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'lntroductlon S e

'Thc ﬁrst step towards understandmg thc cnvu‘onment is knowmg the
* definition of the. environment. This 1nctudes recognizing the concept of the

environment, deﬁmng its limits and i sizes and identifying the types of . -
, envxronments in nature. The natural world where we all live on planet earth
is confined to a very thin sphere around the globe. This region is known as
the blosphere When observmg natuie at wark, naturalists have rucognized

distinct’ funcnonal units of lwmg orgamsms in the bloSphere The ccologlsts
| 'refer to ‘these functlonal umts as- ecosystems

1 1 Concept of the enwronment

Everyonc talks about the cnvxronmcnt But what do we teally mean whcn

we talk about the environment.? Referénce to dictionaries indicate different

meanings. According to Memam Webster (1974) the env1ronment is

defined in four different ways as given lqelow

. The environment is '

« the objects and circumstances by which one is surrounded

= the complex climatic, edaphic and biotic factors that act upon organisms
- or an ecological community and ultimately define its form and survival.

* an aggregation of social cultural conditions that’ mﬂucnce the life of- an .

+ individual or a community S

* an artistic or theoretical work that involves or cncompasses the

' spectator

* From the above, it is apparent that the meaning of the term environment is .
ambiguous and imprecise. It varies with c1rcumstances in which the
individual deﬁnmg it exists. - o

v’ '




{Qur enviconment and its components

'In very broad terms, we can say the environment of a living organism is
its “surronnding’. In general it-ronsidered to include the following:
¢ Life sypporting physical factors, like landscape moisture, temperature,
soil texture and the circumstance derlvmg from them llke the climate
and the fertility of soil.
* Biological factors arising from mteractlons with.other-organisms hke
- 'competxtxon predation etc.

However, in referring to the concept of environment, the general practice
has been to refer to it'in relation to man. Hence in addition io the life
supporting physical and b1olog1ca1 factors, the environment will include
social and cuitural norms set by human soc1ety

The concept ‘of the environment has changed over the years dependmg on
the' human perceptions and concern about environmental problems and
envn'onrnental quality. Human society has always accepted that the
' .env1ronment is critical for human life. In the years before- 1950s
~ environmiental problems were almost non existent. Hence fo people in those
days the environment ‘were the conditions at home: or in their work places.
" Inthe years thdt followed the’ circumstances under which humai society
'_ex1sted changed For eg. a series of catastrophes like Cc)ngemtal deformation

1 babies due o thal[domlde Torrey Canyon spilling of oil along France’s
p cturesque northern coast, death of fish and other organisms in thousands
in Swedish lakes due to long range air pollution (acid rain) from western
Europe, occurred. These together with the publication of Rache! Carson’s
Silent Spring and Garret Hardins’s Tragedy of commons led to fresh

e ncern about ‘the balance between human life and the environment in the
worId 0ver ‘

"By the end of 1960 the concept.of the environment among human 5001ety
.evolved to include the complex interactions between man’s activities and
_all components of the natural environment. People were considered as root
. causes . of problems related to destruction of wildlife, land and soil
* degradation;. water pollution etc. At the Stockholm conference on Human
and Environment in 1972, the state of the environment was reviewed and
" steps were taken to mitigate.pollution and destruction of natural resources.
A major step forward in this'direction was taken in 1984, when United
Nations Environmental program (UNEP) jointly with World Wide Fund for
Nature and the International Union for Conservation for Nature published
the “World Conservation Strategy”. This document was effectively a
prospectus for environmental conservation with a sharp focus on the need to
protect nature and natural resources. However the- strategy largely ignored

the question of development and the need for food and other resources for
humans.




Unit 1: Tnwroduction te the eavironment

In the 1980s poverty became a pamcular challenge as populatlon growth in
the developing world. In 1984 a leak from Union Carbide plant left 3000
people dead and 20,000 injured in Bhopal, India. In the same year up to one
million people starved to death in Ethiopia. In 1986, the. worlds worst
nuclear accident happened as a reactor at the Chernobyl nuclear plant
exploded in Ukraine, Republic of Soviet Union. Beside these, the British
researchers located a hole.in the ozone layer for the first time in 1985. They
also found and that species extinction was threatemng biodiversity.

With the above problems it was apparent that the environment was integral-
to the overall process of development. Attempts were made to integrate
environmental concerns with the economic growth and development. The
initial perception that-the environment was a constraint to economic activity
changed. People became aware that only by respecting theé functioning of
ecosystems that it is possible to promote economic development in a
-healthy and sustamable manner, This issue was partlcularly important for

: developmg natiorts, which. need to keep promoting economic activities in
order to 1mprove the llvmg standards of thelr people '

,_Thus, in keepmg w:th the above concerns, the concept of the env1ronment
' changed to include ecological, economic, aesthetic.and ethical concerns in
modern times. Solutions for environmental problems were based on
ecological, economic; aesthetic and-ethical knowledge related to the
problem. Attempts were made to promote. sustainable development in most
instances where natural resources were being exploited to meet the needs of
the people. i

Sustainable development is defined as the development that meets the .
needs of the present without limiting the potent1a1 to meet the needs of
future generations (World Commission on Environment and Dévelopment,
1087) UN conferénce on Envxronment and Development (Earth Summit)
held in Rio de Janeu‘tq, Brazil in 1992 endorsed the implementation of
sustainable development After the Summit, sustainable development took
“on a life of its own, forcing its way mto the deliberations of bodi€s ranging -
from city councils to mtemat:onal organizations.

At present there are three points on which there is general agreement with

regard to environment. . They are

» . the environment is a common concern to both industrial and developing
countries, although the problems resulting from poverty and affluence
are different.

¢ the solution of global environmental problems can only be achieved

* through international cooperation.

¢ - integration of economtc growth and environmental protection must be
done accordmg ) sustamable development approach
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1.2 leltS and sizes of the env:ronment

From the above descrlptlon the env1ronment is now con51dered a common
concemn in the world over. Then the question in our mind is, is it alwaysa
common concern? This leads us to identify the limits and sizes of the -
- envjronrient. '
It has been customary for us to define the hrmts and thereby the size of the
environment based on the extent the envxronmental problem i 1mpmges ‘on
-human society. ‘ .

. Hence, at one end is the mega - envifonment that surrounds the planet earth.”

We call it the global environment and includes the ozone layer and
phenomena-like global warming. Similarly, if we go down the scale we
could identify continerital env1ronment regional environment, community

. environment, local or micro environment. Fir eg, prevalence of Malaria in

- the tropics could be considered a regional environmental problem allowing -

us to.consider it on-a regional s¢ale. The extinction.of species due to. habitat

- change could be. considered on a local or micro level environment scale.
However lirits and sizes of the environment will vary with changes.in the
extent of the problem, Environmental problems identified as the- reglonal

. w111 become a global probIem in the years to come, eg HIV

1.3 Types of'Env}irohm'ents

. Identification of the lirnits and sizes of the environments allows us to
recognize different types of environment in nature.

) F-orl rinstance if you consider a fish living i in a natural pond its external
envirorment will be the water in the pond in which it primarily inhabits.
The water would tontain nutrients, oxygen and other organisms that the fish
require to sustain it’s life. As opposed to.the external environment, the body

' cavity within the figh provn:les an mternal environment quite separate from

. the utside enwronment The body ‘surfacé acts as 2n exchange barrier
. between'the internal‘and the externa] envrronment of the fish. The internal

efivironment is. 1e]at1vely stable as compared to the external environment,

However illness and i injury or even environmental stress can upset it, But

when the cause of the upset is removed the internal environment comes

back to its original condition. :

The pond in which the fish inhabits is a natural environment . The abiotic

factors of the porid, like light, temperature, depth, nutrients, dissolved gases

will provide the life supportmg chemical and physical factors for the fish.
The other living organisms inhabiting the pond, like bacteria, insects,
worms, molluscs, tadpoles, frogs, submerged vegetation etc could be food
for the fish or they could provide nutrients that dissolve in water on which

the fish depends upon indirectly. Examples of such natural environments on

land include, forests, grasslands, savannah, deserts, etc. In any one of these

natural environments, the climatic, physiological, edaphic and biotic factors

interact with each other and influence the form and life of a person or a
community,
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As you are aware such natural envrronments have been encroached by man -
to cultivate his crops and to construct industrial zones and cities. Hence we
could 1dent1fy_ yet another type of environment which is called the Man
made environment. In such environments man does not usually depend on
natural sources for his requirements for food, water and shelter. For
instance, in the city water is not taken directly from a stream like in a .
village. Water is filtered and purified and then'used for drinking and other

- purposes. The wasté water and garbage are not disposed off locally but are
carried for treatment or for dumping to remote places away from the city. .

1 .4 Significance of".the.erivironment for life

~Whatever the type of envrronment orgamsms mhablt they all need life
supporting elements for their survwal on earth These include air they
breath, food and water they take-in, and shelter either as natural enclosures
(like caves and treé holes) -or as. artificial dwellings (like houses).. -
Primarily all these elements are provided by the envrronment in the form of
-+ land, sorl vegetatxon ‘and- chmate )

-~

We make use of the land to culttvate our food and-commercral crops Soils

provide nutrients needed for the growth of plants. The land form determines

the soil types found in any one area and soil itself varies from place to place.
*Some soils are rich in nutrients and others are lacking i in them. Those soils .
s ',;_lackmg nutnents need the addition. of fertrhzer

".Vegetatron provrdes food for lrvmg orgamsms -and also shelter Vegetatron
. at-higher elevations on land acts like a sponge and.absorbs excess water
',prec1p1tatmg on land, They form the' dramage basin for rivers, Wthh

: provrde ‘water-for many living down stream. :
~ Climate and short term weather changes ‘are characterlzed mamly by wind, -
. temperature, pressure and rainfall and are détérmined by the propertres of
the atmosphere. Air in the atmosphere provides living organisms with
oxygen, without the which survival of most of the living organisms will be
threaténed. The dramatic climatic changes such as droughts cyclones,
. hurricanes, tomadoes and global warming will have massive impacts bn -
land, soil, vegetatlon and animals.

- ‘Because of the depe'ndence of man on natural components in the
environment they are called resources. There are different types of resources

‘that man depends on and they include both living and non-living natural

‘components. Non- metal elements, mmerals, air, water, solar energy, tidal

and wind power, plants, animals, micro- orgamsrns are few of the natural
resources.
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Many have tried to cla551fy fheése resources in various ways Foreg.,
IESOUIrces may be classified dependmg on their scarcity or abundance,
‘whether they are widespread or localized in occurrence and whether they are
renewable or non renewable. The most frequently adopted system is the last
cla331ﬁcatlom~here renewable resources:inglude those available at least in

. the human hfe nme, for eg. solar energy, tidal ‘energy and wind energy.
Comiparatively the most obvious examplés of rion renewable resources
include fossil fuels like coal, oil and gas. These materials are available in
limited quantity ‘and from thé human point of wiew are not renewable.
Between these examples of renewable and non'= renewable resources lie
other resources that are diffjcult to categonze These include plants,
animals; mlcro-orgamsms soil, minerals, air, water etc

" From the above description, you came to know about the concept- of the
environment, different types:of environments and about the significarice of

~ the env1ronment for life. Next we will ﬂnd out where these env1ronrnents

" exists on planet earth

Coen

N F 5 Concept of blosphere and ecosystem

'| Blosphere is part of the earth occupled by living orgamsm ThlS blOSth[’C is
! restricted to a very small zone around the earth. Since living organisms need
essential- elements for survival like air, water and land the biosphere
| includes parts-of the atmosphere hydrosphere and lithosphere. (Fig. 1.1). -
. When the concept of the biospliere was first proposed. it was considered to
be the earth’s integrated living'and non living life supporting system.

' Although it was proposed as early as 1920, it was onIy in the recent times

_ that it has been w1dely adopted and used. . :

The mtegrat:on of hv:ng orgamsms and the non Itvmg life supportmg
system mentioned.in the concept of the biosphere has occurred in many
. ways. For instance, the bxosphere has
L. hnked the lower atmosphere (trophosphere) w1th the hthosphere
. provnded a.vehicle for the’ transfer of chemicals via the bio-geochemical
ST gyeles, T
¢ played an important role in the water cycle.
o affécted rates and.patterns of weathermg within the hthosphere
® contnbuted to the global energy system.

" You w1ll come ¢ to kiiow more- about the above processes in later units, Here
we will outline variations that took place to the concept -of the biosphere,
since it was first proposed. -

Originally the concept of the blopshere was applied to the earth’s surface
where plants and animals made their home. In recent times the biosphere
has been: extended by Gaia hypothesis to include parts of the atmosphere

1
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"~ Fig. 1.1 Idealized scheme of. the biosphere
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+ For centuries scientists have viewed the earth and its environmental systems
as a sort of mechanical machine, driven by physical forces like volcanoes, -
rock weathering and the water cycle. It was'clear that organic activities
- played important role in some environmental systems, such as the
* biogeochemical cycles. However, quite tecently biological factors were
seen as.secondary-to physical and chemical ones. : '

A revolutionary new theory was put forward by James Lovelock in 1970s.

- -He called it the Gaia hypothesis, after the Greek Earth goddess. The theory

‘was revolutionary because it treated the earth as a single living organism, in-

+ which biological, chemical and physical factors all played important rles.
Lovelock argued that the earth’s living and nonliving systems form an_ -~

.inseparable whole, regulated and kept adapted for life by living organisms

. themselves. He sees Giia as a complex entity involving the earth’s . :

~ biosphere, atmosphere;, oceans and soil and constituting a feedback system:- -

. which seeks an optimal physical and chemical environment for life on this?,
planet. : ' : o S

. EVen_though Lovelock regarded the biosphere as a“‘single organism” (called

. @ super organism by some scientists), looking closely at plants and animals

-in the biosphere, Naturalists observed groups of plants and animals in the -
biosphere arranged in an orderly manner. -Two concepts emerged from their
observations which léd to the use of the term “ecosystern” to describe the
complex interactions between living organisms and their non living = -

Jsurroundings. _ T - '
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The first concept was that plants and animals formed a natural association,
each with distinctive members. Just like morphological data allowed
systematists to assign species to a hierarchy of taxonomic groups, detailed
studies of the ecological distributions of plants led to the classification of
biological communities. ' : '

The second concept was the realization that organisms are linked, both

- directly and indirectly-by means of their feeding relationships. - -
Arising from these, the concept of the ecosystem was formulated. Basically
an ecosystem, is the sum of all natural orgarisms and the nonliving life
supporting substances within an area. It was considered as an open system
with a series of major inputs and outputs and these effectively “drive” the
internal dynamics of the system. '

The ability to _recognizc'dist’incti've ecosystems in the.biosphere gave
ecologists a convenient scale with which to consider plants and animals and
their interaction. This is because it is more localized and thus more specific
than the whole biosphere. A varjety of natural ecosystems are found in the
biosphere and you will come to know about them and about their .~

~ components and their functioning in later units.

Summary - \
The concept of environment is-the surrounding of an organism, including -
its. life supporting physical and biological factors. In the context of man this -
concept includes the social and cultural norms set by the human society as
~owell. . AE '
- The limits and the sizé of the environment depend on the extent of
_environmental problem and this vary from the largest global environment to
smallest local or micro level environment. =~~~ . '
" The different types of environments inciude external environment, internal
énvironiment of an organism and the natural and man made environment in
which the species survive. : S - '
Biosphere is the region on earth where all living organisms survive. An
ecosystems is the basic functional unit in nature, defined by ecologists.
Ecologists help to understand the complex relationships between living
organisms and their surrounding. :

Objectives

After reading this unit you should-be able to . ‘

¢ OQutline how the concept of the environment has evolved over time.

» State the types of enviromﬁe‘pts and provide examples for the types
from your country. - S '

e Describe the concept of the biosphere.
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T ln_troducﬁorj

‘From the previous lessons you learnt that the environment is made up
basically of living and non-living components. The living component
includes flora, fauna and micro biota where as'the non-living component

" consists™of three spheres, namely Lithosphere, HydrOSphere, and.©. - 7

Atmosphere. = . - S IR

In, this lesson, you will study the stru.cthre__and_ composition of the Earth,
‘components of the lithosphere; properties of soil; types of soils |

- (classification of soil), soil biota and soil fertility and how all these have -
contributed to make a good quality soil. :

2.1 Structure and composition of the Earth

- The Earth may be divided into three zones, the crust, mantle and the core.
The crust represents less than. 1% of the earth’s total mass and only about
0.5% of its radius. It does not however, have a uniform thickness, varying .
from an average of about 35 Km in the continental regions t6 about 5-10Km -
under the oceans. The high points of crust.are continually being worn away
by the processes of weathering and erosion. The low points are being
infilled with the debris generated by these destructive processes. As this has
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been happening since the formation of the érust'bctwcen 39-45x109
years ago, one might expect it to be smooth and yet it is not. This is because

the crust is subjected to earth building processes that are -generated within
the planet. ' : -

The term tectonics refer to the major structural features of the crust and the -
processes that form them. According to the widely accepted theory of plate
" tectonics, the surface of the earth is divided into a series of esSential]y rigid
plates of lithosphere. The fact that the asthenosphere (soft region of the
mantle below lithosphere) can deform allows these plates to move gach
other. The plates meet at plate boundaries, three major types of which are
recognised: transform boundaries, divergent boundaries and convergent
‘boundaries. A transform boundary occurs when two plates'méve.along a-
transfrm fault without either moving apart or colliding, When plates move
- alternatively, divergent boundaries are formed. When two plates moving
towards one another meet, a convergent boundary is formed (Fig.2.1).

Hawe Plate

.o “\1/- -Asth Tt Plat: -
! Divergent buundarics _ . ' o 'V\ﬂhmmp_lmm

’ 8. Convergent boundary .

s

Plte
Plate Asthesasphere
- C. Transform [uls boupdary ' €

-

-

.

F igure 2.1: Different types of plate boundaries |
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Fig"tir-e 2.2;: The majer eompmr_:_e'nts of the Earth-

The thick, dense rocky matter that surrounds the core is called the mantle.
The mtantle covers the majority of the earth’s volume. This is basically
composed.of silicate rock rich in iron and magnesium. The mantle is less

* dense than the core but denser than the outer crust layer (Fig.2. 2)

irThe most 1nter1or region of the earth is referred to as. earth’s core and is

divided into.outer and inner core. The'i inner core area is sohd and rich in
-iron and the outer core consists of ]1qu1d iron at a temperature of 2500°C.

11
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Eig'ure 2.3: Three dimensional view of the lif_hospheré

' --'I‘hc crust and the upper part of: the mantle form a cohcrcnt solid layer
_ known as. the llthosphere (Fig.2.3).

'5_2.2_-C_ompon'ents of the LithOSphere '

The lithosphere is divided into the lithosphere plates that constitute earth’s
. outer surface. There are about seven or eight large plates and many small

ones. The interactions occurring at plate boundaries are responsible for the

* production and destruction of oceanic crust, the rifting and collision of
continents and the formation of mountains, volcanoes and earthquakes.
The basic 11thosphcre components of the earth are rocks sedlments and

- soils.

Rocks

The non-living, naturally occurring solid materials that form the crust are
called rocks. Rocks a_re‘consolidatéd. units of the earth’s crust made of

12




Unit 2: Lithosphere

mlnerals Rocks are the parent material from which scdxments and soils are
developed.

There are three types of rocks.
L. Igneous rocks
II. Sedtmentaty rocks-
_I_II;Metamorphic rocks

Igneous rocks are formed by the solidification of molten rock material
called magma that has its osigin in the mantle or in thie Jower part of the
crust. Such rocks are made up of interlocking crystalline minerals with few
voids. As a result; they are generally impervious and show con51derab1e
mechanical strength. oo
Sedlmentary rocks are formed by hardening of sed:ments obtamed inone
or rnore of the following ways;

~ = from the fragments produced dnrmg weathermg

- as a result of dissolved material
. - as.a consequence of btologtcz_il activities

'éedim‘entary rocks that form from the solid debris of erosion and weathering
are said to be elastic.rocks; other sedimentary_rocks are non-elastic.
Metamorphic rocks are formed by the alteration of existing rocks by the
.action of extreme heat and/or pressure and/or permeating hot gases or
liquids. The action of heat alone causes thermal metamorphism.

The rocks undergo weathering. Weathering occurs by the interaction of .
physical processes, chemical processes and the biological processes. During
physical weathering, large rock fragments are broken'into smaller pieces a

" solely mechanical process. These physical processes are usnally -

~ accompanied by chemical processes, which produce changes in the nature.
-and.the composition of rcks. The chemical processes.take p]ace mainly on
. the surface of the rock essentially in the presence of water. Therefore, the
.intensity of chemical weathering is more in'tropics than in temperate '
countries. The hvmg organisms largely-contribute for further decomposition
of rocks. They secrete various kinds of exudates which help for the solutjon
of rocks. All these biological processes require water and activities of livin g
organisms are totally dependent on the availability of water. However the
end result of all these is the formation of soil and sediments. '

Sedlments

Sediments are the substances that are deposited aftcr transportatlon which

may or may not be altered by weathering. When sediments are hardened

into rock like formations such as limestone, sandstone, they are called

sedimentary rocks (as'explained earlier). When they are not hardened, they
| w111 remain as sediments. | :

13
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-,

There are basically four agents that are responsible for transporting material

from one place to another. These agents are wind, water, ice and gravity.

Wind action iscapable. of shifting material. Wind moved material may be

grains or sand of variable sizes that could collect in low swell or steep :
slopes-forming sand dunes. Wind can also shift volcanic ash and soils may' =~ -
be formed from the break down of those materials. These soils are of little
agricultural importance.

Sedimentstha't have been transported by flowing watér can be deposited in
the bottom of streams, lakes, rivers and oceans. With the flow of water, lot

of nutrients is also carried by the sediments and therefore these sedlments
~arerich n nutrrents

In the polar region of earth, snow accum.ulates and the pressure fromits
weight changes snow to ice. Durmg summer, the-ice melts and the water N
flowing from the melting ice carries the sediments. These sediments fi inally
‘build up and form natural parent material from which soil | may develop.
Fragments of:rock debris detached from heights above and carried down the
slopes to be deposrted at-the base of hill due to gravity may also be the .

parent material for the development of soils. These: deposits are not of great

“agricultural 1mportauce because of their unfavuurable physical and chemical
characterrstlcs

Soils +

. Soils are of different types with varying physical and chemical
characreristics; e.g. sandy 50il, clayey soil, saline soil, acidic soil, soil rich in _
mineral nutrients. All these characteristics affect the plants that grow on it
.and are important.in determmmg the use-to which the land could be used.
Mmeral soils consist-of four major components; namely mineral matter,
organic-matter; water and air. 'For a soil that shows optimum conditions, the *
normal dlstubutlon of above components are glven below in (Fig. 2.4)

AR
(25%)

——————

o'}'aes;»:.c
. o
" Figure 2.4: The normal distribution of four major eomponents in

mineral soil
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r

Mineral matter is received by weathering of recks and minerals. These
particles are very important in mamtammg proper soil structure, and
porosity. In addition these partxcles provide some nutritional requirements
as well. Soil organic maiter is an accumulation of partlally decayed and
partially synthesized plant and ammal residues. The organic matter is very
important as a source of nutrients for plants and soil organisms, as a soil
structural manipulator and as a storehouse for water. Humus is also a part of
the organic. matter, In bncf soil organic matter controls chemical, physical .
and bxologlcal properties of soil and thereby, helps in better plant growth. .
Soil water is held within soil pores with varying degrees of tenacity
- depending on the amount of water present. The water is used by plants for
“various raetabolic activities and to maintain rigidity. In addition, water acts
as a solvent in soil to make soil solution which is the medium for various
ions in soil. Soil air is.also an important constltuent in the soil environment.
It helps to have .good soil structure and provides necessary air for resplratlon
of soil organisms and roots. The content and composition of soil air differs
from the airin the atmosphcrc Soil air is present in soil pores and not
. continuous. Soil air is generally more humid and CO, content is higher(O
content is lower than the normal aJr) Soil water is the factor which
-+ determinés-the content of soil air. '

Soil is considered a5 a blologlcal laboratory with a multitude of lwmg
organisms. Every type-of natural soil has a varied populatlon of Living -
organisms both plarnts and animal in nature. They vary in size ranging from
large rodents, worms and insects to minute bacteria. The activities of soil
organisms range from largely physical disintegration of plant residues by
insects and worms to ttie complete decomposition of these residues by '
smaller organisms such as bacteria and fungi. These are the processes which
‘release several of the- essential elements from organic cornbinations to the
soil. 'The soil organisms are therefore involved in a continuous turnover of
organic material including humus :

Natural soil is-not a-simple- substance Soil is a complcx component derived |
from rocks and minerals and comprises of rock fragments, mineral matter,
organic debris, water, air and living organisms in different quantities. To
understand the complex nature of soil, let us examine the features of a soil
profile.(Fig:2.5) Soil profile is a downward section through the topmost
layer of the soil exhlbmng its horizontal layers

Soil formation depends on the characterlstlcs of the parent rock the climate,
. time, topography-and the vegetation. Due to the changes of these factors,
different soils are formed in different environments, Soil is the base for
“plant growth and it also provides necessary nutrients.

Soils show different characteristics such as texture (sandy, clay etc.),
structure (arrangement of soil particles), colour, consistence {condition.of
soil with varying quantities of water) and porosity. These are very important

PGD-ESD-04(24) -
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in using soil for various puiposes. These characteristics will be discussed in
detail later. ‘

Soil as an abiotic component in the environment provides nutrients to
plants., It has billions of micro and macro organisms and they interact with
 the abiotic components of soil and make it a living environment. As a result.
of these interactions, two important processés; decomposition and
mineralization take place in the soil environment. Without these processes,

life could not survive on this earth as most of our resources are limited in
the environment. '

O horizon
A hariron

B hariron

C harizon : -

" Bedrock

Ld

Figure 2.5: The Typical Soil proﬁle

Therefore, cycling of these materials is very essential for the survival of-life
on earth. The soil acts as a medium for life, It provides the base for -

" anchorage of plants, necessary moisture air and required nutrients for plant
growth. ‘ ' '

PGD-ESD-04(2B) i
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I

2.3 Properties of soil

We learnt that soil is made up of particles and organic matter having a net
work of channels filled with air and water. Therefore, a mineral soil is a porous
mixture of inorganic patticles, decaying organic matter, air-and - water.
However, as discussed earlier soi] is not homogeneous because the individual

~ soil particles are typically clustered together in the form of aggregates which
vary widely in size, ' : S

Erom the point of view of ¢rop production soil quality is determined by the -
degree of its fertility. In.other words, a good quality soil is a fertile soj]. A
fertile soi! is a soil in which plants grow well and produce a satisfactory yield.
"~ Soil fertility or soil quality in relation to crop growth is determined mainly by

its physical, chemical‘and biolegical properties. Somie properties may
influence soil quality o a greater extent than others. .

The variable com'position of soil constituents gives ‘r_iSe'tp-‘c'e‘l"t'ain pﬁysica]

.+ . “properties. These.are of vital importance to.man to gauge its suitability for

various purposes such as how easily a farmer is able to dig or plough his
- fields; whether it is dry or moist: how a clod of soil looks like when-crushed: by
. hand; whether the soil in a field is a hard pliable mass or a loose pliable one..
All these factors are determined by the physical properties of the soil. The:
rigidity and supporting power the soil can offer to plants, the moisture storage
capacity, the degree of-drainage, the ease of penetration by roots, the degree of
aeration and the retention of plant nutrients, are all intimately connected with

Al-large 'hhrriber'qf chemical pro;fJerfies also-inﬁuen't:e soil quality. Scme
chemical properties such as PH, electrical conductivity, cation exchange
capacity and base saturation play a major role in deciding fertility of soil. -

Thus, for a'soil to be in good quality, its physical, chemical and biological
properties should be at satisfactory levels. Therefore, awareness about 50i]
. properties would be of immense use for a farmer to decide his associations .
with soil. To get a complete picture about lithosphere, properties of soil will
be an important part. '
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2.3.1 Physwal propertres of soil

Let us now learn about the properties of soil beginning with physical
properues There are about elght physical propertles and you will study all of )
them in this:session.

