
rebuilding costs, food shortage leading to priczease etc.

3.5 Trendsin Flood Impacts

3.5.1 Economic Impacts

Using data compiled by the National Weather Senfroen 1903 to

1993, Yen and Yen (1996) conclude that averagearitood damages
in the U.S. are $2.41 billion. They report thatyEar moving averages
of the data show an increase in losses over timeomstant dollars.
Their linear regression of the damage data showk1@% annual

increase in damage value. Pielke and Roger (19%6)&ysis of the
same data over a 25-year moving average reveaisikrs steadily

increasing trend in losses due to floods.

The Natural Hazards Center's (NHC) review of stalama records on
damage due to floods indicates between $19.5 a88 Billion (in 1994

dollars) of property was lost to floods during @@ year review. Seven
of those years had property damages exceeding $1Qdillion. The

most costly year was 1993 when floods damaged leet$8.3 and $33
billion of property. Not surprisingly, 1988, the stocostly year for
droughts, was the least costly year for floods.imyurl988, property
damages ranged from $30 to $300 million dollars.

In addition to these property losses, between &hd $81 billion
damage was done to crops. The trend line indidhteds an escalating
figure. Again, 1988 had the fewest crop losses tudlooding. By
adding property and crop losses together, a totsbime $27.6 billion to
$276 billion dollars in 1994 dollars were lost todds.
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3.5.2 Lossof Lifeand Injuries

In a study carried out in Colorado, USA, the numbledeaths per year
due to floods from 1975-1994 as reported in stoatadhows a trend
indicating a slight reduction in the number of dsatPielke and Roger
(1996) draw the same conclusion though also paihtlat a review of a
longer record of data over a moving 25-year pekedinning in 1927

suggests that the number of deaths due to floods Ibeen increasing in
the second half of the century. The U.S. Army CogbsEngineers

(1996) reported an average of 94 deaths per yeartailoods from

Fiscal Year 1986-95.

An important point noted by this study is that mdlopod deaths and
injuries occur in single catastrophic events. Baneple, the number of
deaths in 1976 is largely due to the Big Thompsamy©n, CO flash
flood that killed 156 people and the 1985 peakhigfty due to a flood
in Puerto Rico that killed 180 people. In contrabe 1993 Midwest
floods that affected millions of more people ovemach longer time
killed far fewer people than these flash floods.

3.5.3 Environmental | mpacts

Floods are naturally-occurring phenomena that aré @f the physical
and biological processes which have shaped oupmistiandscapes.
Smith claims that “More than any other environmeihi@zard, floods
bring benefits as well as losses.” He points egigdio the importance
of floods in maintaining ecosystem habitats and| deirtility.
Consideration of the negative impacts of floodstbhe environment
more often appraise the detrimental aspects of huatéempts to
manage flood-prone areas which, in turn, disruptrtatural flood cycle.
For example, the Federal Interagency Floodplain &dament Task
Force (FIFMTF) (1992) reports that human activitieave deeply
affected floodplains and the nature of flooding.tiites such as
drainage of wetlands and land clearance for farmingstream
development that replaces natural vegetation withed asphalt; and
construction of channels, levees, reservoirs changdlood cycle and
often result in increased runoff, destruction gbarian habitat, and
increased water pollution-all of which can be cdesed destructive to
the natural environment. However, systematic assests of the
environmental benefits and costs of flooding and é&mvironmental
benefits and costs of floodplain management prograshas not been
done.
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3.5.4 Indirect Impact

In addition to the impacts described above, floalde have an indirect
impact that disrupts society. As is the case fdrd@asters, these
impacts and their costs (or value) are not welluwdeented. However,
they include such things as business disruptionlessl of income, loss
in tax revenues, transportation delays, and sprefadliness--both

physical and mental. There is also the indirect aotpon other
government-funded programmes. Each tax money spentflood

response, relief, and recovery is money not spentother public-
funded programmes such as education.

3.6 Prevention of Floods

Today, there are many ways to help prevent and@ofbods. Flood-
control dams have been constructed throughout rigisioross rivers.
Dikes and levees are built alongside rivers to kdkpm from
overflowing during periods of high water. Canals aiso used to help
drain off extra water. Streams and rivers can bertkd to avoid highly
populated areas. Regulation of floodplain develapna@d urbanisation
would reduce flood losses. Prevention of soil enosilso helps control
flooding, which is why it is a good idea to planamy trees, treats slopes
and grads, and creates reservoirs to catch sedandrdebris.