1. Sail colour

The colour of soil is a very. apparent feature. It is perhaps not one of the

most 1mportant properties of soil, but it gives an indication of the nature of

the soil, and is thus of service to bdth farmers and soil scientits. Organic

matter content, drainage conditions and aeration are soil propemes related o
~ colour, which are of interest to farmers

‘ Some farmers associate the dark brown and black soils with a high level of
' fertxllty The dark colours are usually due to high contents of humus or
~organic matter-in the soil. If soils are poorly drained, there is usually a

~ greater accumulation of organic matter in the surface layers, thus glvmg ita
very dark colour. The lower soil layers, which contain very little organic
matter on the other hand,,are of a light grey-colour 1nd1cat1ng the poorly
drained conditioned. Dark colour need not always be a sign of high

fertility. : :
Generally, in temperate (cool) climates, dark coloured soils are relatively
higher in organic matter than light-coloured soils. In well-drained soils, the
colours usually range from very pale brown, through intermediate browns,
to very dark brown or black with the increase in organic matter. The most
stable part of the decomposed orgamc ‘matter is humus which is darker than
less well decomposed plant remains. As organic matter is neither all of the
same colour nor:the only colouring material in soil, soil eolour by itself is
not-an exact measure of this-important constituent, Well-drained soils
Ahaving high content of organic matter are browner and less black under
tropical enviroriments compared to those under cool conditions. Yet, the
dark-clays of the troprcs which mclude some of the blackest soils of the -
world, seldom contain as much as 3% organic matter. Dark- coloured: soils
low in organic matter may contain compounds of.iron and humus, elemental
carbon and compounds of manganese.

Sorls high in organic matter conten under tropical conditions are browner
and less black, than those having high organic matter under temperate
conditions. The very dark clayey soil abundant in the tropics are not very
high in organic content, but are.dark due to compounds of iron, elemental
carbon and manganese, in addition to humus.

The red colour of a soil is due to the presence of iron compounds, usually
unhydrated iron oxides. It has been found that partly hydrated iron oxides
and manganese dioxides also contribute to the red colour. Since unhydrated
ifon oxides are relatively unstable under moist conditions and cannot exist

in| poorly dfained soil, red colour usually indicates good drainage and’
agration. Well-developed red coloration mdlcates that such soils are

l
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relatively old or at least that the soil material has been subjcc_ted'to'felatively
intense weathering for a long period. :

The yellow colour is also largely due to hydrated iron oxides. Very often
yellow soils develop under imperfect drainage conditions. Yellow colour in ‘
deeper horizons usually indicates a somewhat more moist soil climate than
red colours, Other factors being the same, yellow colour is more common
than red colour in regions of high humidity. Well drained yellow soils owe -
their colour to the fact that small amounts-of organic matter and other
colouring material such as.iron oxides are mixed up with large arhounts of
whitish sand. ‘ ' : . ‘

The brownish colour of a soil would be mainly due to the presence of less
ferro-magriesium or irpn bearing minerals.in the parent material. On the

* other*hand, brownish colour could result in soils containing relatively large
amounts qf iron oxides, including organic matter. Brown colour als_cj could
-mean a very young and immature soil. - ' '

and other clay minerals, CaCOs, gypsum, various salt and compounds of

- ferrous ions: Light colours or white alsorindicate a very low contént of
organic matter and iron in the soils. In arid and semi-arid areas, soil may be
white or nearly white because of the very high content of CaCOs;, gypsum or
other salts. The failure of the light-coloured soils to accumulate organic
malter usually indicates an environment unfavourable for plant growth and
the existence of microorganisms. '

- Gray or whitish soils result from several substances namely, quartz, kaolin '

The red colour of a soil is mostly due to the presence of uﬁ__hydrated iron
‘oxides, while the yellow colour is due to the presence of hydrated iron

- oxides. Brownish colour is'mainly due to large amounts of iron oxides and
+ organic matter. Younger soils are also very often brown in colour. -

2, Mechanical analysis of soil

If you make a closer observation of a soil sample, you will realise that it is
composed of a variable mixture of large pebbles and stones, coarse sand,
fine sand, something resembling flour (silt); lumps or clods of varyihg sizes
‘which are actually also clusters of soil particles (slay), plant roots, a dark
‘substance spread throughout the soil mass, which is universally called _
humus, dried leaves and twigs, and organisms such as ants, earthworms or
insects. Not all of these substances are properly a part of soil in a physical
sense. Only the mineral matter and other particles which are less. than
two millimetres (2mm) in diameter are considered as soil. '
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Activity 1

What is the reason for choosing soil particles with diameter less than 2-mm for.
experiments, conducted inthe lab?

- The latter is now consistent with the International Systems, but makes more

It has been customary to-describe soils in terms of the proportions of
particles of different sizes that they contain. This basis of characterisation
developed because particle size is an obvious characteristic and is also
related to soil behaviour and plant response. Particle size alone has no .
known’ dlrect effect other than that of the mechamcal impediment offered by

large stones that deflect the passage of roots or prevent the vertical -
~ emergence and growth of aerial parts. However, particle size influences soil
- characteristics indirectly, by. affecting the porosity, drainage, aeration,

cons:stcnce CtC

. Al hough the nature and propcmcs of coarse and fine soﬂ pamcles dlffer
‘considerably; there is no sharp natural division of any kind at any particular
- size. For purposes of experimentation and classification, however, some

arbitrary boundaries have been established. Two systems are commonly
used.

'l The International System, and _
2  The Scheme used by the U.S. Department of Agriculture.

RN r

separations (Thble 1). The word soil separétes is preferred to soil particles

. at this stage to accommodate the fact that some of the separations are not of
. partxcle nature, :

2 ¢
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A
Table 2.1 - Size hmlts of sml separates from two schemes of analysis
(Adapted from U.S. Department of Agrlculture handbook no. 18. - Soil -
Manual 1952)

1.1.’1 ""UtS.Dept.'Agri.Scheme ‘ 1.1.2 _international scheme v

Nameof. . diameter(range) Name of diameter(range) '
separate (mm). _ sepa’rate (mm) '

' . VoL . ’ .
"Verycoarse sand .2.0-1.0. Coarse sand () 2.0-02
_Coarsesand _ Lo ",‘0‘5 ”Fi,ne sand (II) T 02-002
Mediumsand 05025 - N
Finesamd.  02s-040 | Sl @@ . 002-0002
Veryfinesand . 0.10-005 - Clay (IV). ~ Below 0.002

sile . 005-0.002° | | |
Clay = - Below 0.002

The mechamcal composmon of a soil is the "weight percentage of the

" mineral matter that occurs in each of two or more specified size fractions".
Usually, the soil is sepdrated into at least three size fractions; namely: sand,
silt and clay. The process by which the mechanical composmon is
determined, is known as mechanical analy51s

- - 3 éoil tektUré _

The proportlon in whlch sand, silt and clay. occur together in any soil will
determine the “feel' of the soil, or more correctly, the texture of the soil. It
refers to. the fineness or coarseness-of the soil. More specifically, soil
texture is the relative proportions of different size groups or separates.
The rate and extert of many important physical and chemical processes '
which occur in soils, are governed by texture, because it determines the
amount of surface onwhich the reactions can occur. In the laboratory, the
texture of a soil is determinad by ihe process of mechanical analysis which
we learnt about earlier. In-the field, the texture is determined by the feel of
‘the moist soil when rubbed between the thumb and forefinger. Any one of
- us should be able to dlstmgulsh between a sandy, a loamy or a clayey soil
-according to the feel we experience when rubbing the moistened soil.”
between our fingers. The sand part1cles are gritty. The silt has a floury or
talcum-powder feel when-dry, and is only moderately plastic and sticky
when wet. Persistent cloudiness and stickiness is generally imparted by clay.
The soil scientist, however, has {0 more précious-yse more precious terms
that describe texture more accurately. For this purpose, several basic soil-
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e — e e e

textural classes have been developed based on the praportions of sand, silt
afid clgy in the soils which convey some indication of their physical
properties, The lass names have originated through several decades of soil
* study and classifleation, Three broad, yet fundamental greups of seils are
 recegnised: o ‘ -

- 1  Sends
. 2 Losms

3 Cleys

Sants - The sand group iucludes alf solls in Wlshthe smad separatis make

+ up 70% or more of material by weight. T |
Egams - Loams dre mixtures of sand, ¢ mrd clay in about equal
propogtions. o

Clays - A soil-that has at least 35 - 468of the clay separate.

‘Within each of these three main groups, % number of additional classes have
been recognised (Fig.2.6). © - : S '

2.




SOIL TEXTURAL CLASSES

Unit 2: | ichasphere

I LIS || A
' SAND SANDY LOAM LOAM - - CLAY
> 85% sand > 50% sand 7-27% clay > 40% clay
9-10% clay 1< 50% silt 28-58% silt < 45% sagd
1-12% silt < 20% clay - < 25% sand < 40% silt
LOAMY SAND
70-85% sand
0-15% clay. . .
0-30% silt .| fine sandy loam - SILT SANDY CLAY
o licht Sar 9 ioam”. - >B0% silt” 20-35% clay
. [ fontsandy loam " < 12% claj < 28% silt
. heavy sandy loam : > 48% sand
..SILT LOAM' ) - CLAY LOAM
>50% st 27-40% clay .
12-27% clay 20-45% sand’
or 15-55% silf
- 50-80% silt
< 12% clay |
SILTY CLAY LOAM
: 27-40% clay
< 20% sand
sswTvcLay | [T 6%@ -
> 40% clay
~ | > 40% sitt
. SANDY CLAY
> 35% clay
. > 45% sand

o

I‘lgure 2.6: Percentages of sand s:lt and clay in the prmcnple textural

classes of soil.

Activity 2

¥

M

Determme the texture of your home garden soil and Gompare it wnth that of

' your nelghbou:’s soﬂ Comment of the differences.
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One point has to be clearly understood in assigning soils to different classes.
The soils are designated to soil classes. and named according to the
separate or separates which contribute most to their characteristics.

This does not mean that a class is necessarily narhed after the separate

which is present in the largest quantity. It takes a very large quantity of the
coarser particles to exert as much influence on soil properties as a

comparatively small quantity of the finest particle, clay. Clay is the most -
potent separate in imparting its properties to a. mixture of separates, and

hence the adjective clay is added to the class names of many soils which

contain a higher percentage of the other separates than they do of clay.

4. Soil structure -

. . s
'Thé term_texture refers {o-the relative proportion of individual particles in a
soil mass, but when the arrangement of the particle i is being considered,
.the term sfructure is-used. In other words, soil structure describes the
 apgregation of primary soil particles (sand, silt and clay) into compound
particles,.or clusters of primary particles.

‘Soil'structure obviously modifies and influences texture in.regard to ,
moisture and air relationships, availability of plant nutrients, action of
microorganisms and plant growth. It is at once apparent that soil conditions

. and-characteristics such as water movement, aeration, bulk density and

_ 0r051ty, will be much influenced by structure. In fact, the important

physwal changes 1mposed by the farmer in ploughing, cultivating, draining,
' hmmg and manur .ng hlS land are structural rather than textural.

In’ a sox]-proﬁle you may find that the profile is dominated by a single :
sltrL.ctural pattern. However, more ofter, a number of types of aggregations -
" are encountered as one moves from homon to horizon. We shall return to
-this aspect later.
- The structural forms of soil that have been developed from one or both of
* two possible non-structural forms are
I single-grained, and
"~ 2 massive.

If each particle in a soil functions as an individual without attachmcnt to any

other particle, then this cogdition is called smgle-gramed Loose sand is a

good example of this type.'Some of the particles in many soils exist in this

single-grained condition, but to find all the partxcles so functioning is

unusual, The binding influence of organic matfer often modifies this original

form by building up weak. aggregatlons If the colloidal material (such as.

clay) in the soil i$ considerable, it makes the soil denser and upon drying, it

forms very large, 1rreguiar and featureless clods. This condition is called

-massive. When this-soil is too moist; the- ccmcntmg material of the .
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aggregation is so soft that the aggregates are destroyed. The partlclcs readlly
slide over one another, smaller ones slipping in between larger ones to ..
create a comnpact mass dominated by a massive condluon The soil is then .
said to be puddled.

!

Activity 3

'Define.th‘e term soil structure,

These two extremes are the theoretical boundaries of the eight structural
types commonly recognised in soil profiles, These are described as platy,
laminar, columnar, prismatic, blocky, nut-like, granular and crumb; A
brief descnpuon of each of these structural types and a schematic drawing is
given below (Fig.2.7). For convenience most soil text-books consider these
eight as sub-types of four primary types of structure, namely: plate-like,
prlsm -like, block—hke and sphermdal

Activity 4

List the major structural iypes of soil and explain their main charactefistics.

columnar L ' prismatic

] A ’ - .
5O BBece.
nut-like granular or crumb

(sub angular blocky)

Figure 2.7: Dlagrammatlc representatwn of various sml structural
types
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5. Soil consistence

An important physical property of soil that should receive our attention is

" soil consistence. This is a term used to describe the-physical condition of a .

soil at.various moisture contents as evidenced by the behaviour of that soil
towards mechanical stresses or rnampulatlons Although consistence and
structire are inter-related, structure deals with the shape, size.and deﬁmtlon
of natural aggregates that result from variations in the forces of attraction
within a soil mass, whereas consistence deals with the strength and -
nature of such forces themselves, as influenced by sqil moisture. Terms
that are commonly used to describe soil consistence are as follows: loose,
friable, firm, soft, harsh, plastic and sticky. These and other terms for
consistence are used to describe soil consistence under three standard

_moisture contents dry, moist and wet.

The consistence of soil material when dry is characterised by resistance to

- pressure, a tendency to crush to powcller or to-fragments and an mablhty to-. -

cohere again when pressed together.” A

" Consistence when wet is usually measured wuth very moist 5011 or sllghtly

: above “field capacny

Con51stence when moist is determined at a moisture content approximately
midway between air-dry-and field capacity. At this moisture content, most

'soil material may exhibit a form of consistence characterised by a tendency

to break into smaller masses rather than into powder.

-Activity 5

What is the main difference between soil structure and soil consistence?

_ 6. Soil Porosily -

The portion of a given volume of soil, which is not filled with solid matter,
1s termed pore space. This obviously depends on both the texture and,
structure of the soil and also on the shape of the particles. A high content of
organic matter leads to much pore space. In soils containing little siit'and

. clay, the total amount of pore space is small, even though the individual

spaces are large. In soils containing a high proportion of siit and clay, the .
relative volume occupied by pores is large, and if these soils are well
aggregated, the total volume of pore space may be.equal to or even greater
than that occupied by the solid particles. This is because space exists not
only between soil grains, but also between aggregates. Therefore, medium-

-textured soils high in organic matter and porous aggregates have a higher

pore space per unit volume than sandy soils. We shall return to thls aspect a
little later.

26




- ’ S . Unit 2: Lithosphere

The amount of pore space in a soil is expressed as a percentage of the total

- soil volume. The term‘porosity refers to the total pore space in asoil
rather than to the. size of the 1nd1v1dual pores.

.Pore spaces are important because they contain air and mo:sture Air and
moisture play just as much a part in the crop-producing capac:ty of a soil,
as the mineral and organic matter. The amount of pore space in a given
volume of soil has a great influence on its weight.

Sandy soils ustally have less pore spaces or porosity compared to a fine-.
. textured loam-clayey soil. Yet, our everyday experience tells us that water
can move much faster: through a sandy than a clayey soil.
The, explanatlon for this lies in the differences in size of the pores that are
found. in each soil. -

‘The total pore space in a _s.aridy- soil may be low, but a large proportion of it
* is composed of large pores which are very efficient in the movement of -

water and air; The percentage of the volume.occupied by small pores in

sandy soils islow; which accounts for their low water-holding capacity. In

conirast, the fine-textured silty and claycy loam soils have more total pore
_-space and 2 relatlvcly large proportion of it is composed of small pores. The

tesult is-a soil with a “high water-holding capacity. Water and air move

through such soils with difficulty because there are fewer large pores. Thus,
we see that the size of pores in soil may be as important-as the total amount
of pore space. '

“Two types of indivitlual pore spaces are therefore recognised in soils:
“-macro and micro. While no sharp demarcation Gecurs, the macro pores
abundant in sandy soils-¢haracteristically allow the ready movement of air

" and water pcrcolauon In contrast, the smaller pores normally tend to be
 filled with water and allow only slow capillary movement. Air movement in

- such capillary pores or micro pores is greatly impeded. For the growth of

many economic plants, an equal distribution of macro-and micro pores is
desirable.

- 7. Aeratlion

In a well-aerated soil, gases are present, both in sufficient quantities and in
the best proportions which encourage optimum rates of essential metabolic
~ processes, for the growth of organisms, specially the higher plants.
A soil with satisfactory aeration should have: ,
1 Sufficient space devoid of solids, and
2 amplc opportunity for the easy and ready movement of essential
- - gases.into and out of these spaces. Water relatlons largely control the
amount of air spaces avallable '
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Under actual field conditions, two situations can give rise to poor aeration in
soil i.e.,
I When the moisture content is excessively high, with little or no room
left for gases, and
2  When the exchange of gases with the atmosphere is not sufﬁcwntly
rapid where the concentrations of the major soil gases, O,, in
particular may not be kept at desirable levels.

L

The latter may often occur even when sufficient total air space is available.
Excess moisture very often leads to waterlogged conditions. This may be
temporary, but nevertheless, often seriously affects plant growth. Such a

' s;tuatlon is frequently found in.poorly drained, fine texture soils which have

a mmunum of macro pores through which water can move rapidly. It may
also ‘occur in soils that are normally fairly well drairied, if the rate of water

“ supply at the soil surface is high: Low areas in a field of even, flat ground

with depressions, in which water, tends to stand for a short while, are good
examples of this condition. Such complete saturation -of the soil with water
can be disastrous for certain plants even for a short time. Plants, which have
prcwously been growing, under conditions of good soil aeration, are more

- susceptlblc to damage from ﬂoodmg, than plants which have bcen growmg
~ on soils where poor aeration has prevailed from ihe very start.

' Activity 6

List the conditions which help to develop lgood and bad aeration in the sail.

-Inadequate mtcrchange of gases batween the soil and the frec atmosph\,re
~ above it, affects: /

1 therate of biochemical reactjons influencing thc soil gases, and

2 the actual rate at which each gas moves in or out of the soil.
Obv:ously, the more rapid the usage of O, and the corresponding release of
CQ,, the greater will be the necessity for the cxchange of gases. Factors
such as temperature, organic residues, etc., which markedly affect these
biological reactions, are of considerable importance in determining the air
status of any particular soil. -

There is little doubt that most gaseous interchanges in-soil occur by

" diffusion. Thus, a higher concentration of O, in the atmosphere, which is

often the case, will result in a net movement of this gas into the soil. An
opposite.movement of CO; (and water vapour) often occurs 51multaneously

since the concentration of this gas is generally hlgher in the seil than in the

atmriosphere. The data.on-composition of soil air at various. locations in the
‘world have clearly shown that CO; concentration is higher and O, '
concentration is lower'in the topsoil as compared to that of the atmosphere.
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There is also a general inverse relationship between O, and CO» contents,
‘that is, O decreases as CO, increases.

Compared to the atmosphere, soil air is usnally much higher in water vapour '
content, being essentially saturated except at or very near the surface of the -
soil. The concentration of gases such as methane(CH,) and hydrogen
sulphide (H2S) which are formed by organic matter decomposition is
somewhat higher in soil air. -

The anaerobic decomposition of organic material is much slower than the
aerobic decomposition. Furthermore, the products of decomposition are also
.different.

8. Soil temperature

" Plant growth as well as chemical and biological activities in the soil are:
greatly influenced by soil temperature. Plant growth usually becomes slow
at about 15-18°C. Nitrification does not begin until the soil temperature

~ -reaches about 18°C and reaches a maximum between 45-50°C. _

The optimum temperature for seed germination, as might be expected,

varies widely, being low for certain crops and high for others: The chemical

processes-and ‘activities of microorganisms which convert plant'nutrients
into-uvailable forius drc also mﬂuenceo by temperature.

'The amiount of heat absorbed by soils is determined primarily by the

quantity of effective solar radiation reaching the earth (Fig.2.8). The latter in
any particular locality depends fundamentally upon its climate. In addition,

the amount of energy entering the soil is affected by other facters such as
colour of soil, slope and the vegetative cover of the site under consideration.
Dark soils are weil known to absorb more energy than light coloured

ones. Red and yellow soils are also known to show a more rapid
temperature rise than those that are white. In the Northern Hemisphere

soils which are located-on southern and south-eastern slopes warm up more .
rapldly in the morning, than those on flat land or on the northern slopes. The
_reason here is that they are more nearly perpendlcular to the sun's rays and
hence, a maximum amount of radiant energy strikes a given area. The

farmers of the Northern Hemlsphere therefore sélect soils with a southern or .
south-eastern ‘exposure for the growing of early season (after winter) *
vegetables and fruits. Whether the soil is bare or covered with vegetation is ' '
a factor that markedly influences the amount of insulation received. Bare

soils warm up quickly and cool off more rapidly than those covered with

vegetation or with artificial mulches. The coolmg effect of forests is

| umversally recogmzed

R

| 'Activiiy 7

What is the relatlonshlp between soil temperature and blologlcal actwmes in -
the soil? .
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) Eibsoi'plion
.  reflection diant
atmosphere refraction . radiant energy
| - .
L
\
_ . 5
_rediation conduction- reflection

) : Ry &\ =k
J I ' - \\ ){/\)/ / "absorption

© heat ofvapourization - ~conduction
‘ . conveclion

CN

) -I‘lgure 2.8: A dlagram showmg the acqulsltlon, foss and movement of
heat in soils.

2.3.2 The 'Chemical'Properties of soil

' T & study on chemical. propemes is very 1mportant from the pomt of view
.of lcrop production as it gives the basic idea about how chemlcal nature of
soil helps to have good fertile soil.

r
l

LpH " o

One of the most important physiological characteristics of the soil solution .
is its reaction. The presence of microorganisms and development of higher
plants depend on the chemical environment of soil and that is why the study
of soil reaction is so important in the study of the lithosphere. There are
three types of soil reactions.

1 acid.
2 alkaline
3 neutral. :

Instead of statmg in a vague manner thata partlcular solution i is feebly
acidic, alkaline or neutral, the acidity or alkalinity can be expressed on the
scale of acidity or alkalinity. This scale is called pH scale. The units of this
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scale are called pH values. Therefore soil PH depends on the acidity or
alkalinity of soil. Measurement of soil pH and its effects are therefore an
integral part of studying soil ecology. The term pH is defined on the.
logarithm of the reciprocal of the hydrogen (H?) activity,

PH=  -log[H'] . '

Soil pH therefore, is 2 measure of the concentration of the hydrogen ions in
seil solution. Further soil pH can also be considered as a measure of the
acidity of the soil solution because acids are compounds that dissociate in
water to produce hydrogen ions. A -

You are-already aware that the neutral point of pH is 7.0. A solution is
acidic if the pH is below 7 to 1 and glkaline if it is above 7 to 14, For an

., example. 2 solution of pH 5-has a copcentration of 10 mhydrogen ions,

and one'of pH 8 has a concentfation of 10° m hydrogen ions or 10 m

- hydroxyl ions, - L o S

Soil pH can be measured on the extracted soil solution, or on a suspension
of soil in water. The pH should strictly be measured when the soil is
suspended in a solution of about the same composition-as the soil solution.

. Commoply, however, the pH is measured on a-suspension inﬁlwater. The
buffering of soil pH is due to several soil properties. They are cation -

exchange capacity, ciay minérals, fiuris hydrated aluminium and ifon
oxides, aluminium ions,;solubilization of soil minerals and reaction of acids

with calcitim and magnesium carbonates,

-Activity 8

Why do ou think that soil pH is very important?

* The element required in Targe amounts from soil are nitrogen and
potassium.Nitrogen can be taken up by plants | . .
High pH tends in particular to affect the plant adversely by reducing the
availability (solubility) of manganese and iron-to the root system.
‘Phosphorus availability is-also reduced due to-formation of calcium
phosphates and low pH. High soil acidification tends to affect the plant
adversely through increased availability of aluminium and also manganese.
The pH is also affected by the microbial communication of the soil. The
_ most acid-tolerarit S-oxidising bacteria can grow at pH 1 even while the
most alkali-tolerant streptomycetes can grow at pH 10. In general, most of
bacteria are more prefer to pH among 7 and-most of fungi are prefer to the
-PH range of 2 to.7. Some actinomycetes can grow at the pH between 7 to
10. B oo . ‘ . .
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Activity 9

What are the contributions made by higher plants towards the pH o s0ils?

Electrical conducuvrty (EC) of a soil suspension is used to estimate the |

~ approximate value for percentage total'soluble salts may be obtamed by

4

2, Eléctrical conducnwty

concentration of soluble salts in. the soil. The soluble salts consist :
predominantly of cations Na*, Mg*™ and Ca** and the anions CI', SO4~ and
HCOs5". Soluble fertilisers may also contzibitte other ions such as K*, NHS'
and NOy". High electrical conductxvnues corresponding to high concentration
of soluble salt ir. the soil are undesirabie for the growth of most plants:
The electrical conductivity values increase with increasing temperature and
must be corrected if not measured at 25°C. An approximate correction can -
be made by increasing the values by 2% for each degree that the ambient .
temperature is below 25°C and decreasmg them when the temperature is
above 25°C. :

There is no clea*r reiatte'nsnxp betWeen EC (1: 5-soillwater) and total soluble
salts due to the different ionic conductivities of the various salts. An

muluplymg the EC at 25°C (dsm™) by 0.34 (1 dsm*=1 m mho cm’ )

 Activity 10

What do you understand by the term slectiical conductivity of soil?

* photosynthetic biological activity in the soil (e.g. fungi, bacteria, soil .

" be either organic (Heterotrophic metabohsm) or inorganic (chemo-

) PGD-ESD-04(3B)

3. Redox potential

One important chemical charactertsttc of soils related to soil aeration is the
reduction and oxidation states of the chemical elements in the soils. Non-

animals) derives energy from the oxidation of reduced substrate, which may-

gntotropic metabolism) in nature If a-soil is well aerated, oxidised states
such as those of ferric ion (Fe™ %) manganese (Mn Y nitrate (NO3") and
sulphate (SO4” %) dominate. In poorly drained and poorly aerated soils, the
reduced forms of such elements are found for example. ferrous Fe*),
‘manganese (Mn*?); ammonium (NH,4") and sulphides (§° %). The presence of
these reduced forms is an indication of restricted drainage and poor aration.
An indication of the oxidation and reduction status of systems is given by

the oxidation-reduction potenttal or redox potential (Eh). It providesa




,-called exchangeable bases or éxchangeable cations and the phenomenon is .
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measure of the tendency .of a system to reduce or oxidise chemically and is
usually measuréd in volts or millivolts. If Eh is positive and high, strong
oxidising conditions exist. If it is a low and even negative, elements are
found in reduced forms: Eh can be measured using the following equation..

Eh == Eo}00s5910g [Px]--_
N [Red] ™ -
- Eh = Electrodé/Redox potential (mv) © .
. Eo= Standazd potential of the system F
N = Number.of electrons in the system '
[O«] = Electrons lost L ,
[Red] = Electrons gained” = -~ - o
In a weil:drained soil, the Eh is in the rangé of 400-700 mv. As aeration is
‘reduced, the Eh declines to-a level of abput 300-350 mv when gaseous -
oxygen is depleted. . '

- Activity 11 - - . o : : %

' What is the imppnancé of studying the réddx potential of soil?

4. Cation Exchange and Cation Exchahge C_apacity(CEC)'

Clay colloids arc'ndrmally negatively cha.rgcd and they attract positively
charged ions-cations or bases which are also replaceable. Therefore, they are

known as cation exchange, Cation exchange reactions are reversible.

Therefore-in general the'cation exchange is the interchange between a cation

in solution and other cation on the suiface of any active material such as
clay-or organic matter. '

Activity 12

List the. methods which help to create negaiive charges in colloids.

+ The cations which are held on the surface of soil particles-are subject to
exchange with other cations held in "soil solution, For example a2 magnesium
ion held on the colloidal surface i$ subject to exchange with two H* fons in

" the soil solution. Thus; soil colloids are focal points for cation-exchange .
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re ctlons ‘which have profound effects on soil- -plant rélations. Thls process ‘
is called cation exchange. :
A substantial amount of organic and mmeral acxds is formed as the organic
matter decomposes. The hydrogen ions thus will tend to replace the
exchangeable calcium of the colloidal complex.

Ca Micelle +2H" ———— HMicelle H + Ca™

The reaction takes place fairly rapidly and the interchange of calcium and
hydrogen is chemically equivalent.

It is important to note that where sufficient ramfall is available to leach the
calcium, hydrogen ions are entering and calcium and other bases are: bemg
farced out ef the exchange. complex into the soil solution.

In regions of tow rainfall, the calcium and other salts are'not easily leached
from the soil as indicated. That is it prevents the removal of bases from the -
exchange sites, thereby keepmg the soil neutral or above in reaction.

Now you may realise how the interaction of climate, bxologlcal processes

- and cation exchange help to determine the properties of soils.

The Cation Exchange Capacxty (CEC) is expressed in terms of moles of

. "positive charges absorbed per.unit mass of soil. In-other words, it is the total
numbers of; nulh-equavalents of exchangeable cations which 100 g of soil
‘contains. A soil has a cation exchange capacity of 1meq/Img is capable of
adsorbing 1 mg of HY or its equivalent per 100g of soil. The advantage of
using equivalent is that all ions-can be expressed in term of milli-

N equwalents :

Table 2.4 Cation exchange capacity of sorhe soil colloids.

Fraction _ o meq/100grm of soil
Hamus 200
-.Montmorillcnite' R © 80-150
Hydrousmlca or illite S o 1040

Kaolmrte - o - 03-15

~ Cation exchange reactions are reversible. This cation exchange can be
measured quantltatlvely by describing the cation exchange capacity (CEC),
Simply it is defined-as the sum-total of the exchangeable cations that a soil
can.adsorb.

By the standard methods, all the adsorbed cations in a soil are replaced bya
_common ion, such as potassmm or ammomum,then the amount of adsorbed

potassium or ammoruum ions is determmed

The‘catron exchange capacuy of g:ven soﬂ is determmed by the’ relatlve
amounts of dlfferent colloxds {m that so:l and by the CEC of each'of thesé
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colloids. Sandy soils have lower CEC than clay soils chéusc-thc coarse
textured soils are commonly lower in both clay and humus content.
Cation exchange capacity is increased with increasing pH, At very low pH
values, (acidic conditions), CEC is generally low. Therefore CEC should be
- determined at a pH of 7.0 or above. Exchangeable cation are generally ~
available to both higher plants and microorganisms. By cation exchange, H*
from the root hairs and microorganisms replace nutrient cations from the
exchange-complex. The nutrient cations are forced into thie soil solution
where they can be assimilated by the adsorptive surface of roots and soil
microorganisms. ' ' A

 Activity 13

-

=

 How do you relate CEC with soll fertility?

. & Pcler'ce_n.r‘_'age"baise saturation of soils .

" Two.groups of adsorbed cations have opposing effect on soil alkalinity.
Both hydrogen ‘and aluminium ions contribute to the concentration of H* in
the soil solution. Adsorbed H contributes directly to the H* concentration.
Al"* does this indirectly through hydrolysis as shown below.

AP 4 HO AOHM .~ .+ - H
CAIOH)+H,0 T AI(OH), + H*
" AlCH,+H.@ .. Al(OH); o+ H '

- Most of the other esttons calied-exchangeable bases act to neutralise the soil -
- Cacidity. . N Lo
. The proportion of fhe estion exehange capacity occupied by these bases -
is called the % base saturatien (i.e. the extent to which adsorption
_complex of a-soil is saturated with exchangeable cations other than H and
Al). Itis expressed as the percentage of the total cation exchange capacity.
Thus, if the percentage base saturation is 80, 4/5% of the CEC is satisfied by
bases and the other by H* and AI*®.. . ‘
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CEC {meq)
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Flgure 2.9: A dlagrammatlc 1llustratlon of the % base saturatmn in K

L
dlfferent soils, *

1
1
'

The. d:agrammatlc 1]Iustrat10n shows the’ percentage basc saturatlon in
- '(a) a clay loam '

(b) ~ the same soil limed
(o). a sancly loam |

Th clay-loam has a CEC of 20 m.eq. while the sandy loam has a CEC of 10
meq. With liming the percentage base saturanon has increased from 50 to

801I while the CEC remains the same.

! -
ATtivity 14

" What is the' importance of base saturation in soil? .
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sAn:onexchange a - .

The adsorbed anicns are commonly present in smaller quantatles then the
. cations because the negative charges generally predommate on the soil-

colloid, especially in soils of temperate regions. The positive charges

“associated with lydrous oxides of iron and aluminium, Some 1:1 - type
B clays and amorphous materials, such as allophane, make. possible the

adsorption of anions. In turn, these anions are subject to replacement by -
‘other anions, just as cations replace each order. The anion exchengs that -
takes place although it may not. approach cation exchange quantltatwely,

~ important as a means of provid'mg readlly available nutrient anions to hlgher!
: plants . R _ .

In anion exchange hke cation exchange equwalent quanttttes NO 3 and Cl
are exchanged, the reaction can be reversed and plant nutrients can be-
released for plant adsorption. Although simple reactions such as this are -
‘common, note that the adsorption and exchange of some anions including

A phosphates, molybdates, sulphates etc ate somewhat more complex :

."70rgamccarbon 9

Plant resndues. 2s litter, branches root detntus and exudates comprise by far

the largest fraction of the carbon entering the soil, although microbes and
 animals also contribute to soil carbon supply under natural conditions, the

- tops and roots of the trees, shrubs, grasses and other native plants annvally

' supply large quantities of organic residues. Even with harvested crops, one

tenth to one third of the plant tops commonly fail to the soil surface and
remain there or are incorporated. into the soil. Naturally, all of the.roots

- reain-in‘the soil. In‘the top 10 cm; soil usually contains about 1-3% carbon’
Cdn organlc compounds, there is often-more in sonl under grass or trees, _
forests and up to about: 30% in peat

' These orgamc matenals are decomposed and dlgested by sonl organmms

and become part of the underlying soil by infiltration or by actual physical

_ mcorporatlon Accordmgly, the residues of higher plants provide food for
. soil organisms, which in. turn create’siable compounds that help mamtam the

soil organic levels

An—imals usuatly are considered secondary sources of organic matter. As
they attack the original plant tissues, they contribute waste products and
leave their own bodies as their life cycles are consummated. The soil
animnals such as éarthworms, termites and ants also play on 1mportant role in

a the translocatton of soil and plant residues.
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' 2.4 Classification of soils.

Soils are very variable in their characteristics and are as diverse as the
landscape of the world itself. It is therefore necessary to classify them in a
systematic and orderly arrangement based upon their differences and
similarities. The details of soil classification is essentially dynamic in nature
and keeps on changing as the knowledge and understanding of the soil .
. increases, The.scientific systems. of soil classification are of a'very recent
: ongm and were’ developed mainly in 'Russia and USA

The modem classrﬁcatlon systems are based upon the study of the soil profile,
“which is the ultimate product and reflection of alf the soil forming factors and
processes. The soils arg classified into well-defined categones such as orders,

- sub-orders, great soil- -groups and' sub-gronps. These give a general ‘

- understandmg of the soils over large areas mdlvatmg thelr worldwide .
relationships. The lower categones are families, series, types and-phases, and
are more lmportant in recogmzlng local differences and assessing productive
capacities of soﬂ for its use in agnculture for other forms of land -use,

Many soil sclentlsts agree that classification systems that have been developed
mainly in temperate climates may not be fully applicable to the soils
\develo;aed under tropical and sub-tropical climates. In tropical Asia, scientific
udies on soils have been undertaken for many decades by India, Sri Lanka.
&Adonesm and Thailand. Recently. soil surveys have béen undeértaken in
iétnam Phlllppmes Malays:a etc. As a result the knowledge about the soils
of our region is-rapidly i increasing. Based upon thé information available-from'
various tropical countries, a tentative scheme for classification of tropical and
: sub—troplcal has been suggested by a scientist named Mrddleberg as the 1949
system.. However with recent advances about ¢lassification of soil, the most
accepted method at present is 7% approxnmatlon and is described below '

Soil Classification- 7“" Approximatio-n

_ The soil scientists of the US Depa.rtment of Agnculﬂre have developed and
evaluated through several stages or approximation. The 7th approximation has
been officially adopted as the gomprehensive soil classification system, Efforts
have beeri made in India and in some other ropical Asian couintries to test this
system for adoption and modificatien if any, under the local conditions.
Several important features are obvious in th|s new systern of classification
which makes it attractive. ‘

38




Unit 2 Lithosphere

These are as follows: , '
(i) the primary bases for identifying classes of the systems are the
. properties of soils, as found in the field - properties that can be
~ measured quantitatively.
(i) the nomenclature employed especrally for the broadcr categones givea
definite-connotation easrly understood in many languages since Latii
or Greek root words are the bases for the names. For example, the _
name “Aridsols” indicates a soil order, and suggests dry conditions and
includes soils of desserts.
(iii) - it permits classification of soil rather than fonmng processes; it permits .
_  classification of soil of unknown genesns since only the knowledge of
. -theirproperties are needed. -
(dv) it permits greater uniformity. of classification as apphed by a large
.. mumber of soil scientists. Differences in interpretation. of bow a soil
‘was formed, do niot influence its classification under this new system
© (v)- however, it shouild not be assumed that the new system ignores soil
© - genesis. Since soil properties the- basis for the new.system, are oftcn
related dlrcclly to soil genesis, it is difficuli to emphasize soil
_ propcmes w:thout at least mdlrectly empha5121ng sml genes:s as wcll

. It is notpossible to gcnerahze-wrth respect to the kinds of soil properties used

as criteria for soil classification. A few examples of criteria used include |

moisture, temperature, colour, texture and structure of the soil. Chemical and -

‘mineral properties such as contents of organic matter, clay, iron and aluminum
oxides, pH% base saturation, and the presence of salts are also considered. So:]

- depth and presence or absence of certain diagnustic soil horizons is aiso

. among, the most significant of the properties used as a basis for classification.

. Brief" menuon w:ll be madc of certain dlagnosuc horizons, to illustrate this

pomt 3

.- Categories of the new soil classifieation system v

_ The order category is based largely on the’ morphology, but'soil genesis is an
underlaying factor. A given order includes soils whose properties suggest that -
they are not too dissimilar in their genesis. As an example, soils developed
under grassiand vegetation have the some general sequence of horizons and
are characterized by a thick dark surface horizon high in bases. They are
ihought to have been formed by the same general genetic processes and are
'rhereby usually mcluded m the same soil order. .

Su’s- Qrders are d.wlsmns or orders which emphasize genetic homogeneity.
Tivds wetness, climatic.environment, and vegetation are charactenstlcs Wthh
“Fisln detcrmlnc thc sub-order in whlch a given soil found.

>
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‘ thm a sub-order, dtagnosuc horizons are; ;used to dlfferentlate the great soil |

. Soils in a given group are considered as having the same kind and
arrangement of honzons in their profile. :

ub groups are sub dmsmns of the great sonl groups The typical or central

k concept of a great group makes up one sub group . Other sub-groups have
- characteristics that mtegrates between those of the ¢entral concept and those of

another great group

The family category is not so well defined. However, properties important for
growth of plants are used to differentiate families. This category permits the
‘grouping of mémbers of sub-groups having in common similar characteristics
_such as texture, mineral content, Ph, soil temperature and soil depth.

~.

The s_eries category ie essentially a collection of soil individuale uniformin -
differentiating characteristics and in arrangement of horizons.

Dlstnbuﬂbn of soils in the tropicai for east’

..onsnderable part of the troptcal Fa. East is- occup:ed by soils in whlchthe
ovemdmg pedogenic factor is characteristic of the local rather than the .

regional environment. Some have a well - developed soil profile, but.factors

such as location in poorly drained part of the landscape or situation on an

" unusuai parent material, for example, a pure. I|mestone has exerted a

predommant effect.

'Weathenng is stmng in the humid troplcs bemg favoured by both warmth and

moisture. The high rainfall frequently wets the soil throughout, with a surplus

*_to-penetrate to the ground — water. Thus constituents which can be carried in -

solution are continually removed; this is the process of leaching. The
temperature and water content of a well-drained tropical soil favour a hlgh

- level of biological activity.; including the continuos ‘production of orgamc

matter by the vegetation and its rapid degradation by macro-and micro-

organisms in or on the soil. High levels of weathering, leaching and blologtcal .

activity control the properties of tropical soils.

The strong weatbering in the humid tropics leads generally to deep soils (2-
15m or more). The silicates of igneous and metamotphic rocks are usually -
decomposed to a much greater depth than soil). For the same reason fresh rock
fragments and grains of weatherable minerals are rarely found in soils of the

lrumxd tropics, thus excludmg an lmportaht source of stowly available plant
utrients.

.qlomplete weathenng of all common minerals, except quartz, to kaohmte ciay

d to iron and aluminium oxides and hydroxides leads to soils richer'in clay
than wou]d be the case in an otherwise similar temperate env:ronment
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Itis hard to separate weathering from leaching because weathering is much
ass:sted by the removal of soluble products: The most soluble products are
base cations such as sodium, potassium, calcium, and magnesium, which are -
~ depleted to very low levels in the great majority of soils in the humid tropics,
This does not produge extreme acidity, a pH'in water between 4.5 and 5.5 is
typical, but leads to high exchangeable aluminium in th¢ less- weathered soils
‘which still have an appreciable cation — exchange eapacxty

High exchangeable ahiminium, spec1ally it forms a large proportion of the

exchangeable cations, is associated with aluminium toxicity, and this leads to
the stunting of root growth in many tropical soils. Exchangeable aluminium i is
also very lmportant in makmg phosphate insoluble in tropical soils:

Deep, complete weathering combined with leachmg results in soils of low
~ fertility in stable landscapes N steeper slopes erosion and: Iandscapmg is

constantly truncating the soil profile and exposing little — weathered parent
material ;as probably for example at Sogeri, Papau. Transferred materials such
as colluvium and alluwum which are infertile in stable. landscapes, may retain

useful weatherable mmerals where they ongmate in strongly dlssected terrains.

- Siticais very shghtly soluble in water and is. stowly leached, and even quartz
suffers some attack. In time this has the effect of removing slit and fine sand
-particles from the soil, so that the mineral fractions of well- -developed soils in -
the humid tropics have low silt/clay ratios and consist mostly-of kaolinitic clay.
and coarse.sand composed of quartz and ironstone nodules. Silica dissolved in
" the soil solution can combine with gibbsite (aluminium hydroxide) initially
- formed from felspars and other silicates to produce kaolinite, a process known
as resilication. This may be one reason why soils derived from basic igneous
. rocks’low in silica and containing no quartz are normallyrich in: glbbs:te while
soils’ derived from Eranite (with quartz) do not normally contain much -
gtbbsue Once formed, the kaolinite is very stable. The micaceous mmerals
common in shales may also. weather to kaolinite, but the process may be
relatively slow compared with the weathering of igneous rocks, partly because
- weathered shale subsoil tend to be impermeable.

The kaolinite nature of the clay of most well — dr’amed well-developed soils of
the humid trop1cs has several important consequences Such clay does not
swell and shrink-much on wetting and drying, so that promment cracking
defining a well- developed blocky or prismatic structure is rare. On the other
had, kaclinite unmixed with humus or other clay mmerals is hiard to disperse in
pure water; it fldcculates to stable, fine aggregates so that subsoils are
permeable, relatively resistant to erosion, and easily penetrated by roots

Kaohmte has low action — exchange capacity espec:lally at'alow pH _

" Therefore, in soils of the humid tropics, nutrient-holding capauty is mamly a
function of humus content and is very low where humus content is low, as is
usual in subsoils, in fact in many cases more than half of the adsorbed bases in
I'm of soil are in the top 0.25m. Humus tends to both reduce the phosphate —
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fixation capac;ty of associated mineral colloids and to releasc phosphate as it .
decomposes. Tt follows that the phosphate available to plants is also
concentrated near the surface falling to negligible values in the subsoil. These

- facts help to explain why roots are concentrated in the surface soil and a few in . .

supsoils, even though many tropical subsoils are easily penetrated physically.

-~ While differences in fertility are relatively slight the soils being described varie
appreciably in colour, texture, and sesquioxide content and in the distinctness

- anfl nature of layering seen in the profile. As has been indicated they have
usually been subdivided in soil claSSIﬁcatlons based on these characteristics,
but it should be noted that none of the schémes are easy to apply, since,
wherever the limits are set, intergrade soils and the data required to apply any
spec1ﬁed criterion are often lacking. Two main groups are found. Typically, as

~in’lowland Malaya, ultisols occur on young surfaces and relatively quartzose =~

materials while oxisols occur on old surfaces and basic materials. In south—
east Asia genera]ly, ultisols are much more extensive, occupying about 55 -
percent of the region (acrisols 51 and ultisols 4 pcrcent) according to
FAO/UNESCO (1979), whio mapped oxisols as'dominant over-only 4 percent
(although détailed studies suggest this is an undcrestlmatc) On the steepest
slopes ultisols pass to.mceptlsols  specially tropics, resembling European

- brown eartks These are cambisols in the legend bf ihe FAQ/UNESCO map, on
which they.cover about 5 percent of south — east Asia, and are.most extensive
in mountainous areas. -

Ultisols (red — yellow podzolic soils)

~ The d:stmgulshmg featurc ofutlsols is the so- callcd “argllhc or ‘textural B
(B) horizon i in the sub soil. This has at-least 1,2 times as much clay as the
topsoil, and ndt infrequently has more than twice as much. The structure of the

‘ horizon is produced by.fissures a few centimetres apart, given a.mediurm to
coarse, blocky structure with clay coatings on the surface of the fissures, which
appear in this section to have umformly fine particles with parallel orientation; _
features suggesting transport in suspenswn from hlgher horizons. Bright

yellow brown or reddish colours are usual in the argillic horizon, often
becoming paler above, for exaniple, threughout Malaysia, and-in the non-
volcanic parts of Indonesia. Ultisols with pale, often greyish, colours *
throughout the profiles are common in Burma, Thailand, and the countries '

- bordering the lower Mekong river, but-only occasionally inthe wetter parts of
south —east Asia). In Africa, ultisols are found on Upper and Middle
Pleistocene erosion surfaces within the humid tropical belt. Thay are raplaced
on the much more extensive older surfaces and peneplains by oxisols Ini the

- young landscapes of south — éast Asia affected by extensive recent mountain
building, old erosion surfaces and pcneplams are rare (Baillie and Ashton
1983) and ultisols are thereforé much more extensive thaﬂ oxisols -~ the
reve{rse of the situation in Africa.  ° : :
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Ultisols have, by definition, a low base cornitent (less than 35 percent saturated
in the subsoil).-Acrisols (FAO/UNESCO 1974) are less than 50 percent ,
saturated. Soitth — east Asian utisols are- particularly poor in nutrients and often
have high levels of exchangeable-aluminium (Buurman and Dai 1976;

- Buurman, Rochimah, and Sudihardjo 1976). If forest is removed they are
highly susceptible to erosion. -

The sueface horizons of ultisols, having relatively sandy texture and weak
structure unstabilized by clay coatings are especially vulnerable. However,
Kenworthy (197T) suggested.that surface run-off under undist‘f.lrbed forest is
small and occasional, perhaps no more than 3 to 5 percent of the 2000 mm
mean annual rainfall on steeply sloping land in Malaya. The loss from virgin
- lower montane rain-forést at the Cameron Highlands, Malaya, was onIy
24.5m3 km-2year- 1. this increased ten and thirty times under tea and vegetable ;
_gardens respectively (Shallow 1956 in Daniel and Kulasingam 1974), and also -
- increased greatly after logging (19.3). Since the topsoil commonly contains 80
percent or more of all the plant — available mineral autrients in the profile,
erosion losses senously prejudice | forest regeneration: (20. 2)

- f

Oxis&]s (fe‘rra!so!s, fa toe'o[s)

OXISOIS (Soil Survey Staff 1975) are characterxzed by the. presence -of an-oxic
* horizon in the subsoil and usually by the absence of an argillic horizon. The
oxic horizon has a low cation — exchange capacity (less than 10

" milliequivalents at soil pH and less than 16 at ph 7'per 100 g of clay) and the

- clayhasa Jow activity (that is, does not, disperse appreciably when shaken in

- plain water): It lacks significant amounits of weatherable materials (2.1 lattice
clays, feldspars, inicas, glass, or ferromangnesian mmerals) Very sandy. soils
-are excluded from the oxlsol order.

.. Typical ox1sols in south— east As:a are generally confined to mtermedxate to
basic igneous rocks, for example, basalt (Fig IL4) although some are known on
* other parent materials, especially old alluvium, in stable landscapes. Oxlsols
on basic igneous rocks have high sesquioxide contents, often with gibbsite as
well as ferric oxide minerals present, and they have a characteristic strong
coloration, frequently dark red. The clay content is high (50:95 percent) but
stickiness is low, so that the subsoil is friable and easily penetrated by roots.

."Oxisols are strongly weathered, and in humid climates are strongly leached.
They have a low:base content and a very low capacity to retain cations, lower
than ultisols. A high proportion of the cations held is usually aluminium and in

~ the tropical Far East oxisols are nutrient poor. High permeability and
resistance to dispersion make oxisols very much less prone to erosion than
ultisols. On the other hand. ready drainage of most pores limits the retention of
water. Water held against.gravity but available to plants is usually about to 10
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o The_corh'mdné’st and.rhost-wideSpread form.of laterite is a subsoil layer of = -
_ compact clay with bright reddish and pale yellow or grey motting, Jacking any
. hardening.- Analternative' name for unhardened but hardenable laterite is

Our Environments arid its Components

percent by volume in oxisols, regardless of texture. In ultisols texture matters
more, available water being low in sandy soils, but generally ultisols have
higher available water capacities than oxisols, and andoslos much higher
Intégrated to inceptisols are also common on steep slopes.

Laterite | 1.

“Laterit¢” formation implies the redistribution and concentration of
sesquioxide within the profile. Features which may be broadly grouped under
this heading are widely distributed in the zonal soils of south — east Asia,,
both ultisols and oxisols. They are rare in the wettest areas, become
commoner in climates which are seasonally or absolutely drier and are most
«common in the reégions of monsaon climate outside the rain — forest zone

proper (ILTD). -

-

plinthite: In seasonally dry areas similar material may be found near the

- surface as a continuos layer or a bitcks with the reddish phiase hardened (Fig.

11.5); unhardened mottled clay commonly occurs below. In Malaya such -

- profiles are commonest in Malacca (hence their designation - for example, in

Fig. I3, and IL.6 — as the Malacca soil series) and in Kedah. It is notable that

- . these are regions with a slightly more marked dty season than much of

‘Malaya; this emphasize the association between widespread laterite and

seasonally dry climates. The mottled clay impedes rooting and hardened

-Taterite prevents it, so such soils are considered relatively infertile although

they are not more weathered than comparable “non- lateritic” soils, Other
“lateritic” profiles are those with ironstone gravel (Fig. 11.6), either developed

* in situ or transported, and those with cementation due to the seepage of iron -

rich water at a spring line as in Fig. .3, General accounts of laterite have been

‘given by Sivarajasingham, Alexander, Cady and Cline (1962) and Prescotte

and Pendleton (1952), Occurrences in Indonesia have been described by Mohr
and van Baren (1954) and in Malaya by Panton (1957) and by eyles (1967) fig.
I.6). The greatest extent is in Indonesia, associated with oxisols, particularly
in south — east Kalinatan, and also with ultisols. Hardened laterite is also
important in oxisols in Viemam and Cambodia, in ultisols in Thailand; and in
alfisols in Laos. '

Soils on voleanic ash.

"Volcanic activirtyh has been very extensive on many of the islands of south —

east Asia, and most particularly on the Sunda group (Sumatra, Java, Bali,
Lombok, Sumbawa, and Flores). Java alone has 112 volcanoes, of which 34
‘have been active since 1600. Where volcanoes are formed by magma relative.
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jow in silica most of the dlscharge is lava with a subordmatc quantity of
volcanic ash, but where the magma is high in silica, ash predominates.
Volcanic ash is principally composed of pumice debris, that is to say, shreds of
silicate glass, although crystals of igneous minerals usually ‘occur in it also.

The soils first formed on recent lavas are usually tropepts and-resemblé brown
earths. With time these evolve in the lowland to give oxisols (latosols), which
are described in I3 Andosols are the initial product of weathering of volcanic
~ ash in most climatic zones, their distinctive properties depending on the -
presence of aliophane. Aliophane is an X-ray amorphous assoclatlon of
hydrous silica and alumma.

2.5 Soil biota and soil fertility

As descnbed earhcr in thls lasson, soil fertlhty is defined as the ability ¢ of a
soil fo supply essential elements for plant growth without a toxic '
. concentration of any elément. Inorder to achieve:this target, the soil should
be in optimuin condition as explamed before with respect to its components
arid properties. In addition, most of the essential elements in the -
environment are limited and their c1rcu1atlon is one of the limiting factors in
 relation to the plant.growth. To make this process to oceur, soil organisms
play a key role as decomposers in the soil environment. Therefore, a study
on soil organisms is very essential to understand the proper.path of this o
. cycling process without which no plant will be able to survive on this earth A
- Itis generally accepted that it is-the microorganisms in the. soil which play”.
the most lmportant role in the reléase of rninerals and COj; for plant growth.

. Knowledge on di_ffexent types of mlcmorga,msms is’ lmportant to understand
. soil femllty . y

Kinds of microorganisms in soil

Soil is the home of a great variety o7 microorganisms than any other
environment, One of the most striking features of the soil microflora is, its
diversity, Aimast any soil sample will consist of fungi, bacteria,
cyanobacteria, algae and viruses belonging to innumerable genera and
species. It is the relative proportions of the different groups that vary with -

* the environment. The relative proportions of various kinds of organisms in
soils are indicated in an 2.10.
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Figure 2.10: The relative propoi‘_t_i_c_)hs of various kinds of -

microorganisms found in soil. -

N The microorganisms isolated from soil can be placed in two broad divisions:
- the-indigencus or autochthonous species that are true résidents of the soil-

nd the invaders or allochthonous organisms. Indigenous populations may

Rave resistant stages and endure for long periods without being active
etabolically. This is discussed in detail in section 1.5. During favourable

conditions they participate in the bio-chemical functions of the community.
Allochthonous species, by contrast, enter the soil with precipitation, ‘
diseased tissues, animal manure or sewage sludge. They may persist for
sometime in a resting form but-do not participate in a significant way in
ecologically significant.transformations or interactions. Soils may harbour

_pathogenic microorganisms depending on the. rature of ani‘maﬁl and.plant

tissues and waste it contains, These microorganisms may canse infections in
man, . T S

Microorganisms. colonise only a part of the available surface area of the soil.

as shown in Fig, 2.11. It is seldom possible.to determine accurately the -
organisms.in soil. The types of microorganisms especially fungi and
bacteria found in soils will largely be a reflection of the methods used to
cultivate them. . ‘ o

e
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~ Figare 2.11 -"Dih};l‘éiﬁinaﬁé-i‘eprésentation'of ‘nlicrobiai:coidhisation on
- soil particles.” - .. R '

“:Bacteria”

The most abundant group of organisms in soils are bacteria. A grain of
fertile soil may contain more than 10’ bacteria. They are of great importance
in various soil processes such as cycling and transformation of carbon,
* nitrogen, sulphur and other minerals. They are responsible for much of the
decomposition of cellulose, protein, pectin efc. Some are harmful either -
- - competing with plants for nutrients or causing diseases of plants.and other

.-~ soil organisms. Many bacteria.are rod shaped. Many species are flagellated

and capsulated. The presence of a'largé number of:capsule-forming bacteria

 is.thought tohave the effect.of improving the crumb structute of the soil by

. éem‘enti_ng'--to’gether',-m’ifn_er'gl -paft_iclés_.ah'd;hmﬁus.

such as sugars, cellulose, chitin, organic acids, alcohols and hydrocarbons.
Some are autotrophs which include: nitrifiers, sulphur.oxidisers and iron

‘bacteria. Many are aerobes and some are anaerobes. Depending on the soi}

terhperature they can be mesophilic or thermophilic.