Scientists continue to study lowland areas. Pebalee gradually filled
in wetlands to create land for roads, houses, d@iss.cAbout 200,000 to
400,000 acres of wetlands are lost in the UnitedeSteach year, but the
bottomlands, bogs, marshes, and swamps are veryahial in
preventing and controlling floods. The wetlands ldat giant sponges
that soak up huge amounts of water and let it fislowly. When these
areas are filled in and built over, floods are mdeely to occur.

In China, where most flooding occurs when the Yellor Yangtze

River overflows, people have tried to maintain cohtby building

higher levees, dredging, digging channels, andlimgldams. The work
has paid off, for progress in the last 50 yearsnseto have stopped
serious flooding from the Yellow River. However,ethiver, like a

sleeping dragon, may still overflow and cause miestruction.

Experts are also warning people not to build inhhipod risk areas.
However, many people continue to live next to tbhast, by rivers and
streams, or in the middle of wetlands. Ultimatggpple cannot control
nature. Tropical storms, hurricanes, thunderstorams] melting snow
will cause floods. People with homes in low-lyinigges, by rivers, or
in coastal regions are in danger of being wipedogutoods. In the past,
these disasters have caused millions of dollarstiwim damage. They
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have taken numerous lives. To survive, man needtedp and prepare
himself with the supplies and knowledge necessany durvival.
However, the following measures can be taken tammse floods:

o proper channelisation of rivers, especially thdseihg through
towns. This will help to divert the flow of riveesvay from areas
of potential danger

. construction of well-planned drainage systemswn This will
help to direct the flow of water along desired diiens
. a more effective control and regulation of buildicgnstructions

by town planning authorities. This will help to pemt houses
from being built to block natural route ways for terawithout
creating a desired alternative flow route

. areas prone to flooding e.g. low-lying areas amnerrivalleys
should be avoided in the construction of buildings

. only well-qualified and tested engineers should dvearded
contracts to construct dams

. the dumping of refuse along river valleys shouldobehibited to
avoid the river channel being blocked or narrowed

. embankments could be constructed to raise the baek. This
means that the river cannot easily overflow itsncie

o for areas that are prone to floods, studies shbelahtensified to

determine flooding regime. And adequate preparatsimould be
made against predicted floods

. too many drainage channels should not be allowedfdm into
any single stream so that such a stream is not-saygslied
leading to flooding

. improved hydro-meteorological forecast and earlyrnivey
should be put in place.

40 CONCLUSION

In this unit, we have examined the concept of flasdan overflow of an
expanse of water that submerges land, a deluge.héve equally
examined the causes, principal types, typical &fetends in flood
impacts, as well as the prevention/control measagest flood events.
And to minimise the adverse effects of floods omuownities and
people, a comprehensive flood management programmmeguired for
each newly proposed development zone. This medsgether with
river training structures will lead to a decreasesrosion and sediment
transport and certainly alleviate the flood proldess well.
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5.0

SUMMARY

In this unit, we have learnt that:

6.0

=

7.0

floods are caused by both natural and man-maderfact

flood effects can range from primary to tertiaryarg-term
effects

the major types of floods are riverine, estuaraoastal,
catastrophic, muddy, and flash floods

the major impacts of floods are, economic, lossf@fand
injuries and environmental impacts and

the mitigating measures of floods include publidigiienment,
improved hydro-meteorological forecast and earlynwag, land
use planning, etc.

TUTOR-MARKED ASSIGNMENT
Examine the concept of floodings-a-viscauses and effects.

In what ways can flooding be controlled, minimisedd/or
prevented?
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1.0 INTRODUCTION

In economic analysis of weather, problems relatlmgheasurement and
guantification are faced. The dynamic nature oftiveraand the fact that
the atmosphere is a common property resource n@akemic analysis
of weather rather difficult. Also, the relationskipetween weather and
economic activity are very complex, whether on Ipgagional or
national scale.

20 OBJECTIVES

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

. state the economic analysis of weather

) explain the complex relationships between weatlmer @dimate
and human economic activities

) discuss how to improve the social and economic amés of

weather-sensitive activities.
3.0 MAIN CONTENT
3.1 What is Econo-climate?
Econo-climate is simply the economic analysis ofather (Ayoade,
1993). It has to do with quantification and anaysf weather
information to determine its value or worth in econc terms. It is

equally concerned with how we can use our knowleofgeeather to
improve the economic and social outcomes of ourthegassensitive
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activities. The idea of economic analysis of weathgredicated on the
following notions. That:

o the atmosphere is an important natural resource
o its resource availability may be forecast
o given sufficient information about the atmospherel @ good

understanding of its interactions with human atiég, man can
use his management skill to improve the performaoteis
weather-sensitive activities and,

. as a resource, information about weather can becel to tools
of economic analysis such as input-output and lesefit
analyses to aid conscious management decisionsdvingothe
use or non-use of atmospheric resources.