Most .common species are those of Bacillus, Clostridium, Arthrobacter, ...
Pseudomonas, Rhizobium, Azotobacter, Nitrobacter. Actinomycetes arer
present in surface soiland also in the lower horizons to considerable‘depths.
In abundance, they are second only to true bacteria. They occur as:conidia
or as the vegetative hyphae. Actinomycetes include species-of Nocardia, - -
Streptomyces and Micromonospora (Fig. 2.13). Actinomycetes are abundaii
in neutral or alkaline soils but they canriot tolerate acid conditions. Water
logging and anaerobic conditions Timit the development and spread of
actinomycetes in soils. ' B b

. : . _
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Bacteria tend to grow as individuals or microcolonies (often less than 10
cells) on the surfaces of soil particles and roots. Clay and organic colloids
adsorb bacteria pamcularly in the presence of tri- or poly- valent cations. On
the roots, bacteria are concentrated along the epidermal cell boundaries -
possibly where exudation is.greatest. Actinomycetes actively grow through
the soil from a food base. '

Nwocardia sp.

/ " Streptomycessp.” -

Micromonospora sp.

Figure 2.13 - Some soil actinomycetes (x 1000).

- Cyanobacteria such as Calothrix, Nostoc and Oscillatoria (Fi g£2.14) are
oftén primary colonisers and play a'key role'in the transformation of-bare
Tocks to soil. As they die and decay the environment becomes more suitable
or-higher plants. Because of thelr capacity to utilise simple inorganic
: -pompounds these mlcroorgamsms seems to be among the earliest living
forms in surroundmgs where life has been eliminated by natural or artificial
gencies. Some species form continuous mats on the soil surface under
damp conditions to an extent that distinctive visible blooms appear at.the
surface. Extensive blooms bind soil particles together into large aggregates.
Floodcdpaddy field is an environment where cyanobacteria could have a
great agronomic significance. The.microbiological action may be assoc1ated
with the fixing of atmospheric nitrogen, the release of oxygen or the
-excretion of products stimulating plant development. Among the more
_common inhabitants of these water logged areas are species of Anabaena,
Calothrix, Oscillatoria, Nostoc and Tolypothrix (Fig 2.14). This group is of

special interest because many are nitrogen fixers and thereby contribute to
_soil fertility,
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s ) : - P . b - . .__." Nostoc_ _sp.“," ) .__. ) - | »
- COTTET R T EEETD B N

Oscillatoria sp.

'Figu:re 2.14 - Some common cyanobacteria in soil (x 400)

Fungi .
Fungi are of equal importance to bacteria it contributing to soil processes -
‘and plant nutrition in neutral and alkaline soils.. They usually tolerate acid
conditions better than bacteria and for this reason are more important than
bacteria in acid soils.

Hundreds of different species of fungi inhabit the soil. They are being most
abundant near the soil surface where oxygen is readily available. They are
present as botht mycelia and as spores.-Both, the numbers of propagules and
diversity of fungal species decrease with increasing depth in soil. Fungi

. follow the distribution of organic matter and tfus are more numerous in the
litter zone. A large quantity of the mycelium present in the lower 50il
horizons is usually dead. ' S
Soil fungi.are of many different types, ranging from microscopic kinds to
the toadstools with their large and complex fruit bodies. Some of the more
common species of micro funigi are Penicillium, Mucor, Rhizopus,
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' r'Ctadosporzum Fusarmm Aspergtl!us Trzchodenna Cepha!ospormm and-
Curvularia (Fig. 2.15). Soxl also generally possesses a distinct yeast flora -

. cons:stmg of species hot common 'in other environments e. g

Aureobasidium pullulans. Spec1es of yeasts characteristic of leaf surfaces
may also be washed down by rain into the upper layers of soils. Best known
. mgcrofungi are the basidiomycétes which include mushrooms, toadstools,
_ puff balls, stinkhorns, birds-nest fungl and others. Most of them are
" saprophytes playing an important role in Iltter and wood decay “Soil also
contains mycorrhizal fungi, ' -
M?st s0il fungl contribute to the essentlal processes of decomposing
B coTnplex orgamc constituents of plant tissue in soil such as cellulgse, lignin
-and pectin. This aspect is discussed in: detail in Iesson 3 of this volume. .
“Some are harmful causing economically :mportant root diseases. There are
also some.that attack and parasitise soil animals particularly the hematodes - -
and protozea (the predacedus, fungx) Fungi also contribute to the
“improvement of the physical structuge of soil. Fungal mycelia form
‘extensive networks around soil particles, These have an 1mportant function
in bmdmg the soil particles together, helping to maintain a good soil -
o stmcture for plant growth It gwes the soil a crumbly suucture
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- Figure 2.15 - 'So'me.eommorn'soi["fﬁl_l_gii -

Fungl can aetwely grow through the so:l from food base Whrle they may

- originate in an organic particlé the hyphae can ramrfy through the air spaces.
They do not grow as discrete compact colonies as seen in pure cultures.
Instead hyphae grow, come upon a food base, cover thie surface of food base
by branching and as the substrate is exhausted hyphae grow off again. The
-original hyphae may have died and lysed. Sporulation occur.on the soil or
litter surface or in the large pore—spaces ‘Fungal spores like bacterra could
be adsorbed to soil particles. - -

=
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Algae .

Algae are found most abundantly either on the soil surface orjust below the .
surface, provided that'the soil is sufficiently moist. This is also because they .
~ need light for photosynthesis. In desert, denuded and other barren soils algae

. contribute to the accumulation of organic matter in the soil. They also have
the ability to corrode and weather rocks. Green algae are the group most
commonly represented in the soils. Species include Hormidium, -
Pleurococcus, Chlorella, Chlamydomonas and diatoms such'as Pinnularia,
Navicula (Fig.2.16). . 4 )

| Chlaniydtzmon'q.s-sé. . L

|-
i
!

i
i
1

Nav'f.cu;é's'p. TR ,Pir_l_mglaria Sp- .

Figure 2.16 - Some comnion sdil algae (x 400). |

In general sense, the algae cannot be considered-as contributing appreciably
for soil fertility. One of the major algal functions in soils is an outcome of
their photoautotrophic nutrition. This function is in the generation of organic
matter from inorganic substances. Algae also contribure to soil structure and -
erosion control. They bind together soil particles and by forming surface
bloom reduce erosion losses. . - '

Unicellular algae occur s_ing_lfy in" water films. Filamentous algaelmay oceur
in almost single species as discrete colonies-which can be seen with the
-naked eye. "
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' Viruses

Since viruses are obligate intracellular parasites, they do not “live’ or
multiply in soils, They only survive by some means in the.soil. Some of the
more-stable plant viruses e.g., tobacco mosaic virus may remain infective in
the soil for several months or longer. There are root- infecting plant viruses
which are actively transmitted through the soil by their vectors such as
nematodes and fungi (e.g., tobacco rattle virus by nematodes and tobacco

.necrosis by fungi). These viruses persist for, varying periods of time in the
soils through their vectors. Very little information is available on the
occurrence or survival of animal viruses in soils. There are a number of
types of-bacteriophages or bacterial viruses which can infect the bacterial
species living in'soils. Whenever a bacterial specncs is present in soil, its

- phage also can usually be found. There are also viruses which infect and
cause lysis of cyanobacteria, soil fungi, algae and protozoa.

Protozoa h

Soil protozoa are classified on the basis of their means of locomonon Some.
move about by virtue of flagella (e.g., Tetramitus) others by means of: short
- Silia {€.g., Colpodaj, and a.third group by temporary-organelles known as'

pseudopodia (e.g., Biomyxa, Euglypha). Some protozoans are illustrated in
-Fig. 2, 17 '

" Biomyxa Tetramitus

| Figure 2.17 - Some common soil protozoa (x 400).
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These mgamsms do not constitute a large portion of the biomass of the
microbial community. They are found in greatest abundance near the
surface of the soil particularly in the upper 15 cm. Generally the population
is most dense where’bacteria are especially numerous in the 50il profile. The
vast majority of these protozoa are on phagotrophic i.e., directly feed upon -
microbial cells or other particulate matter. The ingested food particle is
surroundcd by a vacuole where, dlgcsthn takes place.

Activity 14 | . .

“To what major groups do soil mlcroorgamsms belong? -
List the charactensttc features of the major groups of soil microorganisms.

Up to riow, we léarnt that microorganisms are very important-and useful in -
decompns:tlon process and also the end product of the decomposition
pprocess is the organic matter: From many cerituries ago, it had beeri ™
observed that thie producnwty of a 50il was more or iess directly related to
- the amount of organic matter in that soil. It is common knowledgé that
- farmers all over the world, in designating soils which they consider highly -
fertile, usually select; the dark coloured ories. They make this choice because
expersence Has taught them that such soil are usually more productive than.
the light coloured ones, and hence in se]ectmg dark coloured soils, farmcrs
are 1nvoluntar|l Y. acknow]cdgmg the value of orgamc matter in, 5011

. In general, we can begm w1th the statement that organic matter exerts a
controlling mﬂuence on soil properties, including productivity, and without
- it; the surface layers of the-carth’ s crust could hardly be correctly designated
- as'soil. The organic-matter content of soil is one of the most important and
also most easily exhausted resources. Soil ofganic matter from living or
‘dead plant and anirnal residue is a very active and important portion of the .
soil. It is the mtrogen reservoir, it furnishes large portion of soil
phosphorus and soil sulfur; and protects soil against erosion; and it
loosens up the soil to provide better aeration and water movement.

Sources of soil organic matter

In addition to the remains of higher plants, the bodies of small orgamsms
such as worms, insects, moulds, fungi and bacteria contribute to the organlc
matter of most soils in appn,cnablc quantitiss
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Man influences the amount of organic matter in soils a great deal by the
addition of it‘into soils in many forms. Crop residues are important sources ‘
of organic matter added back to soil. The leaves, stems, roots and mature
plant material such as:straw, stalks of ceteals; stems of crops. etc. are
ploughed back into farmlands purposely. They decomposed slowly and little
nitrogen or other plant nutrient elements are released within a long period.

. Green manure plants are also 1mportant sources of man introduced orgamc
- matter in to so1ls . ‘

' Many plants are. nowadays grown. for cover and green manurrng purposes
They aid.in conservmg ‘soil organic matter by virtue of the fact that they .
decrease soil erosion losses: they conserve plant: food-nutrtent elements by.
'reducmg leachmg lossés; when turned under, they increase the supply of

. soil organic matter.and with leguminous’green manure crops, the total -

~ supply of nltrogen is increased, provrded that the legumes have been
rnoculated with N-fixing bactena - :

-Composts of plant resrdues are also excellent sources of orgamc matter 1f
- they have:been.well prepared and'ifsufficient- nitrogen; phosphorous-and .
" {ime have been used to bring about rapid decomposrtton When compost
material is added to s0il, they leave considerablé- amourit of organic matter
in the soil-and some of the nutrrents they contain are readlly liberated i in
Iy unavatlable form.. g ‘

} ‘Another source of organic. matter to sorl comes from the man's use of organic
fertilizers. Dried blood, faccal matter cotton seed meal, sewage sludge etc.
are common components of organic ferttltzers

- Aetwnyfts

: Ltst the reasons to say that green manure 15 Very :mportant source of organic
) matter in sorl ' '

2.6 Benef:c:al effect of orgamc matter on sorl
characterlstles and productt\nty SR '

. There isno doubt that highly decomposed forms of organic matter if
Present in appreciable quantities have a rnarked influence on the chemical,
~ physical and bmlogrcal properttes of 'nmeral soils. However, a liberal

quantity of humus aids in mamtamlng a desuable structural condltlon in all
- classes of sorls L
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2.6.1 Physical functions of organic matter in soil

Many of the useful effects of organic matter on soil are purely physical.
Organic maiter increases the water-retaining power of soils, decreases. -
water runoff losses, improves aeration especially on the finer-textureds
soils, and produces a better soil structure (tilth) by encouraging #
granulation. All these effects will undoubtedly reduce the damage that”
might be done by water or wind erosion, tc a particular soil type. Organic
magter serves to bind sandy soils which are easily taken away by wind, thus’
reducing wind erosion. .

Humus as a part of organic matter assumes colloidal properties and as‘such, -

has a very high adsorptive capacity for water and ofien acts like a sponge.
" Soil'water is also-tetained in the small pores or air spaces in between the
“well granulated soil particles. In the more sandy soils, thése spaces
frequently are too large for maximum water retention, and humus tends to
* . partially fill these large spaces and make them a more effective size for
water holding. The humus also tends to pull the sand particles together,

thereby increasing water retention. In clay soils, the pore spaces-between -

the mineral particles frequently are too small for the greatest moisture
storage. Organic matter improves this condition by forcing soil particles

. apart, thus increasing the ability of clay soils {o retain water. Thus, you will
realize that the water-holding capacity of all mineral soils can be increased
by raising the humus level.

YOL{ may recall that “tilth' refers to the physical condition of a soil. A soil in

goo? tilth is easily cultivated, loose and mellow, and is.characterized by

.'being well granulated. Sandy soils are not well granulated because they lack __: o
sufficient binding material to-hold the particles together. Organic matter’
- ‘added to sandy soils promote granulation greatly by binding sand particles -

g togethcr into cluster, thereby improving the tilth of these soils.'-(;‘la_y soils
are also poor in tilth if the organic matter content low, because of clodding.-
The thorough mixing of organic matter in these soils greatly é_le_'creases '
clodding while promoting granulation. Organic matter makes clay soils
less sticky, enables them casi}er for Toots to penetrate. The degree of soil
aeration which is so vital for root growth and which is determined to a large
extent by the structure or tilth of the soil, 'is greatly improved by the

. presence of organic matter. :

The dark colour of soils is alsodue largely to organic matter. It is known -
that dark-coloured surfaces absorh radiant energy more than lighter
coloured surfaces. Thus, dark - coloured soils could warm up faster than

lighter - coloured soils which may be similar in all other respects, including.

the moisture content. Tt must be apparent to you that-under certain
conditions, as in crop-sown fields, this-would hasten seed germination and
a more rapid early growth of plants which may bé highly desirable.
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Activity 16 ‘

N ?

How do you explain the high'adsorpitive capacity for water of humus? |

2.6.2 Chemical func;ioﬁs of. érgéhic matter in soils
Organic matter improves the soil chemically by serving as astorehouse' of
supply of plant nutrients. As the organic materials are décomposed, the plant
. - food elements contained in them are gradually released. Most of the soil

o mtrogen is held in organic foim. Nltrogen cannot be held in soils in humid

‘ régions to any great extent, except in organic combination. The organic -N
undergoes conversion to NO™ under norma] soil conditions and in the
. absence of growing plants most of the NO™ may leach out, Decomposition

- of-organic matter favours the release of plant -food elements from.the soi}

- minerals, Various organic and i inorganic acids are produced in'soils when
' “organic matter decays, and they have a very- pronounced dlssolvmg effect ’
.on soil. minerals. Obwous]y, the carbomc acid that results from the
dlssolvmg of C0'> is'a very efﬁcxent dlssolvmg agent for sml minerals.

We have learnt in the precedmg sections of this lesson that after the organic
-matter has undergone considerable decay, it usually assumes a colloidal
" state. The colloidal properties thus exhibited as explained earlier, have an
dmportant influente on the soil productmty The organic-colloids with -
their great capacity for cation-exchange hold valuable plant nutrients in
avallable from. Furthermore, these organic colloids have a strong ability to
' absorb or hold'the constituents: of fertilizers and nutrients released form:soil
. -minerals, thus decreasmg their rate of loss by Ieaching. The colloids may

also act as buffers in the soil, retarding the process: by which changes in"

© soil reactlon (acidity- oF alkallmty) are produced.

Activity 17

&

Exp!aiﬁ the high CEC of humus with reasons?

~ 2.6.3 Biological functions, of organic matter in soils

Organic matter improves the soil for the growth of micro organisms. It

. serves as a source of food and energy for the majority of the soil micro-
organisms. There are some evidence that certain organic -N compounds-can
be directly absorbed by micro organisms as well as higher plants readily. -
“For example, some amiino acids such as alanine and glycine can be absorbed
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directly.' The beneficial effects of even exceedin'gl'y small amounts of

~organic compounds added to soil might be explained by the presence of

growth-promoting substances. It is more than likely that vitamin-like -

compounds are developed-as organic decay proceeds and that these may at
‘times stimulate both higher plants and micro organisms. It can be said again

that, without the presence of organic matter to supply food and energy for

_the soil microbes, the plant food elcments in organic matter could not be

changed to usable forms.
Detrimental effects of soil organic'mattér in soil

Let us now explain some harmful or detrlmental effects of organic matter in
soil. -

Many beneﬁts of orgamc matter in-the so;l are counterbalanced in certam

situations by detrimental influences. Orgamc matter is an energy-and

] carbou source, for many disease’ orgamsms ensurmg their longer survival

in.soils. Excesswe amounts of organic matter are physically dlfﬁcult to"

- Incotporate into soil and hinder easy planting.
-- Numerons plants contain or- produce phytotoxins whlch make them.
" undesirable as-organic matter; so any plant material. should not be used to -

incorporate into the soil, Unfortunately the problem cannot always be

- -avoided because the deccmposition of many crops-produces:such toxins.

Alleopathy is also active. ..lleopathy is any direct or indirect harmful effect
of one plant on another through the productlon and llberatlon of toxic or’
mhlbltlng chemlcal cornpounds into the environment. '

; A'cti_vlity 18 .

~ Suggest some’ more probl_enj'_assdciate ‘with soil organic matter.

SOTS

Although highly 1mportant in soils, orgamc matter makes up only avery.-
small fraction of the total wetght of mineral soils. The actual amount of -

humus found in any soil depends on texture’of surface and sub soil horizons,

topography, drainage climatic factors, and native vegetation. The amount
can vary very w1dely it can range from a trace in-the very sandy desert soils
to 12-15% or more in soils under grassland. Generally speaking, coarse-

. textured soils (clays, clay loams, etc.) because the sandy soils did not’
- originally support dense vegetation, are more sub_]ect to leaching. losses and,

rapid decomposition usually occurs in them because of their better aeration.
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Humus is usually concentrated in the uppermost soil layers and diminishes
- rapidly in the sub soil. This is readily explained by the fact that most of the-
organic residues in both cultivated and uncultivated soils are incorporated in
or deposited on the surface. This increases the possibility of orgamc matter
accumulation in-the upper layers.

Since most of the organic matter is found in the topsoil, any erosion that
occurs will result in. 31gn1ﬁcant organic matter losses. Furthermore, it is the
topsoxl that is disturbed by various tillage operations, which gregitly i increase -
the loss in.organic matter and nitrogen.

Summary

- Lithosphere is a major component of an environment. The major non-living
components are soil, rocks and sediments. threas living components

. makes up basically of mlcroorgamsms Soils by being the major non-living -

) components ‘exhibits various properties. The knowledge of their proportlons .
are imimensely useftil to understand the functions of soil. The' living -
CC'nponents of scil-play a major role in mamtammg flie quality of sonl Sml

" in the upper crust of the earth and as the productive part of the Lithosphere,
should be at a particular condltlon thh which all plants are able to grow
well

Obje’ctiveé

¢ After studymc this session, you should bé able to explam
L. 'the structure and composmon of the earth

. d:ffe:ent- con_lpoq_ents of the ht_hosphere ‘

. éhéractéfiétics of s‘qil in relation to plaht growth

o how microorganisms help ‘to make good quality soil

- e the contribution of organic mattzr to improve the properties of soil
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Introduction |
The atmosphere can be described a_sfhe en\"cIOpe of air surrounding the
Earth and bound to it by virtue of the Earth's gravitationalattraction. Life
- exists on Earth mainly because of the presence of this envelope of gases
around it, The atmosphere helps us in many ways. It maintains the

animal life. It filters out high energetic harmful radiations coming from the
sun, provides life-giving oxygen to animals and human beings, and carbon
dioxide to plants and trees. It supports the formation of clouds and rain
maintaining the hydrological cycle, which provides water to plants and
animals. The presence of the atmosphere also makes the earth a place
surrounded with sound, and makes flying, both by animals and machines,
possible. As such, the atmosphere plays a key role in life on Earth,

The atmosphere is a dynamic entity. The physical parameters that describe
its behaviour, such as the pressure, temperature, and relative humidity vary
from day (o day at a given place and also from place to place at a given
time. Such changes are brought. about by the ‘chaotic’ nature of the .

. atmosphere, is a result of the uneven heating of the globe by solar radiation,
- due to the inclination of the Earth’s ‘axis to the plane of its orbit around the
sun. The changes in préssure causes winds to develop, which carry air
masses from one place to another. The upward movement of air parcels

* PGD-ESD-04(5A) i 60
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results in their expansion, which in turn causes the temperature to drop.
Similarly, downward.movement of air causes temperature to rise. These
temperature fluctuations also cause the rainfall patterns to change. An
understanding of the behaviour of the atmosphere therefore would require a
knowledge of not only the radiative, dynamical, chemical and physical

' processes that take place within it, but also its interactions with Jand,
vegetation and the oceans. -

\

3.1. C'ompositioﬁ of Air 

The composition of air depends on the moisture content in it, which could -
vary between 0-4%, depending on the location and the season. We will first

* consider the atmosphere in general and then some special features of the
moist atmosphere. ) '

3.1.1 Atmosgheric Conslitugiits |

The atmosphere-comprises mainly two gases, nitrogen and oxygen, which
_contribute 99% to its composition. The balance 1% comprises a targe
number of gases, some inert, and some chemically active. The individual
gases present in the atmosphere are referred to as its constituents. The major
and the inert constituents have long lifetimes, while the chemically active -
_gases have short lifetimes. Among the inert gases present are Argon,
Helium, Neon, Krypton and Xenon, ‘

" The photo-dissociation or photo-ionizationh of the major ¢onstituents such as
nitrogen, oxygen, carbon dioxide and water vapour produces atomic
constituents such as O, N, and H. The interactions of these atomic species
among themselves and with the major gases produce a large number of

-molecules. In addition, gases of terrestrial origin such as N0, CH, and
‘many industrial gases such as cholo-fluore-carbons (CFC) add to the
composition of the atmosphere. The combustion of fossil fuels and biomass
also add a variety of gases including CQ,, CO, SO, and many organic
compounds. The-atmosphere also has a large number of heavy metals in

'véry minute quantities. -

PGD-ESD-OA(S_B)
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Long-lived Constituents

The turbulence and chaotic nature of the atmosphere, particularly in the
lower atmosphere, keeps the long-lived gases well mixed. As such, their
composition or the mixing ratios remains the same as at ground level, up-to
about 100 km. The region up to this he )

ight is homogeneous, and is referred to as the Homosphere. Above this
height, these gases separate out according to their own molecular weight and
have their owh profiles under diffusive equilibrium. The concentration of a
constituent gas in the atmosphere is generally expressed as a volume-mixing
ratio (ry), which is defined as, : e ‘

o= NfNe, . I
where, N is the number density or concentration of the i™ gas, and
" Ny, is the number density or concentration of dry air.

The correspondin € mass mixing ratio, Tm, could be then expressed as,

o= MN = Mo | 2
MgNg My

where, M; and My are the respective molecular weights.

The ground level concentrations of the long:lived gases, in terms of their
volume mixing ratios, are given in Table 3.1. The so-called greenhouse
gases, CO», N»O, CH; and CFCs, which control the Earth’s climate, also

" - have lng life'in the atmosphere. These will be discussed later in this unit.

Constituent - | Composition

o (%).
Nitrogen - 7808
Oxygen L 20.95
Carbon dioxide 0.036
Argon . - 0934
Neon T a2
Helium ‘ B 5.24 (4)
Krypton. 1.14 (-4)
Xenon 8.7 .(-6)

Note: 1.0 (2) mc;ins'-l_‘.Ox'lOZ"
S - Source: Ratcliffe (1960) . . - o
Table 3.1 ‘Composition of major and inert constituents present in the
dry atmosphere - o S ' a

t
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The atmosphere due to gravrty, has hrgher density at ground level than at
higher altitudes. At sea level, the density is 1.225 kg/m® corresponding to a

. standard. temperature of 15 °C or 288 K. The density has an exponential
variation with height. A variation of a quantity, wliere the rate of varjation at

. a given point is proportional to the value of the quantity at that point, is

called an exponential variation. Its characteristic feature is that, for a given
'interval', the quantity gets multiplied by the same amount.

]

The density of the. atmosphere (p) at a height z can be expressed by the Eqn.

3, as
™,

P = PO_e' ;

. where, po is the densrty at sea level
Hisa constant known as the scale he1 ght and

e = 2.71828, a mathematical constant called the exponential
quantity.

LS

" The derivation of the above equation, and also the calenlation of H, will be
shown in the next section. H has a value of 8.42 km at ground level. This
means that for every 8.42 km altitude, the pressure drops by a factor 1/e or
0.37.-Generally, near the equator, density decreases by a factor of nearly
1000 for every 50 km altitude. As such, 99.9% of the mass of the
atmosphere lies below this height. The variation of the atmospheric density ~

. with height up to 100 km is shown i in Fig. 3.1 for an atmosphere with a
constant temperature. ; .

o i !":-# o] [
100 <t T T
~,
N
. N
- . ~ .
801 . ’ ™ " .
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&0 . : N,
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Fig 3.1. Variation of density with height in the atmosphere

L ]
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Thg number density, or concentration, of dry air, Ny, is given by,

Nq

il

(s V)N, , 4

where, n is the number of gram-molecules préscnt in a volume V (m°), and

N, is the number of molecules per gram-molecule, known as the
Avagadro’s Number, which has a value 6.025 x10*

Sirice ng cdn be expressed as my/My, where my is the weight of dry air parcel
of volume V, and My is the molecular weight of dry air (28.97), and the
density of dry air, p-= my/V, Eqn. 4 becomes, ‘

Ny = p x Ny/Mg-  (molecules/m”®) - 5

: Subsmutmg the values for the quantities in Eqn. 5, the number densxty of
dry air at sea level is obtained as Ng = 2. 548x10% molecules per m’. The
number densities of individual gases could then be obtained by multiplymg
the above value by the respective mixing ratios.

Short-lived Constituents

The chemical reactions between the atomic species O, N and H, and the
other constituents produce a large number of compounds such as NO, OH,
CO, 01, NO,, NO3, Hy, HO,, H,0;, and many others. Their concentrations -
are not more than a few parts per million; yet they play an important role in

- controlling the energy balance and climate as well as creating'a safe
environment for people to live. One such important minor constituent is’
ozone (Os) as it absorbs harmful UV-B radiation preventing it from reaching
“ground level, We will read more on this later. Some others, such as OH, act

. as scavengers in the atmosphere, removing polluting gases. Most of these

o copsntuents are chemically active, and hence have short lifétime. As such,
. their concentrations are highly variable, determined by local chcmlstry and -

- 'dynamxcs rather than by a fixed mixing ratio. Their concentrations in the

L upper atmosphere are highly variable with the hour of the day, seasons and

th{a latitudes, Some of their typical concentrations at ground level and ata
height of 25 km are given in Table 3.2. Some of these have been
: dqtermmed experimentally, while others were based on model calculations.
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Minor Co:icentrqﬁoh'expre;sed in ppm by volume
constituent - i '
- At ground level At 25 km

O; 4(-2) 8-10
H,O 1-4 (4) 3-5
H, 6(-1) | 61}
OH 3(-8) [ 1-2¢6)

| Ho, 8-10 (-5)
H;0, 3(-3) | 3-5(-5)

| NO 5 (-6) 12 (-3)
NO, - 4-(-5) . 2-3(-3)
N;O . REIS) 23 (-1)
HNO, - 5-6 (-3)
co 12(-1) .
CH, 12 0.9-1
SO; 5(5). - |

Note: 1.0 (-1) means 1.0x10"

Source: Jacebson (1999)

WMO (1985)

Table 3.2 -Concehti;a'\.tion'of some minor constituents-in.the atmosphere .

3.1.2 The Moist Atmosphere -

' The atmosphere contains moisture to. varying degrees depending on the
location and time of the day and season. The amount of moisture present in
air determines whether a location habitable or not, The amount of moisture
in air at ground level in the tropics where the temperature is high could be as
much as 4-5%. The presence of moisture reduces the composition of other
gases. For example, the composition of Ny and O drops to 74. 13% and
19.94%, respectively, when the moisture content increases tc 5%. Moisture
also acts as a carrier of heat energy from the oceans to higher altitudes..
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Relative Humidity

Atagiven temperature there is a maximum amount of moisture that the air
“can hold. Such air is said to be saturated with moisture. Once air is saturated
- ‘with moisture, if the temperature drops, the excess moisture condenses on
any surface. Air that is unsaturated at a higher temperature will become
saturated at a lower temperature. Water vapour in air acts as any other gas, -
exerting its own partial pressure, known as the vapous pressure. .

The moisture content in air is generally expressed as a ratio of the actual ,
moisture content and the moisture content required to saturate the air at the
same temperature, and this ratio is called the relative humidity. Since the
vapour pressure is proportional to the moisture content, relative humidity is
also expressed as a ratio of the vapour pressure of air to the saturated vapour
piessure. Within a geographical region, the relative humidity can vary from
place to place and between daytlme and night time, Relative humidity

* suitable for eomfortable living is in the range 60% - 70%. Air- condlttomng

- of a room reduces both thé temperature and the relative humidity- toa

co(mfortable level.

Pr’ecipita tion

Thle atmosphere receives water vapour through the process of evaporation
from oceans and other water bodies. This water vapour diffuses upwards,
becomes cooler and ultimately reaches the saturation point. Cooling beyond
this sfage leads to condensation around dust particles known as aerosols
acting as nuclei. The latent heat of evaporation is then released to the
atmosphere which has a value of 2,510 J/g at 0°C and 2,259 at 100°C. This
is ane of the main sources of energy that drives the dynamics of the lower
atmosphere. This heat is balanced by the outgoing terrestrial radiation from
the atmosphere. A mass of condensed watet particles is generally described «
as a cloud, They appear from about a few kilometres upwards within the
troposphere.

(¥

Precipitation appears either as rainfall or snow, depending on the
~ temperature of the location. Countries may receive =n annual rainfall as high
as 10,000 mm or-as little as 100‘mm. The highest rainfall totals occur near
the equator in the tropics, where the strong heating by the Sun creates
significant vertical uplift of-air, and the formation of prolonged heavy -
showers and frequent thunderstorms. The global distribution of the annual
mean rainfall is shown in Fig. 3.2. Any variation of the rainfall, partlcularly
long spell> of droughts induced by various factors.such as global warming
or El-nino phenomenon have a direct bearing on the live-of people The -
world is classified into various climatic zones dependlng on the annual - ,
‘rainfall and its distribution, humidity and temperature More on this topic
will be dtscussed under Cllmate Zones later in the unit.
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Source: w.ww.doc.mmli.ac.ukfarickeae/climate/
Fig. 3.2 Global distribution of annual mean rainfall -

3.1 .3_- Aercsols \

[ - t .

Acrosols are particulates of terrestrial origin that rerhain suspended in air.
Some are emitted direct into the atmosphere, while others are.formed within
the atmosphere from gaseous precursors. The former includes soil dust
particles, dust from industries, fly-ash from power plants, carbonaceous
particles from fossil fuel and hiomass combustion, sea spray and volcanic
eruptions. Among the latter are sulphates, nitrates, and carbonates, derived
- from respective precursor gases such as SO,, ammonia, oxides of nitrogen

and organic compounds. ' '

Particles with diameters in the range 0.1 to 1.0 pm are referred to as aerosols
in the accumulation mode. They could hydrate to diameters up to 2 pm with
smaller particles coagulating to form large particles. Accumulatin g mode
acrosols form the majority of cloud condensation nuclei. Typical diameters
of aerosols of dust origin are in the range 2-4 um, while those of salt sprays
cover a wide range extending from 0.05 to 10 um.

Aerosols alter the cloud formation process by increasing droplet and ice
particle concentrations. They also decrease the precipitation efficiency of
warm clouds. Aerosols have rather shortlifetime in the atmosphere, and .
their effectiveness in the above processes depend on their size and
composition. Since aerosols affect radiative processes, cloud formation and
chemical processes in the atmosphere, projecting their influence on the
climate is a very complex task, and a proper understanding of the processes
involved demand complex computer simulation. . '
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3.2 Atmospheric Pressure :

The g;awtatlonal pull of the Earth kecps the atmospheye bound to it without
allowing it to escape into outer space. The weight of the atmosphere is
therefore felt at the surface as a force. The force per unit area exerted

against a surface by the weight of the air above that surface, is called the
atmospheric pressure. It is equivalent to the weight of a vertical column of
air extending above a surface of unit area to the outer limit of the
atmosphere. Humans and animals do not féel this pressure as it is counter-
balanced by a pressure developed internally. In this section, we will discuss -
the variation of the atmospheric pressure w1th height, and its distribution on

. the surface

3.2.1 Varlatlon with Height

The pressure at a point dcpends on-the weight of air above it..Hence, the
variation of .the pressure is directly proportional to the variation of the
atmospheric density. The variation of pressure with height is described by
the hydrostatic equation, It is derived by considering the pressure
difference between two layers in the atmosphere separated by an increment
of the height denoted by ¢z, The pressure difference is equal to the weight
of air lying between the two layers. This can be expressed, according to-the
definition of pressure, as:

dp =  -pgdz B | 6

where, d indicates the differential {or the increment),
p is the pres-sure,
p is the density of air, _
g is the acceleration due to gravity, and
z is the vertical height '

This differential equation is ‘known as the hydrostatlc equation. The den51ty
of air can be: cxprcsscd in terms of pressure using the gas equation,

pvV = - nRT, 7

where, n is the number of gram-molecules,
V is the volume of a parcel of air in m
T is the abéolutc temiperature of air in Kelvin (K), and
- Ris the gas constant (8.3145x10" m* mb /mole.K)

Since n can be expressed as m/Mg; where m is the welght of the parcel of air

- in kg, and My'is the moleculas welght of dry air (28 97), and p = m/V, Eqn.:
7 becomes :

3

P = ' pRTM - -
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The substitution of Eqn 8 in Eqn 6 yields,
dplp = -(MglRT)dz.! . 9

When integrated between sea level and a height z, the pressure can be
expressed by the exponential equation; - ‘

p .- | Po G-I{H, . l _' N . 10 .

where, P, is the sea level pressure, and

H is a constant referred to as the “scale height" given by H =

H is however, not a true constant as the temperature in the atmosphere has a

certain variation. Assuming a constant temperature or an isothermal '

. atmosphere, the atreospheric pressure can be described by the above
exponential equation. For a temperature of 288 K, which is the average

temperature at sea level, the scale height has a value of 8.42 km. The

. variation of pressure with height will have the same exponential variation as
‘that given for density variation shown in Fig. 3.1.

3.2.2 Global Distribution of Pressure

The atmospheric pressure is measured using a barometer. It is basically a
manometer filled with mercury, The height of the column of mercury with a
vacuum above it, which balances the weight of air, indicates the pressure At.

-sea level, the global mean pressure is 760 mm of mercury, or one

~ atmosphere. It is also measured in terms of another unit called “bar”,
defined as 10° Pascal (Pd) or Newton per sq. metre (N/m?'). The unit often
used in weather forecasting is the millibar, which is equivalent to 100 Pa or
1-hPa. The surface air pressure varies both.spatially-and temporally. The
average sea level atmospheric pressure is 1.01325 bar, but it may vary -
beiween 1000 and 1040 mbar, depending on theJocation and time. The

- standard sea-level pressure is taken as 1013 mbar. This is also equivalent
approximately to a force of 1 kilogram per square centimetre: ‘

The continents and oceans. significantly influence the major pressure belis
that develop from the circulation patterns of the atmosphere. Land gains and
loses heat much more quickly than seawater. Consequently, the large
landmasses of the Americas and Asia-become much-warmer in summer.and
. much colder in winter. The extra surface heat in summer generatesa -

continental region of low pressure, whilst in wiiter, the colder descending
--air gives rise 1o dominant high pressure anticyclones. In:summer the |
‘development of continental low pressure significantly influences the pattern
of monsoons that affect the weather of India and southern Asia.
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Generally, high pressure predominates at about 30°N and S, and low
pressure predominates at high latitudes and in the tropics. Also, the winter
hemisphere pressure is higher over land than over oceans and the summer
hemisphere pressure is higher over the oceans than over land. The low
pressure area found near the equator is known as the ‘equatorial trough’,
and sometimes called the ‘doldrums’. The global distribution of sprface
pressure in January and July are shown in F ig.’3.3. These pressure
differences give rise to-winds, both vertically and horizontally.

| January
g
5

s IHﬁ%ﬁii"i— i L [ ' !
R e .

Sourée: www.doc.mmuac.uk/aric/eae/climate/
Fig. _|.'3' Global distribution of mean surface pressure in'_.'Ianuar'y and July
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3.3 Solar Radiation

Under this seétion, we will learn about the nature of solar radiation, its
interaction with the atmosphere including the energy balance and the
radiative processes of radiation in the atmosphere such as absorption and
scattering, :

~.

3.3.1 Solar Spectrum

The sun emits different types of radiations including gamma rays, X-rays,
ultra-violet rays, visible rays or what we call light, infrared radiation and radio ,
waves, All these are electromagnetic waves having the common property of
travelling in free space with the speed of light. These radiations can be
described in two ways: one as waves and the other as particles or ‘packets’ of
energy. In the wave mode, we can visualise radiation travelling in the form of
waves, each wave having a distinct wavelength, which is the distance between

two adjacent crests or troughs. Each type of radiation has a distinct wavelength
range as-giv<a in Table 3.3 - T

" In the particle mode, radiation travels ih th
“‘photons’ or ‘quanta’. The ener
proportional to the associated w

- wavelengths will have more en
gamma rays; X-rays and extreme UV radia
lethal to humans. Fortunately,

the atmosphere:by oxygén-and

. ground level. The energ
in Table 3.3. -

4

7.

Band Wavelength Energy per photon
Range (eln.volt)

Gamma rays <0.0] nm >1.24x10°

X-rays 0.1- 10nm 1.24x10° - 124
Extreme UV 10- 100 nm 124 - 12.4
v 100 - 400 nim 124-3.10
Visible 400 - 760 nm 3.10- .60

Near IR 0.76 - 10 i 1.60-0.12

FarlR - 0.00-1.0mm .. 0.12- 1.24x10
Microwaves 1.0 -300 mm 1.24x10°% 4.1 x10° -

Table 3.3 Radiation bands in the solar spectrum

[P

e form of energy packets known as
gy contained in one photon is inversely
avelength, which means that shorter (

ergy than waves with longer wavelengths. Thus
tion.are highly energetic and are
these radiatioris get totally absorbed hi ghin
‘nitrogen gases and-therefore do not reach

y levels of different radiation bands are also shown -
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The energy content in a monochromatic or single-colour beam of unit cross-
section is given by the product of the energy per photon and the number of
photons present within a unit wavelength interval. In X-rays and UV, energy
per photon is high, but in the visible range, the total number of photons is high.
Though visible radlatlon contains less specific energy, because of the large
number of photons in this band, it has the highest total energy content.

he solar irradiance closely matches that of a black body at a temperature of
51900 K. A black body emits radiation in a continuous spectrum with a peak:
af a wavelength, which is inversely proportional to the temperature.

herefore, a hot body emits more short wave radiation while a cold body
emits more long wave radiation. The distribution of energy contained in the
radiation per unit area per unit wavelength interval at the top of the
atmosphere is illustrated in Fig: 3.4 for the entire spectrum. Maximum
energy is radiated in the visible band around 500 nm, and almost all the “
energy emitted is contained below 4 pum: This range of wavelengths is
referred to as solar short wave radiation.

The radiations of wavelengths above about 320 nm reach ground level with
little attenuation. These include near UV visible, IR and microwave
radiations. However, various gases present in the atm~sphere such as
oxygen, ozone, carbon dioxide and water vapour, absorb partially different
wavelength bands as shown in Fig. 3.4. As a result, the spectrum received at
‘sea level is very different to that at the top of the atmosphere. Further, other
radiative processes such as reflection and scattering also cause attcnuation
of thc radiation before reaching the ground

ST T T T T T LT Ty T T T rrryT
5_" 20— - +
r-E ‘ ‘ - Saolar irradiation curve outside atmosphere
= ; w” _~Solar irradiation curve at sea level
- W -

. 1.5 I\ Curve for blackbody at 5300 K =1
8 -
5 !
= I —
E 1.01- |
— o
g !
Y95 ) 2 7
; H,0, CO,
03:) _ _ _r/Hoco, H,0, CO,
00 -l\’j e bl fi /VZ”[‘F‘&—,J—H—JA--LJ,

'0 02040608 10121416.1820222426283032 "
Wavelength (pm)

Fig, 3.4 Distribution of energy in the solar spectrum
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3.3.2 Energy Balance

Average Energy.Ekchanged

The total energy content in solar radiation per unit area is known as the-‘Solar
- Constant' and has a value of 1370 Watt/m? at the top of the atmosphere.
‘Except for visible radiation and near infra-red, other radiations get absorbed in
the atmosphere and only a fraction is filtered to the ground. As a result, the
total radiation energy received at ground level with over-head sun in the
tropics is about 1000 Watt/m?>. However, the incident value averaged over
day and night is much less. The total radiatiorn intercepted by the Earth is
equal to the Solar Constant (8) multiplied by the cross sectiofal area. This
-amount of energy is radiated out from the total surface so as to balance the
average energy received. Since the Earth’s surface has an area equal to 4~
times the cross secti~nal area, the average energy received or radiated out by
“the Earth is given by S/4 or 342 Wim?, . '

When averaged over a day, about 20% (67 W/m?) of the incoming radiation
gets absorbed by various atmospheric gases. Another 22% (77 W/m?) gets
reflected and scattered from the clouds and aerosol particles. Qut of the
balance 58% (198 W/m?) reaching the surface, about 9% (30 W/m?) get

_ reflected from the surface including land and oceans. Only the remaining
49% (168 W/m®) gets absorbed by the Earth and contribute to its heating.
Thus, out of the 342 W/m?incident on the atmesphere, the net radiation
received is only 235.W/m>. This amount has to be balanced by an equai
amount of out going long wave radiation emitted by the earth. The various
processes that contribute to the energy balance is illustrated in Fig. 3.5. A
significant component is the re-emission of 342 W/m? of heat energy

.Aowards the Earth by the greenhouse gases present in the atmosphere.

Acrosols play an important role in the energy balance in the atmosphere,
through absorption and scattering of radiation. The carbomaceous aerosol
-belongs to two types; those with organic carbon and those ‘with black
carbon. These two types have different optical and radiation absorbing
 properties, ‘with black carbon particles having higher absorbing properties
than the other. Combustion of fossil fuels and. biomass are the sources. of
both organic and black carbon aerosols, with the former emissions being 5-6
- times that of thelatter. - ' |
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‘Fig.3.5 . Radiative processes that contribute to the energy balance

3f Radia{ivé processes in the Atm'OSphere'

When solar radiation is incident on the atmosphere, part will get transmitted
and the balance reflected. The component traversing through the atmosphere

will get partly absorbed and partly scattered, Only the balance reaches the
iground. In this section, we will discuss these phenomena.
I R R " N .

_!3.4.1_ Absorption in the Atmosphere ‘

The absorption of energetlc radlatlon by atmosphenc gases gives rise to
. several phenomena: heating of the atmosphere, breaking down of the gases
. into new substances, electrifying certain parts of the atmosphere etc. Each of .

these processes depend on the energy content of radiation and the absorptlon
properties of the constituent gases in the atmosphere,

74




Unit 3: "The damasphere

Effect of X-Rays and UV Radiation

X-rays and EUV radiations are the most energetic radiations. Molecular
nitrogen and oxygen totally absorb them above about 60 km, Because of their
high energy content, they knock off an electron from the molecules, leaving
the remaining portion positively charged. These are called “ions'. Hence the
-region of the atmosphere above about 60 km up to about 500 km where such
positively charged ions are present is known as.the ‘ionosphere’. This region
plays an important role in long-distance short-wave radio communication. The
ionosphere has the ability to reflect to Earth any short-wave radio signal
incident on it. This makes it possible for a radio signal to travel round the
Earth through multiple reflections between the Earth and the ionosphere.

\

The UV spectrum is dividéd into three bands, UV-A, UV-B and UV-C based
on their degree of penetration into the atmosphere. The UV-A band (315-400
nm) is the least energetic band. This radiation is relatively harmless and

reaches the ground level. The UV-B band (28C-315 nm) is more energetic and )
is darnaging to both plant and animal life. It gets absorbed by ozone and partly
reaches the ground. The mosi energetic band, UV-C (160-280 nm), which is
lethal, gets totally absorbed by nitrogen and oxygen before reachin g the

ground level. '

Major Absorbing Gases

Oxygen gas is a good absorber of UV radiation up to about 180 nm and
absorbs all of it by the time the radiation reaches a depth of about 35 km.
Between 180 and 200 nm, the absorption efficiency of oxygen drops by a
factor of more than 5,000 and 6xygen becomes ineffective in absorbing any
radiation beyond 200 nm. The absorption of UV radiation by oxygen causes its
photo-dissociation yielding highly reactive atomic species, some of which are
in the excited states. These excited atoms subsequently return to the ground
state through the emission of radiation, which can be detected from ground

level. These emissions are called airglow and provide much useful information
about the upper atmosphere.

In the range from 200 to 320 nm, the absorption efficiency of ozone is about a

million times more than that of oxygen. Therefore, despite being a trace gas,

ozone becomes the major absorber of radiation in this wavelength range.

Wavelengths up to about 280 nm are totally absorbed by ozone before

reaching a depth of about 15-20 km. This causes heating in the stratosphere

forming the bulge in the temperature profile (see Fig. 3.10). The UV-B band

between 280 — 315 nm, is absorbed partially by the ozone layer depending on

the total ozone density. Beyond 315 nm, ozone also becomes a poor absorber.
- Visible radiation above 400 hm could therefore reach ground level without ‘ -
much attenuation. e :
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" Absorption Cross Section

\#/hen electromagnetic radiation is incident on the surface of any substance,

the amount absorbed depends on the wavelength (A), molecular structure of

~ the substance and the level of incident radiation. The incremental absorption
- when traversing a path length of dl can be expressed by the equation,

dli(A) = -I(A).Ci(A).nudl, ' 11 .

where, d is the differential, -
I(A) is the intensity of radiation of wavelength A,
. Gi(A) is the absorption cross-section of the i™ substance at
~wavelengh A, L S _
) n;is the numbér_density of the i" substance, and | is the path length

This yields the following expression for the variation of intensity of a
monochromatic radiation while traversing through an absorbing medium:

I0) = Lexp(-oiA)fod) 12

- Thus, a monochromatic radiation incident on the atmosphere subjectto
- absorption by a single gas, will attenuate during its passage through the

~ atmmosphere, according to the above formula. When there are several

absorbing gases present, the contribution of each of the gases will have to be

computed and summed. The above expression will then reduce to: - .

TN = LexpSiond. | 13

To determine the total irradiance at the surface, the-above intensity has to be
- summed up over the entire spectral band that is incident ‘on the surface. The
-plot of G (A) vs A for a given substance is referred to as its absorption
spectrum, and is a signature of the substance '

_Dépth of Penetration

According to Eqn. 12, an absorbing gas will reduce the intensity of radiation
to a factor of 1/e or 37% of its initial value at a height when o;(A).Jndl = 1.
i{ince the attenuation is exponential, the radiation gets totally attenuated
ithin a few kilometres below, and this height gives the depth of penetration
of that particular wavelength. Fig. 3.6 shows the depths to which different
wavelengths of solar radiation could penetrate into the atrmosphere. The cut-off
wavelength of solar radiation reaching the ground lies in the UV-B band, the
exact wavelength being controlled by the column density of ozone and the
sclar angle. While wavelengths above 315 nm reach the ground at more or less
full intensity, wavelengths.below it arrive at reduced intensity getting - -
completely cut off before reaching 280 nm., - : -
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Fig. 3.6 Depth of penetration of solar radiation into the atmos_pheré
3.4.2 Natur_ai Global Warming

- The gases that were previously referred to as greenhouse gases, whiclrare
naturally occurring in the atmosphere, have the ability to absorb radiation
selectively, and cause warming of the Earth. This enables the Earth to
maintain its-global mean surface temperature at the present value of 15 °C.

- This is referred to as the natural global warming. The atmospheric gases,
- which take part in the global warming process are calléd radiative gases,
and their contribution to global warming is called radiative forcing.

Greenhouse Gasgs

The gases naturally present in the atmosphere that have this radiative
forcing property include CO,, CHy, N3O, H,0 and Os. They have low
absorption cross sections at shorter wavelengths but high cross sections at

. longer wavelengths.-These radiative gases have the capability to permit
most-of the solar radiation which-are of shorter wavelengths to penetrate the
atmosphere and heat the ground, while absorbing the terrestrial radiation of

- -longer wavelengths, thus disallowing such radiation to escape and cool the
atmosphere. In addition to these naturaily occiirring gases, there are many
gases introduced through human-activities, causing enhanced global -

~ warming. This topic will be discussed late{.
I Y
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The above radiative process taking place in the atmosphere is similar to
what takes place inside a greenhouse used in temperate countries to grow

- crops in the cold seasons. In a greenhouse, the transparent roofing, either
glass or plastic, permits short wave solar radiation to perietrate it but not the
outgoing terrestrial long wave radiation, which gets absorbed by the roofing
sheet. This results in the chamber maintaining a temperature several degrees
above the cold ambient temperature, helping plant growth. Hence, the
radiative gases playing the role of the chamiber roof are also called
greenhouse gases.

Greenhouse Effect

. The enhircement of the temperature of a greenhouse chamber due to the
absprption of out-geing terrestrial radiation by the chamber roof, is the
origin of the greenhouse effect. The Barth’s surface temperature is much
coaler than that of the sun. Hence, as mentioned before, the energy radiated
outlfrom the Earth is in the form of long wave IR radiation with
wavelengths 5-100 um: This radiation gets absorbed by the greenhouse
gases present in.the troposphere and referred to earlier. Part of the absorbed
radiation is emitted back to the Earth, and part to outer space, as shown in

'Fig. 3.4. This procéss reduces cooling of the Earth, and gives rise to
additional warming, causing surface temperature to increase. This resulis in
higher outgoing radiation, which then would match the incoming adiation. -

This phenomenon of increasing the surface temperature caused by the
presence of certain gases naturally in the atmosphere with selective
absorption properties is referred to as the greenhouse effect as applicable to
the atmosphere. If there had been no greenhouse effect occurring in nature,

.itis estimated that the global average temperature would have been -18 °C
- or 33 °C below the present mean temperature. Such a low global mean
tempgrature would not have sustained life on Earth.

.3.4.3 Scattering'

Much of the radiation received on the Earth’s surface is scattered radiation
rather than direct. Though radiation comes from the sun, the entire sky
appears visible because of the scattered light. Particles of all types including
gas molecules, dust, aerosols, water droplets and ice particles of size from.
sub-micron to several hundred microns-cause scattering.

The direction of scattering depends on the ratio of particle size to
“wavelength of the ingident radiation. Very small particles such as gas
- molecules scatter radiation in all directions while large particles tend to
scatter radiation more in the forward direction. These two cases are
described as Rayleigh scattering and Mie scattering, respectively. In
‘Rayleigh scattering, the intexisity of the scattered radiation in 2 particular
direction is inversely proportional. to-the 4™ power of the'incident radiation. -

78




Unit 3: The Xtmosphere

If we consider the visible radiation, the wa clengths that get scattered away
from the sun are the shorter wavelengths or blue light. This makes the sky
during day time appear blue, While during dawn and dusk, when the
direction of scattering is more in the direction of the sun, the sky appears -
red. In the case of Mie scattering where the particle size is comparable to or
larger than the wavelength; the scattering is not wavelength dependent. Such
scattering takes place in clouds and fog, resulting in their colour appearing
as' white or grey. ‘ ' ' '

Aerosols glso scatter incoming radiation. Particles with diameters below 1 |1
'm scatter more light per unit mass and have a longer lifetime than the larger
‘particles. Aerosols smalier than 1 pm containing sulphates, nitrates or
organic carbon scatter radiation efficiently, while those containing black
carbon absorb radiation efficiently. Scattering aerosols lower the surface .
temperature during daytime by decreasing the solar radiation incident on the
ground. The scattering of the incoming solar radiation by aerosol particles, -
particularly the sulphates, plays an important role in climate change by
reducing the intensity of radiation reaching the Earth’s surface resulting in
off-setting the global warming process partly.

-

3.5 Seasonal and Daily Variations

Climate and weather, which depends on the heating of the atmosphere, in
‘turn, depend on the amount of solar radiation received at any given instant,
and this varies with the season and hour of the day. In this section, we will
discuss how seasonal and daily variations in solar radiation influence the
atmosphere.

3.5.1 Seasonal Variations

- Solar Déclfnaﬁon

Seasons manifest in.the Earth’s environment because of its elliptic orbit’
around the sun with its axis inclined to the plane of its orbit or the ecliptic
plane. The Earth's equator is tilted 23.45 degrees with respect to the ecliptic.
The angle between the sun's rays and the Earth's equatorial plane is known
as the solar declination. It also corresponds to the latitude at which the sun
18 d_irectl_y overhead at midday. Declination values are positive when the sun
is north of the equator (March 21 to September 23) and negative when the

. sun is south of the équator. Its'maximum and minimum values are +23.45
 degrees and -23.45 degrees. The variation of declination with the day of the

* -year is shown.graphically in Fig. 3.7. _ o
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Solar Declination
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Fig:3.7 - Variatiop of so'lar_:- declination during the year

~ The Seasons

The exposure of one hemisphere to the sun more than the other for several

months of the year gives rise to the seasons. The hemisphere tilting towards .
- the sun receives more radiation with longer daylight hours and the
correspording season is called the summer. When it is summer for one
hemisphere, it is winter for the other with less radiation received and short
daylight hours: On June 21%, the northern hemlsphere is tilted the maximum
. of 23.45 degrees towards the sun, It is also called the surmmer solstice for
the northeémn hemisphere. On the same day, the southern hemisphere is tilted
23.45 degrees away from the sun, when it is winter solstice for the southern
hemisphere. Similarly, on December 21%, it is the winter solstice for the
northecrn hemisphere and summer solstice for the southern hemisphere. The
portion of the earth illuminated in different seasons is illustrated in Fig. 3.8.

September

‘ _' ' :Source WWW. doc mmu.ac.uk/aric/eae/climate/
o .'_‘Flg fﬁ 8 Posmon of the Earth in 1ts orbltal path

At th summer pole, the sun never sets, shining all 24 hours, whlle at the .

- winter pole the sun never rises being i in dark all 24 hours, The hours ‘when
. ‘salstices occur year after year are not exactly the same, but have a small

' cyclic variation of less than one day with a periodicity of several years.
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On March 21% and September 21%, the suns rays are in line with the
equatorial plane and the solar declination is zero. These are called the
autumn (or fall) and spring equinoxes and the sun passes directly over the
* equator. The latitudes, correspanding to the maximum declination of the sun
in the northern and southern hemispheres aré called the Troplcs of Cancer
and Capncom respectively.

The seasonal-variation with longer daylight hours during the summer has
sngmﬁcant implications on Fhe growth of crops, particularly the annual -
crops. A given crop has a better yield in temperate countries as opposed to
tropical countries, because of the longer exposure to solar radiation and

_corresponding phofosynthcms Seasons also influence the flowering of
Crops. ¥

3_."5.2 Daylight Period

As the sun sises and reaches noon in local tlme the angle of the sun to the
zenith varies from 90° to a minimum. This minimum angle at noon depends
on the latitude of the location and the day of the year. In the northern
hemisphere, within the latitude equivalent to the declination of thé'suff’and -
the equator, the sun reaches overhead on two days of the year, at noon.
Away from this latitude, sun does not reach overhead even at summer
solstice noon, but reaches only a minimum value, depending on the latitude.