The economic analyses of man’s adjustments to weatbnstitute

aspects of econo-climate. The type of adjustmeaopizd will no doubt

depend on the results of such thing as cost-beaeéilysis which must
have been carried out. The ultimate objective oheeclimate studies is
to assist man in using his management ability forove the social and
economic outcomes of his weather-sensitive aawitiThis is based on
the idea that adequate knowledge of the atmosaratats interactions
with human activities constitute an important reseu

The perception of the climatic environment playsmajor role in

economic decisions particularly where a high degifedsks is involved

as it is the case in agriculture and transportatiurt the perception of
climate may not be identical with the realitiescimate. It is better to
base decision on scientific analysis and prognais@imate rather than
human perception of climate. Such decisions willnf@re rational and
are more likely to be more beneficial than thosgeldeon perception.

Econo-climate based as it is on the concept ofatknas a resource that
can be used or misused underscores the importdradenatology as a
key component in our understanding of man’s physoaironment and
his interaction with this environment.

3.2 Econo-climatic Models

Econo-climatic models provide the analytical framekvfor examining

in economic terms the complex relationships betwesather and
climate and human economic activities. As notedviaunder (1970),

econo-climatic models are concerned with the secmromic aspects
of the atmosphere particularly the economic anslysi weather in

economic terms.
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The development of an econo-climatic or weather ehtiihges on the
satisfactory resolution of three related questidiese are:

o the determination of the weather attributes reguivg a given
economic activity in terms of the weather elemettisir amount,
frequency, timing, etc

. the assessment of the economic costs of variailongeather
parameters to a given economic activity
. development of a means of tracing and measuringnpact of a

given weather variation through the economic system

Furthermore, in developing any econo-climatic motlerefore, the
following problems have to be tackled:

. incompatibility of economic and climatic data. Eoomic data
usually relate to areas whereas climatic data eelat places.
Some form of transformation will be needed to miidestwo data
sets compatible

. lack of suitable economic indicator data on timalsdess than a
month. Most economic data refer to the financiary¢he quarter
or at best, the month. Economic data on weeklyly dai hourly
basis are usually not available whereas climati@ am those
time scale are available

. the lag between the time a given weather is agt@aperienced
and the time its impact is felt on economic proouct This lag
time varies with the nature of economic production

o the multivariate and complex nature of climate ghanomenon.
People and economic activities and production ofteact to
weather as a whole rather than to the individualathver
elements.

Various analytical techniques used by economistsntmlel the total
economy of any area may also be used in assessexgedonomic
impacts of weather and climate. These include Houput analysis,
simulation analysis, linear programming, cost-b#nahalysis and
regression analysis. The economic analysis of veeatan be done on
local, regional and international scales as evidettie extensive review
by Maunder (1970) on the subject.
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3.3 Application of Econo-climatic Models. Regression
Analysis

Regression analysis is perhaps the most commordy asalytical
model in the economic analysis of weather, paidulin looking at the
impact of weather on agricultural production. Sirsmveral climatic
variables are involved in explaining agriculturabguction, the multiple
regression analysis is the one that is used.

Crop vyield depends on several factors namely cimatoil and

management practices such as the application diliZers and/or

irrigation water. In order to evaluate the impalctiomate on crop yield,

all these other factors must be held constant. ifigidies that crop yield
data must come from farms located on the sameygml and subjected
to the same management practices. The strain pf gm@wvn must also
be of the same type as this can also influencel.yiehe type of data
described above can be obtained in two ways:

o one way is to have experimental plots that havenbee
continuously cropped over several years. This tuihg about
time series yield in which soil and soil managenmactices can
be regarded as constant

o the other way is to have crop yield data from salvéarms
located on similar soil types and managed the saayein terms
of fertilizer and irrigation water application. Bhwill yield a
spatial series data. Climatic data are similarlyawted to allow
the crop yields to be regressed on the climati@bées.

The climatic data must be for the growing seasorthef crop under
study not necessarily for the whole year. Usualhg period used
extends from two or three weeks before plantingtimharvesting time.
The step-wise regression analysis option is ofé@otred as it allows us
to know the relative importance of each of the alim variables we
include in our computation.

The regression model eventually obtained can bd e explaining
variations in the values of the dependent variaoléo estimate values
of the dependent variable given some values of itidependent
variables within statistically known margins ofatrlf the value of the
coefficient of determination (i.e. the square o thultiple correlation
coefficients) is very high, the model can be usadpirediction. In the
case of crop yield, this implies that crop yieldnclhe predicted in
advance of harvest using forecast values of thevaet meteorological
elements. Such a predictive model has obvious lmeefsi in agricultural
planning. If a bumper harvest is predicted, arramg@s can be made in
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advance regarding anticipated surplus whether porxXhem or store
them for use in future when adverse weather deesegeld. On the

other hand, if the predicted crop yield is poomaagements can be
made to meet the shortfall in demand for the paldiccrop through

importation. Such advance knowledge will also allb government to
intervene meaningfully in influencing commodity ¢es.

The usefulness of this kind of analysis is not tedito agriculture. It is
equally useful in other commercial activities sashretail trade, energy
consumption and industrial production. For instancdume of retail
trading in a particular good can be related tdcaitweather conditions
that affect its demand and influence the turn duslwppers. Such
relationship, if strong, can then be used to ptethe turn out of
shoppers as well as volume of sales. Energy consompusually
increases in temperate countries during cold weat8e the more
prolonged the cold weather, the more will be thenaled on electricity
particularly for heating. Since the winter perigdailso characterised by
longer nights, hence the need for lightning is mbgn during summer
with longer days. Electricity generating compamasst therefore show
more than a passing interest in weather in orddset@ble to plan to
meet the energy requirements of their customergrd?sion analysis
can thus be used to trace the impact of weath&tiars on agricultural
and non-agricultural aspects of the economy.

3.4 Other Econo-climatic Models

Apart from regression analysis, other analyticathteques used in
assessing the economic impacts of weather andteliana:

) input-output analysis
) simulation analysis
) linear programming
) benefit-cost analysis.

Input-output analysis is used to quantitatively Ilgsa the

interdependence of producing and consuming unit@arineconomy.
Once the linkages among various industries are knaws possible to
trace the impacts of a change in output of one stiguon other

industries in an economy. Variations in weather iegult in changes in
the production functions of various activities. Ehuinput-output
analysis can provide a useful means of identifyirigch activities may
gain or lose as a result of given weather variatiavhether natural or
man-made.

Simulation analysis can be used to examine thectsfief weather and
climate on economic activities and on the econmsystem as a whole.
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This is computer-based simulation which allows d#fiects of chosen
critical factors to be monitored. The use of suabdeis has increased
with advances in computer science and technology.

Linear programming is a mathematical technique usedetermine
optimal solutions to various kinds of allocationoplems. First, the
relationships between the relevant variables angressed in linear
mathematical form. These expressions with apprprizonstraints
constitute a set of equations having several swoigti The linear
programming technique is designed to identify dipalar combination
of variables which will produce the optimal resulthe application of
this technique to econo-climatic problems is sélhtively undeveloped
though promising.

Benefit-cost analysis allows us to weigh the magitalternative courses
of action by comparing potential benefits with puial costs. This
technique is particularly useful in evaluating wesat modification

activities or investment in weather forecastingnaather information.
Benefit-cost analysis can also be used to deterconeparative social
costs and benefits of several approaches of weatbdification.

The application of the various analytical technigu®iefly reviewed
above for evaluating weather, weather forecastingl aveather
modification are however fraught with problems oéasurement and
guantification.

40 CONCLUSION

From the on-going, the ultimate objective of ecafiorate model is to
assist man in using his management ability to iwm@rthe social and
economic outcomes of his weather-sensitive aatsjtwhich is based
on the idea that adequate knowledge of the atmosphed its

interactions with human activities constitute anpariant resource.
However, the application of econo-climatic modetl asther analytical

techniques for evaluating weather, weather for@masand weather
modification are, however, fraught with problemsnoéasurement and
guantification.

50 SUMMARY

In this unit you have leant that:

. the economic analyses of man’s adjustment to weathestitute
an aspect of econo-climate
o econo-climate is very important in management d@ass

involving use and non-use of atmospheric resources
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o econo-climate provides framework in economic terrios
examining the complex relationship between weadiner climate
and human activities

. applicability of econo-climatic model is not restad to
agricultural planning.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is econo-climate and how relevant is it in enstanding
man-climate relations?

2. Discuss the basis, principles and applications agine-climatic

models.

7.0 REFERENCESFURTHER READING

Ayoade, J.O. (1993)Applied Climatology Ibadan: University of
Ibadan. Pp. 114-1109.

Maunder, W.J. (1970 he Value of the Weathdrondon: Methuen.

87