The duration of daylight hours therefore depends on the solar zemth angle.
It can be cJ(pressed by:

cos sin ¢* sin & + cos¢p * cos S * cos T _ 14

where, ¥ is the zenith angle,
' ¢ is the latitude,
o is the solar_declinatioﬁ, and
T is the hour angle (15° per hour from noon).

‘_ The daylight hours or the photoperiod at a given location and a given day of

the year can be obtained from the above equatlon by-setting %, = 90°, which
yields,

cosT = -tand*tand _ 15

Since T gives the deviation from the noon, the total day.light hours will be
twice that given by T. However, the actual duration is slightly longer. than
what’is. given by this expression because of the refraction of rays coming
from- the  sun after. sunset or -before suprise. The daylight hours
. _correspondmg t6 summer and winter solstices for. different latltudes _
obtained fromn the above exprcss:on are given in Table 3.4.
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Latitude Winter Solstice . - ‘Summer Sclstice '
. _-(Deg) : AR
' Hrs Min, | Ars/mon | Min

90 0 ' ~6 mon

80 . 10 .| ~4 mon.

70 1o ~ 2 mon.

60 5 133 - |18 127
+ 50 7 42 - 116 18
40 9 . |o8 e 52
30 0 . |10 04 13 56
200 10 . |48 . 13 . 12
0 .| 125 12 38
0 J12 - loor . |12 | 00

Source: Campbell (197-9.)

Table. 3.4 Daylight hours at different latitudes -at,sum‘lmér and winter

_Solstices o

'3.5;3', Variatioh'of Solar Irradiance -

The total daily average solar irradiance incident on a horizontal surface at the
top of the atmosphere, E,, is obtained by integrating the above expression from

N

‘E, = - S*{Hd(sin¢* sin 8) + cos@*cosﬁl*cosﬂd} 16

p Us'iﬁg the value for S as 1353 W/m?, the maximurn value obtained for E, is

- conesPonding to south'pole during winter, which is 574 W/m? or 49.6 -

MJ/m”. The daily integrated solar irradiance at the top of the atmosphere for
different latitudes and times of the year are given in Fig. 3.9. According to .
this ﬁgurc, the daily irradiance at the equator at summer solstice’is only 33.5
MJ/m’, , while it is more than 42 MJ/m* at the north pole. This is because of
the 24 hour daylight hours at the poles wher it is only 12 hours at the
equator. There is also a slight asymmetry between the summier values in the
north -licmispherc and those in the .southern hemisphere, the latter being .

- higherjthan the formet. This is because the Earth, in its elliptic orbit round

the s_r_.lrr,__is closest to it on-December 21st.

|
1
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Fig. 3.9 Daily solar irradiance_at different latitudes and times of the
year, ) '

In order to determine the solar irradiance at the ground level, the absorption
of radiation by the intervening atmosphere, as described in Section 3.4.4 has
to be taken into consideration. The intensity after traversing through the
atmosphere given by Eqn: 13 for one wavelength has to be integrated both
over the entire Spectral range that is incident on the ground and also for al]
.the absorbing gases in the atmosphere. Since the spectral intensities at
different wavelengths, as shown in Fig. 3.3, or the absorption cross sections

of different gases cannot be expressed in an analytical form, this integration -

has to be performed numerically. However, this value is highly variable
. because of the unpredicted variation of cloud cover as well as the presence
 of other-substances such as aerosols, which attenuate the incident radiation.
Direct measurements of the irradiance are carried out using various types of
‘instrument. Such measurements show that almost 50% of the radiation
-received at'the top of the atmosphere is lost while traversing through the ¢
-atmosphere, as shown in the energy balance.in Fig.34. :
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Thé amount of radiation that gets lost in the atmosphere increases with its
pat'h length through it. Hence, the path length controls the amount of
radlatlon received at different latitudes ofjthe Earth at a given instant. Near
the' Equator, the path length and hepce thé attenuation is a minimum,-and the
intensity bécomes a maximum. At higher latitudes, the path length is long
even i the summer and hence the radiation incident is low. However, the
long duration of the day compensatcs for the loss of 1ntens:ty at high
latitudes. -

3.6 Temperature Profile

The temperature of the atmosphere is an important factor that determines the.

climate of the Earth. Factors that control the temperature, its variation with

‘height and stratification of the atmosphere into dlfferent reglons based on
temperature will be discussed here.

' 3.6.1 _Ground level Temperhtdre

The atmospherlc tempcrature depends on several factors: the absorptlon of
solar radiation by the Earth and the atmosphere, its loss into outer space by
terrestrial radiation and the gas laws which determine its distribution with
altitude. The temperature near the surfice is determined by the long wave
heat radiation emitted by the Earth fter being heated by short wave solar

. radiation. As mentioned previously, the greenhouse gases in the atmosphere
helps in maintaining the current global mean temperature at 15 °C,
Scientists have found that this temperature has remained within half a
degree over the Iast thousands of years.

) In the tropics, the surface temperature is more ar less constant throughout.

_ the year, The ground level tempcrature in the tropics has a small variation in
the range 25-35 °C yearround, except in the deserts, where the temperature
may even reach values as high as fifties. The surface temperature shows a
wide variation with the seasons at high latitudes, which could vary from
about 25 - 30 *C in summer to about -30 or 40 °C in winter.

-The heating of the Earth’s surface takes place onIy when it receives solar
radiation, but it cools all the time due to emission of terrestrial radiation.
Hence, during winter months, when the polar regions are in'complete-
darkness during the entire day, the surface temperature could drop to very

"+ Jow]values. This is more: promment in the south- po]c because there is hardly

| any mixing of polar air with air in the warmer regions due to the air
_ " !circulation in‘the southern hemlspherc being more: circumpolar than in the
ol _northem hemisphere. The différence in the surface topography in the two

* “hemispheres plays a-role here.
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The surface femperature also shows a diurnal variation, with a maxinum.
temperature attained a few hours after the noon, and the minimum just
before sunrise. At the tropics, the diurnal variation could be in the range 5 —
10 °C, depending on the elevation, while in the temperate regions, it could
be even more, depending on the season.

3.6.2 Stratification into Regions
, |

Among the planets, the temperature profile of the Earth is unique, in having
- several stratified layers characterized by different temperature gradients. _
These are described below, and shown in Fig. 3.10. - - a

T
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Fig. 3.10. Variation of temperature with héi_ght in the atmosphere

Troposphere _
.

In the region closest to the surface, the temperature has a negative gradient
up to a height range 8 - 15 km, with the lower values at high latitudes and
higher valies at low latitudes, This region is known as the troposphere.
The temperature gradient is about 6-8 °C per km. The height range with the
‘Tinimum temperature is.known as the tropopause, where the temperaturé
is about'-200-220'1{_at_.low latitudes. The drop in the pressure away from the
surface causes the temperature to drop at higher altitudes,'as well as the drop

--in the intensify of terrestridl-radiation away from the ground contributes to

. the dcclinc:in-.t_héj,_tcmp';rqtu_ré_: above-the surface, Most of the phenomena

responsible.for the weather at‘ground level, such as cloud formation and

winds; take place-in this region,
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* In the troposphere, there are a large number of polluting gases present,
emitted when fossil fuels and biomass are burnt for energy generation in
industries, power plants and vehicles. The reactive organic compounds
present in a polluted atmosphere enhance the conversion of NO to NO,.
Solar radiation at ground level photo -dissociates NO; producing O, which
‘will combine with O, to form ozone. This results in formation of
atmospheric smog.

1

Stra tosphere

The region above the troposphere,. known as the stratosphere, has a
posmvo tempcraturc gradient up to about 50-55 km. The temperature tise in
this region.is due to the heating through the absorption of 200 — 300 nm
solar UV radiation by ozone The temperature profile however, reaches a
peak around 55 km, because the loss of heat at greater heights is smaller
than that at lower heights. This peak temperature is around 260-280 X, .
which is sltghtly less than that near the surface, anid the correspondmg
hetght range is known as the stratopause. The stratosphcre is characterized
by extreme low moisture and the presence of the ozone Iayer Ozone is
concentrated into a layer with a peak densrty of about 5x10"® m™ ora
mixing ratio of about 6 ppm around 25 km in low latitudes.

Mesosphere

The temperature above the stratosphere has a negative gradient up to about
80-85 km, and this region is known as the mesosphere. The height range
whf:re the temperature reverses again is called the mesopause. The
minimum temperature attained here is around 180-200 K. The absence of a
suitable medium to absorb UV and EUV radiation filtering to these heights
results in the declination of the temperature in the mesosphere. The
mesosphere is characterized by the presence of negatwe ions along with free
elegtrons and hydrated positive ions. The ionisation in this region is caused
matply by solar Lyman alpha line at 121.6 nm ionising NO, resulting in the
formation of the D-region of the ionosphere. i

Thermosphere

Above the mesopause is the thermosphere whcrc the temperature has a

. positive gradient with temperatures reaching values in excess of 1000K at
heights above 120 km. The absorption of solar extreme UV radiation and X-
rays by oxygen and mtrogen at these heights causes the temperature to
increase. These ionizing radiations are responsible for the formation of E
and: F reglons of. the 1onosphere through the ionisation of 02 and Na.

L The mten51t1es of EUV and X radtattons have a strong dependency on solar
- activity, which has a [I-year cycle. Hence, the heat absorbed and.the -
. temperature in turn, also vary with the solar cycle The maximum,
thermosphere t tomperaturc varies between 1000 K and 2000'K,
corresponding to solar minimum and solar maximum, respectively.
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It was mentioned at the beginning of.this unit that the atmosphere is a

dynamic entity. The uneven heating, fluctuations in the pressure and

- temperature cause movements of air in the atmosphere, both in the planetary

scale and the micro-scale. Some of these transport mechanisms are given,
along with their scale dimensions, in Table 3.5, and described below.

Description Scale. Dimension

Examples .
L4

i

_ Moleculér scale <2 mm

Molecular diffusioﬁ, molecular \;'iscbsity

Micro-scale 2 mm -2 km

Eddies, plumes, exhaust emissions,
cumulus clouds

Meso-scale 2 —2000 km . Gravit’y- waves, thunderstorms; tornadgs,
N | local winds, urban air pollution
SynopticScaie . | 500-10,000Pm | Weather - fronts,

tropical storms
(cyclones), hurricanes '

Planetafy Scale >10,000 km _

Rossby (Planetary) waves,'Global wind
systems ' ‘

Soufce: Jacobéon (1999)

Table 3.5. Description of different atmospheric transport mechanisms

3.7.1 Diffusion

A

There are two types of diffusion pr(_)qesées,' molecular and eddy diffusion.
The rate of diffusion of one constituent within another is proportional to the -
divergence of its concentration. The copstant of proportionality is called the

diffusion coefficient.

Molecular-fofusic_)n

This is the smallest scale mbv-emenf,- taking plagﬁe at molecular level, This
 applies particularly to minor-species introduced from an external source or

through internal reactions. The molecular diffusion coefficient could be

obtained from the kinetic theory of gases, as;

o Dm;‘ L=
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where, - kis the Boltzman’s Constant (1.3807x10% kg m* /(s K
molecule) o ,

m* is the reduced mass of the:molecules
d is the mean molecular diameter.

The values of Dy, for most gases at standard temperature and pressure lie

between 1.4 and 2.1 x10”° m%/s. Molecular diffusion becores important as a

transport mechanism only above 100 km where the density is low. .

Eddy Diffusion ' oo

We offen see plumes of smoke discharged from stacks move as a whole and
diffuse into the surrounding air after- travelling some distance. Such
diffusion is referred to as eddy diffusion. These eddies rmay have scale
lengths ranging from several metresito several kilometres. The eddy .
diffusion coefficient, D, could be détermined by making observations
carried out on specially released vapour trails at lower altitudes, and by
observing the diffusion of nuclear debrls at higher altitudes. The typical
values determmcd for D, are about ! m*/s in the lower stratosphere and
about 500 m?/s in the mesosphere. Transport-due to eddy diffusion is -
determined by using the same equations as for molecular diffusion.

3.7.2 Boundary Layér, Convection and Advection.

- The boundary layer is that pomon .of the lower atmosphere influenced by
the earth’s surface which responds to surface forcings with a time scale of
about an hour or less. Generally, movements of air parcels vertically in the
atmosphere due to pressure or buoyancy differences are known as
Convection, and movements taking place-horizontally are known as
Advection.

Free convection is a predommantly vertical motion due to buoyancy created
by thermal turbulence. It is the mass movement of molecules containing
energy resulting from density differences. Thermal turbulence occurs when
solar radiation heats the ground differentially between shaded areas and sun-
lit areas. Radiation incident on the ground heats it and transfers heat to the
air molccules In contact with the ground through thermal conduction. The

heated air rises buoyantly and expands. The void is filled with cool air from

shaded dreas, which in turn gets heated and rises. The resulting convection
~ is thermal. The boundary layer is under fres convection when the vertical
- motion is due to thermal turbulence.
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Forced convection is vertical motion produced by miechanical turbulence,
created by winds blowing over hills and objects protruding from the surface.
Mechanical turbulence is the effect of eddies of different sizes, and mixes |
energy and materfal vertically and horizontally. Forced convection also
takes place when horizontal winds converge and rise. The boundary layer is
under forced convection when the vertical motion is due to mechanical
turbulence. |

3.7.3. Prevailing Winds

A prevallmg wind is the wind that blows most frequently across a particular .

region. Different regions on Earth have different prevailing wind directions,
which are dépendent upon the nature of the general circulation of the
atmosphere and the latitudinal wind zones. The direction of wind is
measured in terms of where it is coming from. A northerly wind blows air -
from north to south. A southwesterly wind blows air from the southwest to
the northeast. -

In general, the prevailing winds across the Earth may be identified as shown
in Table 3.6, although variations arise due to the positions and differential .

_ heatmg rates of the continents and oceans. The rotation of the Earth about.an
axis, which is inclined to the direction of radiation, makes the heating of the
Earth asymmetnc with respect to the Equatorial plane. This uneven heating
gives rise to convective currents.travelling from west to.east or westerlies

_ near the tropopause. In addition, convective currents in the meridional plane

transport excess heat from the tropics to the deficit areas in mid and higher
latitudes. : :

Latitude - IDirection {Common Name
L : (from) )
- 190-60°N - - |NE - [Polar Easterlies
l6030°N - ISW  [Southwest Antitrades
30-0°N NE - |Northeast Trades
0-30°S SE Southeast Trades
- p0-60°s ~ [NW . |Roaring Forties
90-60°S  [SE - - [Polar Easterlies

Sourcc http://www.doc.mmu.ac. uk/anc/eae/Chmatc/ '
Table 3 6 Prevailing wmd zones : '
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The convective air rises from the equatorial belt, and travels towards the
poles where there is subsidence of air. However, because of the rotation of
‘the earth, due to what is called Coriolis force, air moving towards the north:

pole in the northern hemisphere deflects to the right, and air moving towards
" the south pole in the southiern hemisphere deflects towards the left. Due to
frictional forces, winds turn only by about 45°, and give rise to N-E winds
in the northern hemisphere and S-W winds in the southern atmosphere.
These winds, which flow near 20° — 30° latitudes, were given the name of
‘trade winds’ or ‘traders’ as they helped traders to sail across oceans
centuries ago. 4 o -

Smt::gl\ﬂ-.
< Trades —_—

“\ \\Bj;,)..\

_ ".S'our'_ge: -@.Ww-.déé.mmﬁ;.ac;pk/a:ic/eaé:/climate/_
~ Fig. 3.11 Prevailing wind patterns in January and July.
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- The pressure differences in air close to the surface give rise to regional
winds. With a definite variation in-the latitidinal as well as longitudinal
differences in pressure, except for disturbed days, the wind regime too
adopts a corresponding pattern flowing in both equatorial or polewards and
northern eastward or southern westward. These wind patterns are shown in
Fig. 3.11 for the months ‘of January and July.

3.7.4 Monsoon Winds

Monsoon is catsed by land-sea temperature differences due to heating by
the sun's radiation. In winter, the continental landtnass cools rapidly
resulting in extremely low temperatures over central Asia. As temperature
drops, atmosphcrlc pressure rises and an intense high pressure system
(anticyclone) develops over Siberia. Cold air flows out of Siberia as north-
westerlies and turns into north-easterlies on reaching the coastal waters of
China before heading towards Southeast Asia. During the summer months
however, the large Iandmasses of Asia and the Indian subcontinent heat up,

" generating a seasonal continental region of low pressure. Airflow reverses
aitd wind blows southwesterly across the Indian Ocean, accumulating
consxderable moisture;. which is deposited as heavy tainfall during the wet
season from May to September. Monsoon in South and South-East Asia is
characterized by the SW winds flowing from May to September, and NE
winds flowing from December and February, each year.

3.7.5 Tropical Cyclones

Low-pressure areas originating in the tropics, little away from the equator,
which travel westwards with the prevailing winds often give rise to strong
winds. They are called cyclones in the Asian region, hurricanes in Central
America, and typhoons in the Far-East. High moist air is lighter than low
moist air, as a heavier air molecule is replaced with a lighter water
molecule. Therefore, when low-pressure-areas are created: for some reason
or other, air with-high moisture content could get into these areas first. In
the process, the moist air gets cooler and the moisture gets condensed, -
releasmg the latent heat and providing energy to-build up a vortex. With the
* prevailing winds, this vortex of air, with diameter of several hundred
kilometres, moves westwards gathering momentum and speed as it does so.

Generally, such storms originate over the oceans, and once the storm _
reaches the land, it results in much damage to property and even lives. There

© .i$ also a tendéncy of cyclone storms to turn northwards as it approaches
land, as evident in many events that took placc in the past over the Bay of
Bengal Fortunately, the movemcnt of cyclones can be closely monitored
using satelhte 1mages and prccautlonary measure taken-in time.
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3.7.6 . General Circulation Models

Modelling the transport systems in the atmosphere is a very complex
problem. A realistic model needs to consider all dynamical behaviour,
photochemical and also radiative processes, including their feedback
mechanisms, and coup]ing to oceans and land. The simulation of all the
atmospheric processes in a computer requires, first the expression of these
processes mathernaticaily in the form of partial differential equations by
applying the basic physical laws, and then their sofution numerically.

These models represent the large-scale circulations and interactions of the -
atmosphere in three-dimensional form. Current atmosphere models are
solved spatially over a three-dimensional grid of points on the globe with a
* horizontal resolute typically of 250 km and some 10-30 km in the vertical.
. The integration is carried over. 30 min steps. The physical laws are written
- for each cell in the form of differential equations, and they are integrated v
*  simultaneously to determine the-values of the parameters of interest. Among -
the outputs are temperature changes due to changes in radiative forcing, g
wind patterns and rainfall pattern changes.

In view of the'large number of gnd points and the number of paramctcrs the
-execution of these models requires super computers. In this exercise, an
initidl set of values is assumed, and the integration is carried through
different periods of time until the values converge to a stable set, Scme of

- the results obtained for the-movements in the troposphere, stratosphere and
the mesosphere are illustrated in Fig, 3.12, which shows the zonailly
averaged transport processes. The single arrows show the mean circulations,
and the double arrows show the quasi-horizontal and vertical diffusion.

SUMMENR WINTER

P {101

@

Source WMO (1985) :
Flg. 312 Zonaily averaged transport processes in the atmosphere.
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3.8  Weather and Climate "

3.8.1 Definitions '

Weather

The fluctuating state of the atmosphere, characterised by atmospheric
parameters such as temperature, pressure, humidity and precipitation that.
occur from hour-to-hour or from day-to-day is generally known as
‘weather’ or it can be-defined simply as the state of the atmosphere at any

- given time and place. As such; weather itself is a dynamic entity, and -
changes with time. These weather systems arise mainly from instabilities in
the atmosphere caused by its uneven heating and are governed by chaotic
non-linear dynamics. As a result, these variations cannot be predicted with
any certainty beyond a few days into the future. The Meteorology
Departments or National Weather Bureaus in a country give forecasts on
possible rainfall and temperature and their values expected during the day
are referred to as weather bulletins. Such bulletins may cover specific
geographic areas, large or small.

Climate

The weather, averaged over a period of time and over a specific i
geographical region, is referred to as the ‘climate’ of that region. Thus,
climate is a more static entity, but changes from.place to place, depending
on latitude, distance to the sea, vegetation, presence of mountains and other
geographical factors. Climate also varies with time; from season to season,
year {0 year; decade to decade or on much longer time-scale. It is sometimes
defined as.the average weather. A travel brochure describing a country’s
geography may include a write up on the country’s climate, giving
information on the average temperature for each season and average rainfall
data. The climate is essentially a long-term averaging process. The Climate
System, according to IPCC 1995 Report on the Science of Climate Change
is.defined as “the totality of atmosphere, hydrosphere, biosphere, and
geosphere-and their interactions”

.3.8.2 Climate'Zones
A ntimbex;_df climate zones or belts, chhradtcrized by different temperatures

and:rajnfall distributions, ¢an be traced between the equator and the pole in
each hemisphere. A brief description of these zones is given below.
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Tropical Climates

Centered roughly on the equator is the tropical or equatorial zone. Much of
the equatorial belt within the tropical climate zone experiences hot and
humid weather, with temperatures in the twenties and thirties of degrees,
with the coldest month above 18°C, and relative humidity percent in the
ninetics. There is abundant rainfall, with annual values in the range 5,000 —
10,000 mm, due to the gctivc vertical uplift or convection of air that takes
place there, and during certain periods, thunderstorms can occur cvery day.
Nevertheless, this belt still receives considerable sunshine, and with the
excessive rainfall, provides ideal growing conditions for luxuriant
végetation. The principal regions with a tropical climate are the Amazon
Basin in Brazil, the Congo Basin in West Africa and SE Asia.

Desert Climates

At about 30° north and south of the equator is a subtropical climate belt of
generally dry descending air, associated with high atmospheric pressure and
clear skies leading to desert conditions. Deserts are areas where the rainfall
is 100 low to sustain any vegetation, except very scanty scrub. The annual
rainfall is less than 250 mm, and some years may experience no rainfall-at
all. The hot deserts are situated in the subtropical climate zone where there
is unbroken sunshine for the whole year due to the stable descending aiv and
high pressure. The intense heat and lack of rainfall is typical of the desert
ciimate, which is commonly found in the subtropical zone. Here, maximum-
temperatures of 40 to 45°C are common, although during colder periods of
the year, night-time temperatures can drop to freezing or below due to the
exceptional radiation loss under the. clear skies.

\

Savannas

Befween the subtropical and equatorial zones trade winds blow, north-
easterly in the Northern Hemisphere and south-casterly in the Southern
Hemisphere. These regions are much drier than the equatorial zone, but
receive more rainfall than the desert climates. They have a single short rainy
season when the Sun is nearly overhead, whilst the rest of the year is dry.
These regions are often characterized by savannas, scrub and grassland,
which blossoms during the rainy season and die off during the prolonged
dry season. ' ' '
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Temperate Climates

o

In the mid-latitudes around 50° to 60° north and south there.is a'belt of
cyclonic low pressure, where the climate is usually temperate. The low-
pressure areas arise from the convergence of cold polar easterly winds and
warm subtropical westerly antitrades. The precipitation tends to develop
-along warm and'cold fronts, where cold air from the polar easterlies forces.
the warm, moist air of the westerlies to rise, which, on cooling, releases the -
moisture as clonds and ultimately rain and snow. Temperate climates are
those without extremés of femperature and precipitation (rain and snow)...
.The changes betweenisummer and winter are generally invigorating without
being extreme. - ' ' ‘

Polar Climates

-

The polar-regions are perpetually covered by snow and ice throughout the
year. In these regions, the temperature rarely rises above freezing. During -
the long polar nights, which last six months at the poles, temperdiires can
fall to extremely low values, as low as -80°C. Polar climates tend to be dry
because the descending air is cold and lacks significant moisture, preciuding
the formation of clouds and snowfall. Some polar regions receive, less than
250 mm of precipitation each year. At the highest latitudes in the polar-
regions, the cold air sinks producing high atmospheric pressure producing
dry, icy winds ihat tend to radiate outward from the poles '

3.8.3 EI-Nino Phenomena

El Nifio, the Spanish name for"Christ Child", is the name given to the
occasional development of warm surface waters in the Pacific Occan along
the coast of equatorial South America. El Nifio occurs roughly every 2 to 7
years, usually around Christmas, and lasts usually for a few weeks or

months. Sometimes an extremely warm event can develop that lasts much
longer, . '

"The formatjon of El Nifio is linked with the cycling of a Pacific QOcean

circulation pattern known as the E} Nifio Southern Oscillation or ENSO. In
a normal year, low atmospheric pressure develops over northern Australia

-and Indonesia, with _high_ pressure over the Pacific. Consequently, winds
over the Pacific move from east to west. The easterly flow of the trade

. winds carry warm surface waters westward bringing rainstorms to Indonesia
.and northern Australia. Along the coast of Peru and Ecuador, cold deep

water wells up to the surface to replace the warm water that is pulled to the
west. .
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El Nifio has the capacity tq influences atmospheric wind patterns worldwide  +
as well as flooding in Peru and.Ecuador, and drought in Indonesia and
Australia. The possible impacts include a shifting of the jet stream, storm
tracks and monsoons, producing unseasonable weather qver many regions
of the globe. During the El Nifio &vent of 1982-1983, some of the abnormal
yeather patterns which were observed included drought in Southern Africa,
§outhem,1ndia, Sri Lanka, Philippines, Indonesia and Australia; heavy_rain
and flooding in Bolivia, Ecuador, Northern Peru and Cuba; and hurricanes
in Tahiti and Hawaii. Because El Nifio may influence the mid-latitude
Lf\Iorthem Hemisphere jet stream, even the weather in Europe and North
America can be influenced. The miost-recent E! Nifio episode in 1997 and
1998 brought record high winter temperatures to many area$ in Europe
‘including the UK. Globally, 1998 became the warmest year on record.

3.8.4 Climate in South Asia

‘Monsoons

-

The South Asian region is'characterized by a tropical monsoon climate.
Differences in rainfall are of primary 51gmﬁcance in defining the climate of
the region. The most important feature is the seasonal alteration of
atmosphete flow patterns associated with the monsoon, which is due to the
seasonally modulated excess heating of the Asianlandmass in summer and
the excess coolmg in winter.compared to the ad_lacent oceans. Two monsoon
. systems operate in the region: the southwest or summer monsoon (June-
September) and the northeast or winter monsoon (December-April). The
rainfall during the summer monsoon largely accounts for the total annual
rainfall over most of South Asia (except over Sri Lanka where rainfall of the
winter (Northeast) monsoon is dominant) and forms a chief source of water
for agriculture and other activities.

The monsoon rainfall in South Asia is characterized by large spatial and
temporal variability. The arid, semi-arid region encompassing Pakistan and
Northwest India receive monsoon rainfall as low as 50 mm while parts of
Northeast India and the west coast receive over 1000 mm. This region also
features large year-to-year variations in the rainfall frequently causing
severe floods/droughts over large areas.

Extreme Events

There are two major anomalous regions: the arid and semi-arid parts
comprising of large areas of Pakistan and north-western Indian states of

- ‘Rajasthan, Punjab, Haryana and Gu_lrat which experience frequent droughts,’
-and the eastern Himalayan sub-region, fed by the Ganga-Brahmaputra-
Meghna river system, which are subjected to frequent floods. In India,

" “duiring the period-1871-2000 there were 22 drought years and 19 ﬂood
years. There had been three cases of prolonged drought condition,, viz.,
1904-05, 1965-66 and 1985-87. Such cases cause great calamity.

96




Unit 3: The Atmosphere

Similarly, there had been two cases of prolonged flood conditions, viz.,
1892-94 and 1916-17. Studies indicate a clear relationship between the

. occurrence of droughts (floods) in South Asia with the Bl Nifio (La Niiia)
events in the east Pacific Ocean. It has been observed that, during the period
1856-1997 there were 30 El Nifio years in which the averaged monsoon
rainfall over India was 7% below normal; in 10 out of these 30 cases,
drought conditions prevailed over India. Two years featured flood
conditions (1878 and 1983). During the same period there-were 16 La Nifia
years, 9 of which featured flood conditions over India. '

The cyclonic storms originating in the Bay of Bengal and blowing towards
India and Sri Lanka has been a frequent occurrence. Around 16.cyclonic
disturbances occur each year, of which about 6 develop into cyclonic
storms. During 1965 — 1990, on an average 2.3 severe cyclones with
hurricane force winds have taken place.

3.9 Enhanced Global Warming

3.9.1 Antiéipated Climate Change '

Earlier in this unit, we considered the Greenhouse Effect and Greenhouse
Gases, and learnt that the Greenhouse Effect helps the Earth to maintain its
global mean temperature at the present value of 15.°C. In this Section, we
will discuss more on this topic, as it has been observed that during the last
century, the concentrations of these Greenhouse Gases have increased
significantly, causing an enhancement of the global warming and a
corresponding increase in the global mean surface temperature by about
0.6°C. Such studies have been undertaken by an expert body called the
Inter-Governmental Panel on Climate Change (IPCC) established by.the
UN. . '

Scientists have expressed fear that if the emissions of these gases continue

to increase without any control, the Earth’s global mean temperature will
also increase correspondingly by several degrees. Based on palaeo-data,
scientists predict that even a few degrees rise in the global mean temperature -
could bring about a drastic change in the climate, resulting in adverse '
impacts on both the terrestrial environment and the humans. Sea-level rise is
an important consequence of enhariced global warming, A combination of
climate change and sea level rise would affect all socio-economic sectors
including agriculture, forestry, coastal zones, wetlands, water resources, -
energy generation, human settlements; tourism and also would increase the -
occurrence of extreme events sich as droughts, floods and cyclonic storms.
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2'1.9.2 Increase in Radiative Gas Concentration

There are two types of radiative gases: those occurring naturally in the
atmosphere, and those introduced in recent times through various industrial
applications. ‘ .

Natufa!ly QOccurring Gases

As mentioned before, the three naturally occurring radiative gases are

carbon dioxide (CO,), methane (CH4) and nitrous oxide (N20). In addition,
H.0 and Oj present in the atmosphere also contribute to the Greenhouse
Effect. Each suchi gas has a specific global warming potential (GWP), which
is expressed reiative to that of CO;, which is taken as unity. During the past
several decades, there has been a significant increase in the concentration of
these three radiative gases dué to various-human activities, resulting in
enhanced global warming. ‘

- Carbon dioxide is emitted mainly by combustion of fossil fuel and biomass
for energy generation, and due to changes in land use, particularly in the
tropics. Methane is.produced mainly due to agricultural activities including
paddy cultivation, rearing of ruminant animals, disposal of waste and also
- from gas fields. Various human activities such as biomass burning,
application of nitrogen containing fertilizers and fuel combustion contribute  *
to atmospheric N>O. Their estimated pre-industrial concentrations and the
current concentrations.are shown in Table 3.7, along with their global
warming potentials. S

1! Pre-industrial | 2000/1998 | GWP for 100 yr | Contribution to
Rhadiative Gas - concentration | concentration | time horizon | Global
b “(ppm) {ppm) Warming %
N';._lturallj( Oc.curring
Gases' ' . . ,
Ciu:bon dioxide 980 i369 i 63.8
| Methane 0.70 1.76 23 . |92
Nitrous oxide 0.27 0.32 © 296 5.7
Industrial Gases
CFC 11 ' 0 268(-6)% 3,800 10.0
CFC 12 0 533(-6) 8,100
HCFC 22 | 0 132(-6) 1,500 0.82
HCFC 123 : 10 i)~ - 90 -
HFC 134a 0 7.5(-6) 11300
HEC 152a 0 0.5(-6) © 140
Sulphur hexafluoride - - | © Sl o4ses | 22200 0.08
Perflorometane -~ - | 4006 | 80¢&) T | s700 0.29.
Perfluoroethane ©3.0(-6) S 100 i
Source: IPCC (2001) R
Table 3.7 Pre-industrial and current concentrations of radiative gases

¢

o8




Unit 3: The .-\tﬁnsphcrc .

Industrial Gases 4

Among the second type are the halocarbons such as chloro-fluoro-carbon
(CFC) compounds, hydro-chloro-fluoro-carbon (HCFC) compounds, hydro-
fluoro-carbon (HEC) compounds, perfluoro-carbon (PFC) compounds and
sulphur hexafluoride (SFe). A'common property of all these gases is their
long residence time in the atmosphere extending from several years to
several centiries, CFCs and HCFCs are used as refrigerants, foam blowing
agents and aerosol propellant and cleansing flid. However, in view of thejr

ability to deplete the stratospheric ozone layer resulting in many-adverse -
impacts, their consumption has already been phased out in developed
countries, and are being phased-out within this decade in other countries.
HFC was introduced in recent times as a substitute for CFCs. Their
concentration levels are also shown in Table 3.8, Though these gases are

found in extremely small quantities, because of their high GWP values, they

" contribute significantly to radiative forcing. :

3.9.3 Emission Scenarios

In order to estimate the future changes in the climate arising from enhanced

global warming, it is necessary to first estimate the possible emissions

caused by human actiwvities in the future. These would include emissions

from energy generation by fossil fuel combustion, agricultural acti vities and

land use. The energy consumption itself depends on several socio-econo.nic
-+ fattors, such as population growth and €coromic prosperity of nations. If we
were to make projections of emissions up to the end of this centiry, no one
could say definitely what the population and the economy of nations would
be at this period of time., The best we could do is to make certain
assumptions and develop several possible-scenarios.

Emission Storyiines

The IPCC has previously published two assessment reports based on six
future emission scenarios developed in 1992 using economic development
projections of the World Bank. The best estimate scenario-out of these was
referred to as IS52a. In 2000, the IPCC adopted a Special ‘Report on

- Erhission Scenarios (SRES) Lrwhich 35 possible emission scenarios were
considered. The Third Assessmierit Reéport (TAR) of the TPCC published in.
2002, made us of these ‘scenarios in their draft form: The set of scenarios _
comprised four basic.cases, described as ‘storylines', designatéd A1, A2, B1
and-B2. Each storyline describes a set of demographic, socil, economic,
technological and policy options that would reflect possible situations in the
future. Under each storyling, several variants were considered, designated
AlB, AlCetc. ' : o
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Emission Projections

Once the population growth and energy consumption from different sources
are known, it is possible to work out the GHG emission values expected in
2100, under each of the scenario families. Their emission levels, along with .
that of SO, which was an additional gas included in the TAR, are shown in
Table 3.8. The range of values under each family reflects the values for
variants under each family, The two fossil fuel dominated altérnatives, A1C -
and A1G gives higher GHG emissions, and the scenario A1T gives the
lowest, than the scenario A1B. The current emission levels are also shown
here. - :

The emissions of Methane arid nitrous oxide were based on the population
increases and the agriculture intensities needed to provide adequate food for
the people, as these two gases are emitted mostly from agricultural
activities. The energy related methane emissions were based on the energy

consumption scenarios.

Scenario CO, CH, N,O 1 SOx
(GtC) (MtCHy) (MN) (MtS)
| Aa1B 13.5-17.9 289-510 5.8-9.7 27.6-47.0
AlC 36.7-32.1 392.672 6.1-6.2 83.3-49.8
AIG 30.8-30.3 289-436 5.9-6.2 27.4-40.5
AIT 8743 291-274 4.8-5.4 | 27.4202
1A2 . 128.2-344. 549-1069 8.1-16.5 60.3-92.9
Bl 5764 236-377 - 5.4-9.3 -1_5.5-25;.9
B2 13.3-19.1 | 465-607 6.9-12.0 33.3-47.9
Current 6.4 | 600 16 88

" Source: IPCC (2001) |
~ Table 3.8 Emission projections in 2100 unider scenari

.«{_

100

ections i os considered in
" the IPCC Th_ird'A_sseg‘smgﬁt;[{eport, L ‘
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3.9.4 Temperature Rise Projections

Climate Sensitivity

In recent years, with the availability of powerful computers, both in memory
and speed, scientists have been able to develop computer models to study
the Earth’s climate system, using the General Circulation Models (GCM)
described earlier. One parameter that was calculated using these models was
the rise in surface mean temperature due to doubling of CO; concentration,
denoted by AU{2x{CO,]. This is equivalent to the Earth’s thermal capacity
and is referred to as the climate sensitivity of the Earth system. Even with
these complex models, only an al?proximat_c value could be obtained,
because of the difficulties encountered in expressing all physical processes
mathematically to simulate them on a computer. Hence, a range of possible
values is worked out, representing the minimum, the best estimate and the
maximum. These were estimated to be 1.7, 2.8 and 4.2 °C/{2x[COa],
respectively, as given in the TAR. '

Temperature Projections

The global mean temperature rise could now be computed using the range of
emissions and the climate sensitivities discussed above. Climate change
simulatioris were assessed up to 2100. The GCM in which the atmosphere-
ocean coupling was considered, was used in these projections.

The SRER 1998 has considered 3 new scenarios, only a selected few have
been considered here. These are the four marker scenarios AlB, A2, Bl and
B2, and two others from the Al family representing different energy
technology options; AIF1 and AIT. ‘Corresponding to the mean climate
‘sensitivity of 2.8 °C/H{2x[{COa], these six emission scenarios give a set of
values for temperature rise, ranging from 2.0 °C to-4.5 °C. '

The projections corresponding to the extrem# climate sensitivities of 1.7 and

4.2 °C/{2x[COa]}, were in the range 1.4°C - 5.6 °C. The full set of values

- corresponding to all SRES scenarios and the climate sensitivities lies within
the range 1.4 °C and 5.8 °C: The different projections obtained for different

emission scenarios are shown in Fig. 3.3, These projected increases in

- temperature, particularly the high values, may not be realised if the
developed countries adopt new measures to mitigate GHG emissions in the

- future. o -
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Fig. 3.13 Projections in global mean temperature due to anticipated
global warming . .

3.9.5 Precautionary Measures

The Framework‘Convention on Climate Change

The topic of enhanced global warming and its adverse impacts globally has
drawn the attention of scientists and policy makers in the seventies and the
eighties, and as a result, the UN adopted the Framework Convention on
Climate Change (FCCC) in 1992 at the Earth Summit meeting held in Rio
de Janeiro. The main objective of the FCCC was to achieve stabilization of
greenhouse gas concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the climate system. The
Convention required 38 industrialized countries, listed in an Annex,fo
reduce their GHG emissions back to 1990 1evels by 2000. However; this’
‘was a measure to be taken totally volnntarily by each country. Fears hdve
. been expressed by developing countries and others that this measure alone
- would not achieve the objectives of the Convention.
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- The Kyoto Protocol

One of the adverse impacts of glebal warming is the rise in sealevel, which
could affect severely thelarge number of low-lying small island states. With
their initiative, the Parties to the FCCC, in 1997, adopted a legally binding
protocol, Kyoto Protocol to UNFCCC, which made it mandatory for the 38
countries to reduce their GHG emissions below théir 1990 levels by
specified amounts, during the 5-year period 2008-2012. The overall
reduction of emissions is expected to be at least 5% below 1990 levels.

- However, if the countries were allowed to emit without any controls in
place, their emissions would increase steadily achieving some high values

- by 2010. When compared to these uncontrolled values projected for the
same commitment period, the expected reductions could be as high as 25-30 .
%.-The Kyoto Protocol has provided several mechanisms through which this
burden could be shared with developing countries. '

3.10 Ozore Layer D_ép_létibn \

3.10.1 Occurrence of the Layer

It was mentioned earlier that the ozone layer is respongible for the absorption
of harratul UV-B radiation in the range. Ozone is found in the atmosphere as a
- minor constituent extending from ground level up to about 100 km,
concentrated into a layer between about 15— 50 km with a peak around 20 - 25
kmi, depending on the latitude. The distribution of ozone concentration with
height has a latitudinal dependence, the profile being thin at low latitudes and
thick at high Jatitudes. A low latitude profile based on rocket and balloon
- measurements is shown-in Fig. 3.14. The thickness of the ozone layer is
- generally expressed by-its column density, which is the height of a
hypothetical ozone column, expressed in mitli-cm, formed when the ozone
layer is compressed to a uniform pressure of one atmosphere, It is sometimes
 referred to as the Total Density or Total Ozone, using a unit known as the

Dobson Unit (DU). The global average thickness of the ozone layer is 300
DU. : B o
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Fig, 3.14. Height distribution of ozone concentration ‘

The ozoneé column density is measured from ground level using special

- spectrometers developed for that purpose. A large number of observatories
have been established around the world to monitor ozone level using these
instruments. The ozone layer thickness is also measured from the top of the
atmosphere using sateilites. These measurements show that the average
thickness of the ozone layer around the tropics is in the range 240 - 260 DU
while it is in-excess of 250 DU in mid-latitudes, where the thickness has a
seasonal variation also, being highest in the spring around 450 DU, and

minimum in the autumn,
: ?.-1_0,2 ‘Ozone Depleting Substances
) . . b .

Chioro-fluoro-carbons (CFC)

ﬁhe_rwood Rowland and Mario Molina, in 1974, predicted that the ozone layer:
could get depleted due to the-action of a certain family of industrial chemicals,

* . which were released to the atmosphere in large quantities annually. This
family is the same as that mentioned previously. as one of the industrial
greenhiouse gases, namely, chloro-fluoro-carbons (CFC). When a fluorine
atom is substituted in place of a chlorine atom in carbon-tetrachloride, (CCly),
depending on the number of chlorine atoms replaced, a series of compounds
could be obtained - CFCl;, CFaCl,, CF:Cl ete. These compounds are very
stable in the troposphere. :
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Rowland and Molina found that these substances would slowly diffuse into the
stratosphere and get exposed to UV radiation there. Though they are not
chemically active while in the troposphere, it was found that UV radiation in

_the stratosphere could easily detach a chlorine atom from these compounds.
The released chlorine atom could then initiate the following reactions with
ozone, converting it to oxygen. '

O:  + Cl N ClIO + O,
0O + CIO N cl o+ 0,

There are several other reaction paths, and their overall effect is to convert
ozone into oxygen. One important factor here is that the chlorine atom, which
initiates the chain of reactions will end up again as a free atom. Here, chlorine
atom acts as a catalyst, and it is estimated that each chlorine atom could
convert several tens or cven hundreds of thousands of ozone molecules into
oxygen, which makes it possible for a man-made substance to make a dent in
the naturally occurring ozone layer.

"‘Bromine Compounds

Subsequently, it was found that any chemical containing either chlorine or
bromine, which is relatively stable at- ground level, but breaks down in the
stratosphere due to the action of UV radiation, could destroy ozone. These
substances include hydro-chloro-fluoro-carbons (HCFC) used in domestic atr-
conditioners, brormo-fluoro-carbons (BFC), also known as halons used in fire
extinguishing, carbon tetrachloride, methyl chloroform, methyl bromide used
as a soil fumigant in tea nurserics and many others.

In one reaction path, ozone gets converted to oxygen without the {ntervention
of atomic oxygen. This 1s-

.05 o+ Cl - +
O3 + Br - BrO + O
ClO + BrO — + CI + Br.

Since atomic oxygen concentration in the stratosphere is not very high, this
path is considered to be more efficient than that involving atomic oxygen. Also
bromine is considered to be more efficient in converting ozone inlc oxygen
than chlorine.
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3.10.3 The Depletion

The Ozone Hole

The depletion of the ozone layer was first detected over Antarctica by a team
of British scientists who have been measuring the ozone content there from
1957 onwards using a Dobson Spectrometer. Up to about 1972, these

- measurements rémained more or less constant around 300 DU, though there

" had been a year-to-year fluctuation: However, they noted that beginning 1972,
the-measurements showed a gradual decline during the spring months of
September and October each year, reachmg values.below 200 DU by 1985.

X ,Satelhte measurements also showed a reductlon in ozone column density
during the months of September to November each year beginning 1979.
During 1992, the reduction had been even below 150 DU, which was more
than 50% from previous observations, and the depleted area covered the entire
Antarctica. This region of depleted ozone was in fact referred to as the *Qzone

"Hole' in the sky. Measurements taken in subsequent years showed that in the
Ozone Hole, the column density has dropped even below 100 DU. A mappmg

of the ozone hole over the south pole made by satellite instruments is shown in
Fig. 15.

EP/TOMS Total Ozone for QOct 15, 1998

Dobaan Unils
Dark Gray < 100, Red > 500 DU GsFe/o16

GEN:250/18%8

Sourcc WwWw. unep.org/ozone/ ,
Flg 3.15. Ozone levels over the south pole showmg the ozone hole.
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Non-Polar Latitudes

Scientists also found that during winter months, ozone column density
suffered a significant reduction in other parts of the globe too. An assessment
of data taken during the 20-year period from 1979 to 1997 has concluded that
in both hemispheres, in mid- and high latitudes in all seasons, the depletion has
been large and statistically significant, while in the low latitudes, between 20
°N'and 20 °S; there has been no statistically significant depletion, The actual
observed trends, averaged over the longltudes are shown in Table 3.9

Latitudes _ | Mean Depletion (% per decade)

1 Annual .| Dec - May - Juﬁe-Nov
50°- 65°N - 137 . 4.4 2.8
30°-50°N 2.8 3.8 1.7
20°N-20°S |05 o3z 1o
30°-50°8 |19 | 2.4 1.4
50°-65°S | as 34 5.2

Source:  WMO (1998) A
Table 3.9 Depletion of the ozone layer in non-polar latitudes

It should be remembered that in tropics, even though the depletion has not
* been significant, the year-round total density has been the lowest, resulting in
the highest flux of solar UV radiation reachmg the ground.

- 3. 10 4 Precautlonary Measures ,

The predlctlon in 1974 of a possible dcpletxon of the ozone layer caused fear
among scientists and policy makers of its grave consequences, which included
an increase in the incidence of skin cancer cases, particularly among the fair-
ccomplexioned people, an mcrease in the incidence of eye-cataracts; a lowering
.of the human immune system efficeiency, a decrease in the crop productivity
- and a reduction in the life of synthetic materials. This prompted the UNEP to

" “adopt in March 1985, an intenational agreement called the Vienna
) -ConventJon for the Protection of the Ozone Layer, with the objective of

- encouraging couritries to undertake studies on the-0zone problem, develop
alternatives to ozone depletmg substances and coordinate exchange of
- -mformatlon : :
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The discovery of the *Ozone hole' in 1985 and the growing scientific evidence
that man-made CFCs were indeed responsible for the ozone layer depletion,
made UN Environment Programme (UNEP) to take the initiative to adopt a
legally binding protocol, called the Montreal Protocol on Substances that
Deplete the Ozone Layer, for the purpose of controlling the consumption of
ozone depleting substances, initially applicable for the developed countries.
Under this Protocol, all developed countries have already phased out the use of
CFCs and other ozone depleting substances, while the developing countries
have frozen their consumption, with a target set for 2010 for a complete phase
out.

There has been a somewhat conflict between the Kyoto Protocol and the
Montreal Protocol, in that HFC, which is the substance that was introduced

"under the Montreal Protocol as an alternative to CFCs, has been included as
a substance to be controlled under thc Kyoto Protocol, because of the global
warming potcntml of HFC. ‘

- Summary

The atmosphere is essential for the survival of life on Earth, Its maior
constituent, oxygen provides life-giving support to animals and prevents
harmful solar radiation from reaching the ground. Its constituent. <O plays
a key role in the carbon cycle, and along with many minor constituent gases,
serves as a radiative gas keeping the Earth warm enough to maintain life on
it. Some of them filter out harmful solar radiation and control the pollution
in the atmosphere. Moisture and aerosols are important players in the energy
balancing process, through abSOI'p[lOI'l and scattering of solar and terrestrial
radiation.

The key climate parameters pressure, tempcraturc and precipitation, have a
wide variation with the altitude-and also a spatial and temporal variation
globally. The stratification of the upper atmosphere into several regions
having different temperature gradients is characteristic to the Earth. The
variation of pressure and temperature over the surface causes winds to blow,
which have regular as well as sporadic features. The variation in climate
parameters could be linked to variations in solar energy deposited on the
Earth, which as a seasonal and a diurnal variation. The Earth is classified
into several climate zones depending on the temperature and ramfall
dlstrlbution and also the moisture content.

Certain human activities over the past several decades have caused a'threat
to the future of the Earth’s ability to sustain life on it, One is the enhanced
global warming, arisen as a result.of changing the composition of the
atmosphere through emissions from uncontrolled combustion of fossil fuel -
and biomass. The other is the depletion of the ozone layer caused by the
emission of chemical substances that could convert ozone into oxygen in'the
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Introduction

'The hydrosphere is the water-portioil of the earth; which consists of liquid
water in lakes, rivers, oceans, sedimentary rocks as well as ice in sea ice.
This lesson focuses on various aspects of the above components of the
hydrosphere. If begins with an overview of watet, which is essential for life
on earth. '

As you know, water is a peculiar substance. It is the only liquid commonly
found on the surface of the planet and that is useful to life, The stracture of.
the water molecule and its specific.properties have.created surprising
physical and chemical conditions.. This has made it biologically important
thus enabling many organisms to exploit all systems of water.

All water on the planet is constantly recycled , by a system known as the
hydrologic cycle driven by solar energy. In this cycle, water is lost to the:
atmosphere as vapour from the earth,-and in turn is precipitated back in the
form of rain, snow, frost etc. This precipitation and evaporat:on continues
forever and there by mamtam the amount of water in the air, 1and and
ocean. : :

When you learn about the composmon of the hydrosphere you will find
© that.our- Earth contains an immense. amount of watet, covering 71% of its
surface up'to about an average depth of 3800 meters. Out of this large
-amount of water, only about-0.25% could be used for human consumptlon

.- Over 97% of thls water 1s dep031ted in the ocean depress:ons

o
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The habitats in the freshwater environment frequently integrate with one
another, and they are divided intd' two categories: the standing water bodies
which comprise lakes and ponds etc. and the running water bodies that
include streams and rivers. '

The physical structure of the above water bodies is determined by the
distribution of factors such as light, heat and currents which vary by day and
season. The chemical structure results from the uneven distribution of
chemicals. '

The estuaries are partially enclosed coastal embayment, where fresh water
and sea water meet and mix. Most of the characteristics of the estuaries
result from the flow of fresh water and sea water. Tides add additional

-complexity to the circulation pattern and salinity gradients, within the
estuaries.

The estuaries discharge their contents into the Ocean, which is a large -
-interconnected body of water that is constantly in motion, mixed and moved
by winds, waves and.currents. -

4.1 The structure of water and ite. properties

Water is probably the most important-natural resource on the earth. It is a
vital chemical constituent of living cells and a habitat for large number of
-organisms. It is worth while then, looking at some of its chemical and
physical properties.

Water has the chemical formula H,0, and it exists as a liquid, solid and .as
;japour. This simple molecule has many surprising properties which are

‘biologically important, and many of them result from its molecular
sfructure. , _ '

‘molecule of water results, from the formation of two single covalent
bonds between an oxygen atom and two hydrogen atoms {Fig. 4.1a). The
oxygen atom has a greater power in attracting electrons than that of the
hydrogen atoms. As a résult, the oxygen atom acquires a partial negative
charge, and each hydrogen atom a partial positive charge (Fig 4.1a).
Molecules such as water, that exhibit charge separation are térmed polar
molecules and they have a marked affinity for each other.

The charge separation has resulted in an arrangement of a tetrahedron for
the water molecule and a bond angle of 104.5 degrees. It dlso allows the
oxygen molecule to form weak hydrogen bonds with the oppositely charged
hydrogen atom of another molecule. This allows water molecules to
combine together in an .uniliterrupted-net work (Fig 4.1b). Each of these
hydrogen bonds is individually very-weak and transient and contains only
about 1/16 of the energy of a normal covalent bond.
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Therefore, when water changes, from the solid phase to liquid and then to
vapour, hydrogen bonds strain or break. However, the cumulative effects of
very large numbers of such bonds could be enormous, and are responsible
for many of the important thermal properties of water about which you are .
going to learn now.
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Fig. 4.1 a. The arrangement of H and O atoms ina molecule of water -
and its charge separation
b. Lattice of Hydrogen bonds

Thermal properties of water

High specific heat capacity

Specific heat is the amount of heat (4.2 KJ) required to raise 1 Kg of water

. by 1°C. Water has a high heat capacity. Therefore it can absorb large
amounts of heat with only a small increase in temperature. This is because

" much of the energy is used in breakmg the hydrogcn bonds: High specific
heat capacity of water enables aquatic organisms-to survive even the mtcnsc
solar radiation at the equator, as water prov1des a very constant
env1ronmcnt  Therefore blochemlcal procésses can operate only over a small
temperature range and procced at more constant rates are less likely to be
inhibited by extremes of temperature in aquatic environments. Water also

stores a.lot of heat per: unit vo]umc and large volumes of water can thcrefore
: alter chmate :
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High latent heat of fusion

Latent heat of fusion is the amount of heat gained or lost per unit mass of a
substance, changing from a solid to a liquid, or liquid to a solid phase,
vithout an accompanying rise or fall in the temperature.

Eor 1 Kg of water at 0°C to freeze, a large amount of heat (( 3.34x106°J)
must be released. Conversely when ice at 0°C melts to'water at 0°C, an'
eaual amount of heat must be absorbed.

High latent heat of fusion of water helps to maintain the temperature at a
critical point (at 0°C), before freezing. This prevents sudden freezing of-
Watcr and melting of ice in temperate lakes which make the transition
between seasons less abrupt, enabling organisms to adjust gradually 10 the
changing climate. In addition, it prevénts the formation of ice in the tissues
of organisms when the body is freezing, (Ice.crystals are particularly
damaging if they develop inside cells). Also this property inhibits large
scale freezing of oceans.

High latent heat of evaporization

Latent heat of evaporation is'the amount of energy that required v hen liquid
water changes into vapour, or vapour into liquid water, at 100°C. As a large

_amount of energy is required to break the hydrogen bonds between the
molecules (so that they can escape as a gas), water has an unusually high
boiling point. This character of water causes most of it to exist in liquid
form at atmospheric temperature.

The energy needed by water molecules to vaporize, resuits in the loss of
energy from their surroundings. This results in a cooling effect. Sweating
and panting by mammals bring down their body temperatures. The
evaporation of sweat and saliva allows, loss of large amounts of body heat
with a minimal loss of water from the body. For instance every gram of
water that evaporates from the human body removes 586 calories of heat
from the body.

This high latent heat of evaporation of water is also important in reducing
the evaporation of water from lakes and seas and moderating sea surface
temperatures by transferring large quantities of heat to the atmosphere
through evaporation.
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Cohesive properties and surface tension ’

Water molecules being very polar themselves, are. attracted to each other
and also to other polar molecules. When this attraction is between each
other; it is'referred to as cohesion.

It is because of this cohesive propel‘;'ty, that water can form a lattice of
hydrogen bonds, which allows it to remain as a liquid, at normal
atmospheric temperatures. At the air/water boundary they stick together so
thoroughly, resuiting a high surface tension, that will support light weight. -

. substances if they are spread out over a larger area. For example, a floating
leaf with a large surface area, or an insect like a'water strider, that
distributes its weight over a larger area (by spreadiﬁg its long legs), can float

-on-water. The surface tension decreases with increasing temperature,
sallmty and addition of organic surfactants produced by plants and animals.

Adhesive 'prqpe-i'ties and capillary action

The atiraction between a water molecule and a polar molecule of a different
substance is called adhesion. Water is adhesive to any substance with which
it can form hydrogen bonds. This is why certain things get *“wet” when they
are dipped in water, and why waxy substances composed of non polar
molecules do not get wet.

The adhesion of water to substances with surface electrical charges, is
responsible for capillary action (rising of water and watery substances in
narrow tubes). This ability helps to pull water up.through conducting
tissues, in trees as tall as 100m, and water to creep up trough minute spaces
in soil making it available to the roots of plants. It is also responsible-for the
uptake of water (imbibition) by seeds of plants, to permit germination.

Solvent properties,

Water is-almost a universal solvent, with the ability to dissolve more
substances than any-other liquid. This is because the solvent action is of two
types.-One depends on the polar characters of the molecules and the other on
the hydrogen bonding. The polar character helps to dissolve various salts by
* the interaction of their ions with the charges on the water molecule. (E.g.
table salt-= NaCl - dlssolvmg in water) (Fig 4.2).
Various non polar organic and inorganic compounds are held in solutxon by
hydrogen bondmg thus producmg hydrates (E.g. water and protein
molecules)
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SaIt 1ons
in the crystal

- Interaction of salt ions
with water molecules

Fig 4.2 Action of charged water mulccu.es with Na* and CI" in a salt
crystal .

Den_sity'and' Freezing properties

The density or specific gravity of pure ice at 0°C is 0.9168. It is about 8.5 %
lighter than liquid water at 0°C (0.99987) and that is why ice floats on
water. Solid ice has a regular molecular structure with slight gaps between
the molecules. As ice melts, the.regular structure breaks up and the gaps fill
up. The density therefore increases. This effect continues until 3.98°C (~-
4°C), so water at this temperature has the highest density. Above 4°C, the
density decreases, as molecular expansion takes place.

The difference in density of hot and cold water is responsible for the great
resistance to mixing of water masses. The rate of change of water density is
not constant with change in temperature: the densuy decreases more rapldly
at hlgh temperatures (Fig. 4.3b). Density of water increases with increasing
concentrations of dissolved salts-in a linear fashion. These vananons may be-
small, but they cannot be 1gnored

Now let us con51der how thesc dens:ty dlfferences enable animals in water -
to survive durmg ordinary winters.

On reaching a temperature of 4°C, water sinks.to thc bottom (Flg 4.3a). The
water at the surface cools further and forms an ice crust, which acts as an |
insulator, and prevents the total freezing of the water body. The animals can
. live under the ice cover until winter is over.
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The density of water is 775 times greater than that of air at standard
temperatures & pressure (0°C, 760 mm Hg). Due to this high density, water
makes aquatic organisms buoyant against gravitational pull and reduces the
energy required for an organism to maintain its position. In most fresh water -
animals the supporting tissues are reduced (e.g. most of the plankton,

benefit by just floating passively in the water column, as buoyancy supports
their weight). These adaptations are rousplcuous even among aquatic
vascular plants.
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Fig. 4.3 a.Changes of density with temperature in freshwater
b. Temperature variation with depth during winter

e

Viscosity and othet proper't,ies_uf water

Viscosity'is a measure of a liqilid"a. resistance to flow. It is influenced to a
minor extent by the salinity of the water, buttoa considerable extent by
temperature. Viscosity of water is much hlgher at lower temperatures and
doubles when temperature is lowered from 25°C to 0°C. However, it '
decreases with increasing temperature. : :

The viscosity of water offers frictional resistance to movmg organisms.

- Therefore organisms have to spend considerable amount of energy to
overcome. changes in viscosity. The sinking rates & the distribution of
passive orgamsms (such as plankton), are mfluenced by densxty related
changes in viscosity. ° .
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' Protective functions of water

Water absorbs harmful infra red radiation of the sun. Large amount of the
incoming solar radiation is dissipated.in the evaporation of water from the
ecosystems of the world. It is this dissipation of energy that moderates the-
climate and makes it pleasant for life to exist on earth,

Effluent from industrial plants and factories, and insecticides from
agricultural lands are dlscharged into water, where they become diluted and
sometimes even change the chemical composition. Thus, water makes them

less dangerous to life.'In industrial countries, oil pollution and nuclear

pollution can become serious threats to aquatic life as evident from some
recent accidents. Also, gases released by certain factories cause rain water to
becomc acidie. The deleterious effects of the above are reduced by dilution
with water.

Activity 4.1

1

State the physmal properties of water that aiz important, in ine bidlogical processes
given below. -

1. Prevent formation of ice in the vascular tissues of plants and in animal tissues.-----

Help in cdoling the bodies of animals, =-------~---res-narasn

Moderate daily and seasonal temperature variations and stable body temperature
of organisms,=«-=r==smmeemem e

5. Enhance a variety of chemical reactions.

Allow aquatic animals to survive in ordinary winters.------------------

7. Allow water striders to skate on the surface water.---eres=emmeemsemssamseaeas

4.2 Hydrologic Cycle (Water cycle)

The total amount of water in the world remains constant. What changes is
its state and availability. Water is constantly being recycled in all its forms,
(ice, liquid and vapour), by a system kncwn as the hydrologic cycle which
is driven by solar energy (Fig 4.4). It involves the continuous recycling of
water between the atmosphere, land and oceans by several processes. Within

- the atmosphere vertical and horizontal air movements including winds

transfer moisture from place to place. The streams, rivers-and glaciers
transfer water from land to the ocean where large scale currents transfer
water within the oceans.
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Fig 4.4 The Hydrologic cycle

The three major processes involved in the hydrologic cycle are: evaporation
and evapotranspiration, precipitation and surface run off.
Atmospheric water, surface water and ground water are all part of the
hydrologic cycle. Let us consider how water re-cycles within and between
these realms by the above mentioned processes.

f

Evaporation and evapo-transpiration

The hydrologlc cycle can be crudely v1suallzed as starting with the
evaporatioh of water from the oceans, seas, lakes and rivers. A significant
quantity of water that reache< the earth (soil) is lost into the atmosphere by
evaporation. Some of it is lost. “rough plants by transpiration from their
leaves. During the above process vater is transferred thréugh the scil by
capillary action, then from the soil through the roots of plants by osmosis
and then to their leaves. Due to the fac: tht che process of evaporation and
transpiration are difficult to separate, evapo-lransprratxon is generally used
to describe the combined process. This water that undergoes evaporation
and evapo-transpiration becomes a part of the atmospheric store of water
vapour, which condenses and creates clouds.

Precipitation

'Precrpxtatron is process by which water returns to land. There are four major

- -types of precipitation, namely drizzle, rain, snow and hail; With the

" exception of high latitude and high altitude regions, rain tends to be the

most important form of precipitation. During winter in some temperate

latitudes, however, snow can be more 1mportant than rain, and when it melts

- sucldenly it releases large volumes of water.

~ The rate at which, groundwater IESOUrces (aqulfers) is replemshed is
basically dependent upon the quantity of precipitation.
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Surface run-off

Water falling on land as precipitation will either accumulate on the surface
soil and eventually returns to the atmosphere by evaporation, or will-
infiltrate the surface layer. Subsequently this water percolates to deep levels
and reaches the water table to form ground water. These waters are
discharged either directly or indirectly to rivers and scas by way of seepage
and springs (Figs. 4.4). :

&f the rain fall intensity is much greater than the infiltration capacity of the
soil, excess water moves in surface channels as surface runoff into streams,

IFiwzrs and lakes and later empties into the ocean.
|

.

Activity 4.2

.The major processes of the hydrologic cycle are given below. Briefly explain the )

involvement of each process in the hydrological cycle.
Precipitation -~ = - "
Evapo-transpiration ----- '
Surface run off - —

4.3 Composition of hydrosphere

The total volume of water in'the global water cycle is estimated at about
1.384 million km?, Depending on the salt concentration or salinity, this
water could be categorized into fresh water, and salt or saline water.
[Salinity is a measure of the total concentration of all salts (principally
sodium and chloride). The salt concentration is usually given the symbol %o
(Parts per thousand)}. In the sea water, the salinity varies

between, 33%o0 - 37%o0. The mean salinity of sea water is 35%o. For fresh
water the salinity is always less than 0.5%o0.:

At any one point in time, around 97.6% of the world’s water is saline or in
othér'words, salt water. Most of the water is-found in the oceans, which.
clearly play an important role in the global water cycle (Fig. 4.5). The
sremainder of the salt water makes.up the salt lakes. This means that only
2.5% of-the volume of watef in the world is actually fresh water. Some 75%
of this fresh water is locked up as polar ice caps and glaciers with a further
24% located underground as groundwater. This means that less than 1% of
the total freshwater is found in lakes, rivers and the soil.

‘Nearly 0.01% of the world water budget is present in lakes and rivers,

another 0.01% present as soil moisture which is unavailable to human
supply. So while there appears to be lots of water in the world, there is in

. reality very little, which is readily available for the maintenance of

terrestrial life on Earth (Table. 4.1).
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Storage component Volume (km® x 10%) Total percentage of water
Oceans : : 1350 400 97.6

Saline lakes and inland seas 105 0.008

Ice caps and glaciers 26000 1.9

Groundwater 7000 0.5

Soil moisture 150 0.01

Lakes = 125 0.009

Freshwater rivers - 2 "1 0.0001

Atmosphere . i3 0.0009 -

Total 1384000

All figures are approximate estimates and rounded

Table 4.1 Major natural stores of wate

- cycle

r within:the global hydrologic

Activity 4.3

o0

1. The percentages of the stock of water at different natural storages in the hydrologic
cycle are given in Figure. 4.5. Identify the storage basin with the help of table 4.1.
The largest storage basin is already identified.

: ( Oceans 97.6%

Fig. 4.5 Comppséition of water on Earth

0.5% +.01%

1

0.0009%

2, ‘Identify the following lakes in the ‘\'Noﬂ‘d map. '
+ -Lake Baikal in Siberia, Lake Tanganyika in Africa, Casplan Sea (largest salt lake)
. Lake superior, Huron; Michigan, Ontario, Erie of U.S.A. : =

PGD-ESD-04(94)
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Now you know that there are various types of storages in the world that that
store global water. From now on, you will learn about those storages.
Firstly, we shall deal with the fresh waters. After that we shall briefly
review the estuaries which have brackish water, which is actually a mixture
of fresh water and salt water. Finally you will learn about the oceans that-
contain saline water, which comprise the largest portion of the global water,

4.4 Freshwater_Environment

There are a wide range of freshwater habitats, In the most basic

classification of water, these habitats can be separated into surface and B

ground water. We do not intend to discuss ground water in this lesson, but
|you should remember that it accounts for a significant percentage of the
'world’s fresh water and is fairly well distributed throughout the world. It ‘
\provides a reasonably constant supply which is not likely to dry up under ]
patural conditions, as surface sources may do, and is often of quite a high
quality.

The surface waters are catcg&fﬁzed into two types. They are:
* lentic habitats or standing water habitats «
* lotic habitats running water habitats

There are no sharp boundaries between the two categories, or the types of
water habitats within one category.

Lentic habitats

Lentic habitats may be natural or artificial. They may be further classified as
fo{lows, according to the nature and duration of the existence of the water
body. '

Naturar lentic habitats

Temporary habitats such as pools and puddles, which last only for a few
days, especially after rains. '

!
Semi-permanent habitats such as ponds, ditches and villus which last for a
longer period, but dry up for a time or remain in a semi-aquatic state.

Permanent habitats, such as lakes and perennial tanks.

 Artificial lentic habitats
These include reservoirs, smail village tanks which are man made.
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Lotic habitats
Lotic habitats may be further classified as vertical and horizontal habitats,

Vertical habitats- These habitats refer to the water flowing vertically to the
ground such as in waterfalls.

Horizontal habitats- These habitats refer to water moving horizontally to the
ground like slow and fast streams and rivers.

Activity 4.4 - | %

Give examples of:

A temporary lentic habitat that last only for a few days.---=----ses-an-sz .
An artificial fentic habitat.

A torrential hahitat

Horizontal lotic habitat with a laminar flow «--------+z-n.. .

e I

First order stream

In this lesson we shall consider a natural luir, in order to study the
characteristics of lentic habitats. To begin with let us learn how various
types of lakes in the world are formed.

iy

Characteristics of Lentic Habitats  ~ .

Formation of fakes

Much effort has been made to classify lake formation. In this book we have
consi-lered the classification given by Hutchinson in 1975,

Accordir g to that classification, there are three general causes that have
resulted in originating lakes.

They are the Rock basins, Barrier basins and erganic basins. Each of
these 18 again divided into Specific subdivisions, as given in Table 4.2.
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Types of lakes Description :
\ These lakes are formed by a depression of
Rock basins the landscape. Five subdivisions of this
‘ type of lakes are considered below.
|
1) I.'iakes formed by volcanic activity As aresult of volcanic eruption, volcanic

|
¥

material or magma are ejected and create
depressions or a cavity forming a lake (Fig
4.6a).

2) Lakes formed by glacial activity

During the Pleistocene era, much of the
earth was covered by glaciers. When these
melted and shrunk, the water that
accumulated in the rock basins resulted in
forming lakes.

| 3) Lakes formed by tectonic activity

These are the lakes formed by the
.| movements of deeper. portions of the earth

crust. These movements may be a due to:
» afaulting (break in continuity of
strata) E.g. Lake Malawi of Africa.
* up lift of a portion of the sea floor,
E.g. Caspian sea.
o’ tilting sinking or rising of the earth
crust (Fig. 4.6 b&c)

4) Lakes formed by solution of the
bedrock '

Most solution lakes are formed in

depressions resulting from the solutien of
limestone (CaCo3) by slightly acidic water
containing CO;. These basins are usually
circular and conically shaped.

5) Lé\kes formed by meteorite impdcts

The impact of meteors on the surface of the

earth occasionally creates depressions
which later may be filled by water. E.g.
chub lake in Quebec.

Barrier basins

These lakes are formed by the imposition
of a barrier across a previously open
channel. - '- ,
Three subtypes of this type of lake are
considered here.

1) Lakes formed due to landslides

Sudden movements of large quantities of
unconsolidated material in the form of
landslides in to the floors of stream valleys
can result in dams and create lakes often of

wvery large size.
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.| 2) Lakes formed due to windblown
deposits

Soil particles may be carried by the wind

blocking the passage of streams giving rise -

to a lake.

3) Lakes formed by the action of the
shore line ‘

.

Sand pits parallel to the shore line may
completely cut off a coastal body of water.
It is also possible that material derived
from erosion, block the river mouth
preventing water moving to the sea, giving
rise to a lake,

Organic basins

These are created by the action of living
things. :

Lakes of organic origin

For example, animals such as beavers
construct dams with logs which cut off the
pond from the main stream. Man has also
entered this process by building dams and
submerging areas which were once
exposed. ' '

Table 4.2 Types of lakes

_ Sinking of
fault blocks

{b)

Fig. 4.6 a. Lake occupying a volcanic crater :
b. Side view of a lake formed by sinking of faults
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If you look at table 4.1 ‘again, you will find that the lakes store more water
than rivers. About two thirds of all the fresh surface water on earth is stored
in about 250 large lakes which are not distributed evenly over the world.
You will be surprised to learn that Lake Baikal in Siberia contains one fifth
of the world’s freshwater. It is the largest lake in the world.

Activity 4.5

Fill in the column “B" with the name of the lake that is formed as a result of the Drocess
given in the column “A” ' T ~.

A-Process ) ; . B-Lake

As'a result of volcanic eruption a great void is left inside:

Movements such as unwarping or faulting in the earth crust:

blo?king the river mouth by formation of a dune by windblown
sand:

Formation of a dam by beavers:

Let us focus-on some of the physical and chemical characteristics ¢f
water, which are common to fresh water and saline water although there are

some differences. In this lesson you will study the details of the above

characteristics in fresh water, and only those which are most important to
brackish and saline water. Firstly we will consider the physical
characteristics in lentic habitats and then compare these with that of the lotic
habitats.

Physical characteristics of lentic habitats:

o Light and Colour

« Transparency / Turbidity +
° Temperature and Heat

e Water movement

o Substratum

Light and Colour

When light strikes the surface of water, a certain . amount of light is
reflected. The portion that. enters the water column is subjected to further
reduction by absorption and scattering due to various suspended particles in
the water. : ‘

Sun light is composed of radiation, which include all' the visible celours
ranging from very short ultraviolet to very long infrared (wave lengths from
about 400 to 700 nm}) (Fig. 4.7). As these wave lengths enter clear water,
the violet and red light is absorbed within the first few meters.
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The green and blue components are absorbed less rapidly, and a fraction of
blue light penetrates to more than 100m in transparent water. Hence waters
appear blue in colour, as the smallest particles present in the water scatter
blue light. In less transparent lakes, dissolved and particulate matter
normally obscure back "scattering of blue light. These lakes will appear
green in colour. If there is a large quantity of dissolved material, especially
organic matter the lake appears yellow or brown.
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Fig. 4.7 Penetration of different wavelengths through water

_ From the transmitted light that passes through the water column 53% is
absorbed (on cloudless days) and converted to heat, and the temperature of

th= water body rises. The rest of the light is -available for photosynthesis
and used by algae.

Lentic habitats contain regions of different light intensity. The well lit
surface waters comprise the euphotic zone. In this region there is enough
light for the net growth of plankton. The lower limit of this zone is the
compensation level. This is the region where only 1% of the light-at the
surface remains. At this level the energy harnessed by photosynthesis will
only equal to the respiratory requirements of plants. Below this level is.

_called the prefundal zone, where the plants cannot photosynthesize and
grow (Fig. 4.8),
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Fig. 4.8 The zonation of a lake accofding to light penetration

The precise depth of the compensation level varies with seasons and
changes in water colour and cloudiness (turbidity). In a clear water lake the

euphotic zone may extend dowp to 20m or more but in tropical lakes it is

often about 3-3 m or even as little as 0.5m deep as there are suspendmg
particles.

Fransparency / Turbidity —
7 b .
Transparency is a-measure of the depth to which one may see into the water.

“ Obviously this is variable w:th the day cordition,. season and the eye sight
of the observer : :

Tu!bidity results from snspended material (organic matter, mud particles,
plankton etc.) and could. be measured by the turbid meters, or by a filtrator.
if t}le particles that prqduce turbidity are imported to the water body, then
they are called allochthonous material. If they are produced within the

syag-‘m itself, it is cal]ed autochthonous matenal (dead parts of animals
and plants) i

| Temperature and Heat

The temperature of a water body, changes horizontally (with time) and

vertically (with depth) Wc can recogmse two pattcrns of temperature

variations:
1. Daily temperature
2. Seasonal temperature variation-

1. Daily temperature variation

Aerial temperature has a significant correlation with-the surface water

- temperature.: When aerial temperature rises surface water temperature also.

rises. However temperature in a water body alters much rapidly than that of

air. As a result there is no abrupt difference in temperaturc by day and night
as on land. :
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In tropical countries daily variation of temperature in surface water layers is
very prominent. It fluctuates between 1°C - 6°C and the highest temperature
was recorded between 1-3pm. However, bottom strata of a deep water body
does not show significant changes and remain cooler (Fig. 4.9). '
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Fig. 4.9 Daily temperature change in air and water in a small tropical
lake. L :

The water temperatures in temperate water bodies closely follow the air
lemperature as .in tropical countries but this variation is not-prominent...
However in winter water temperature does not go below 0 °C and in spring
air warms more rapidly then water.

Témpérature variation with depth

As you know, a water body gets heated due to sunlight and this heat
penetrates to deeper layers by conduction and mixing. Conduction is‘a very
slow process and if there is no wind (calm day) water does not mix and it
will take a long time for heat to penetrate- down. In shallow waters,
sediments can absorb significant quantities of solar radiation. '

Globally, a situation is developed where there is a marked difference -in
termperature between the waters of upper layers and deep layers. This type
of thermal discontinuity is known as the thermal stratification (Fig. 4.11).

~In such a situation there is also a density difference along the water column

between the upper and deep layers. The warm upper layers of a thermally
stratified lake are called the epilimnion, The cool deeper layer of a lake that
1s not heated by the sun and is too deep to be circulated directly by the wind
is-termed: the hypolimnion. The transitional zone between the epilimnion
and the hypolimnion is termed as the metalimnion. In this there is a region
where a sharp temperature gradient is present. This region is called the

thermocline (Fig. 4.10 a&b). The direction of the current may be different

in the epilimnion and the hypolimnion, as the density of water in these two
regions differs very much. ‘
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Fig. %10 a. Temperature variation- with depth during summer in a

temperate lake.
b. Different zones of a stratified lake

Thermal stratification of lakes

Thermal stratification is the most important physical event ir: a lake’s annual
cycle and dominates most aspects of the lake's structure, In shallow ponds
and tanks the typical thermai stratification may not be seer: -Although there
is some form of temperature discontinuity. In such water todies temporary
thermocline may be present between two to three meters during the day time
which disappears in the night. ‘ ' '

In tropical deep water bodies, thermal stratification is present throughout the
year and in temperate water bodies thermal stratification is seen only during
summer. ' '

TIizermdl classification of lakes
inkes around the world can be classified according to the types of thermal

stratification patterns, mixing and the formation of the hypolimnion,
Several types of such lakes are given in Table 4.3. :
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Table 4.3

Type of lake Description

Holomictic lakes. In these lakes, circulation occurs
throughout the entire water
column, _

Meromictic lakes These lakes do not undergo

complete circulation, and the
primary water mass does not mix
with the lower portion The deeper
stratum of these lakes are
separated from the upper stratum
by a steep salinity gradient called
the chemocline

Dimictic lakes ' o These lakes mix twice a year, once
in the autumn and once in the
spring. They are covered with ice
in winter and may show inverse
stratification. )

Monomictic lakes L These lakes do not freeze as *he
temperature does not fall below
4°C. They are stratified in summer.

Polymictic lakes These lakes are shallow. They mix
every few days or even daily all
year round,

Amictic lakes These lakes have year round ice
‘ ) cover and never mix and limited to
Antarctica.

2. Seasonal temperature variation

The seasonal temperature variation of a shallow body of water in a tropical
country is not prominent, However, the water bodies of temperate countriés
show clear seasonal variations about which we will discuss in the following
paragraphs.

The beginning of the annual stratification cycle in temperate lakes is
considered to be in mid winter. As the temperature continugs to drop, water
at the top of the lake freezes and seals the water body.- The presence of a
layer of ice on the surface can result in the development of an inverse
stratification between 0°C water at the surface and 4°C water at the
hypolimnion (Fig. 4.11). ' '
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'Fig. 4.11 a. Temperature variation during the four seasons in a
" temperate lake.
b. Graphs showing the variation of temperature with depth

As spring approaches, the upper layers receive more heat than can be

- returned, resulting in an increase of the surface temperature. When the
surface temperature reaches: 4°C and become same as that of the
hypolimnion the thermal and density distribution becomes more uniform. At -
this stage the resistance to vertical mixing is at its lowest level and even a
small wind can achieve partial or complete vertical mixing and circulatign,
This type of wide circulation is called the overturn

Durmg late spring and early summer, the temperature of the surface waters
increase, while colder heavier water remains near the hypollmmon This
leads to direct thermal 9tra*|ficat10n

- In late summer, and durmg auturnn (fall) the surface temperature begins to

decrease. Due to continuous heat loss, during late fall and carly wirniter, the-
surface temperature drops agaii and reaches a point where it is essentially
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the same as the hypolimnion. This results in another overturn and the cycle
begins again. | ' )
In this way, the complete annual cycle consists of two stratification periods
(in winter and in summer) and two turnovers (in spring-and in fall). You
have to remember that this does not occur in tropical countries..

Activity 4.6

The diagram given below shows the stratification cycle of a temperate lake, showing
. zones of mixing and temperature profile with depth during different times of the year,
Answer the questions given below, which are based on the diagrams a to d.

(a) . Temparature
~ .

Depth o

©

—~——. Vs . ’ =
KSR/ ‘
-_'7\

r

Thermocling

©

1. Which one of lhe‘diagramé _show an inverse stratification?

“Complele circulation is shown in _
3. 'The situation in Autuma (fall) is shown in

4. Give one difference between the temperature variation between spring and autumn

8. According to thermal stratification of lakes to which category does this lake belong?

Water movement

The flow of the water can be laminar or turbulent. depending on the bottom
" topography of the water body.. :
Laminar flow is the smooth. slipping of water particles, past each other or
an obstruction and has little drag on moving objects. |
In contrast, turbulent current is the random, chaotic tumbling of the water
particles around each other, or any object passing through the water. These
tumbling motions are described as eddies. Turbulent: cirrents occur in'
mountain streams. ~ '
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There is no strong: continual unidirectional current in lentic habitats as in
lotic habitats. Wind is the primary force moving the water at all depths of a

water body. Temperature, density differences and gravity are also important

factors that cause water movements.

SubstTatum

Substrate is a complex aspect of the physical environment. In lentic habitats
the stillness of the waters results in a heterogeneous stable bottom. The
substratum is widely composed of sand, clay, mud and detritus that will tend
to increase-the nutrient content, thus supporting aquatic plant and animal
life. - '

At the bottom region, due to the action of aerobic bacteria on detritus, low
oXygen concentrations will be present.

Due to anaerobic conditions in the bottom anaerobic bacteria come into

function thus forming gases such as hydrogen sulfide, ammonia and carbon
dioxide.

Chemical characteristics - - R ‘
Now that you have studied the physical characteristics of fresh water bodies,
let us discuss the chemical characteristics such as:

¢ Dissolved Oxygen

* COs concentration, pH, Alkalinity and Acidity
» Water Conductivity

‘o Hardness '

s Dissolved solids and nutrient status

Dissolved oxygen

The amount of dissolved oxygen in water is one of the most important
factors of lakes and other water bodies aside from water itself. The main
source of dissolved oxygen,.are from the atmosphere and the photosynthetic
processes of the green plants. The turbulence and mixing of water, increase
in pressure and cold temperatures increase, the' amount of oxygen dissolving
in water. = ' _ :

Oxygen levels often show marked daily cycles as plants release oxygen
during daylight, sometimes supersaturating (i.e. greater than 100 per cent
“aturation) the euphotic zone, then respire at night causing a deficit.

Oxygen is transferred to deeper waters by either diffusion or circulation of
surface waters. If circulation in a water body is less, and diffusion is the
only means to get oxygen to deep levels, anoxic conditions may prevail at
the bottom layers of lakes. In addition, bacteria present at the bottom layers,
involved in the decay of organic matter use oxygen for respiration resulting
anoxic conditions.
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In very clear waters, where there is low productivity (oligotrophic lakes),
oxygen distribution will largely be a function of temperature, resulting in a
fairly uniform orthograde distribution. Initially there is a slight increase in
the dissolved oxygen with depth-and after that the curve Is characterized by
no appreciable decrease or increase (Fig. 4.12a).

There is another type of oxygen distribution which is called clinograde
distribution displayed in eutrophic lakes (Fig. 4.12b). In this type, the
temperature, and oxygen at the surface layers is higher and both decrease

_ with depth. '
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Fig. 4.12. Patterns of the distribution of oxygen
a. Orthograde distribution ’
b. Clinograde distribution

CO; concentration, pH, Alkalinity and Acidity

The pH of most natural waters falls in the range of 4.0-9.0. Many being in
the range of 6.0-8.0. The majority of natural waters have a somewhat
alkaline pH, because of the presence of carbonate and bicarbonate ions.

In stratified lakes pH may drop with depth, and the bottom, pH remains very
. low. This condition is common in deep water bodies in tropics. In temperate
water bodies this condition is'experienced in summer, but during the v
overturn the pH is constant from surface to bottom. '

- pH in the epilimnetic region of lakes fluctuates daily due to the fluctuations
of CO; coricentration, resulting from the dissolved atmospheric CO,,
photosynthesis and respiration by plants. In the hypolimnion, CO, is formed

due to the decomposition of organic matter.
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Surface waters become acidic towards the later part of the night and early
morning due to the accumulation of CO,, resuiting from respiration coupled
with inhibition of photosynthesis.

Carbon dioxide combines chemically with water to form undissociated
carbonic acid (H,COs), which dissociates partly to produce hydrogen and
bicarbonate ions. The latter decompose further forming more hydrogen and
carbonate ions. '

CO2+Hy0 5 H;CO; & H*+HCO;™ 5 H* + €Oy~

All these reactions are reversible and the whole system reaches equilibrium,
50 that natural waters will contain various proportions of CO,, HCO5™ and
CO37" . As'shown in the figure 4.20, pH value inversely correlates with the
dissolved CO, and directly with HCO;~ concentration, and also there is ng

free CO; in water above pH 8. However the pH shift is reduced or buffered

byI the higher concentrations of carbonates and bicarbonate in water,

Injacidic waters wheré pH is low the above reaction will move backwards,
while under alkaline conditions it will move forward and HCO;™ and CO5;—
become more common (Fig. 4.13). Acidity, the ability of water to
neutralize alkalinity is normally determine_d by pH, a measure of the
concentration of hydrogen ions-in‘solution (H*). Water is said to be alkaline
‘when the concentration of the hydroxyl ions exceed the hydrogen ions.

50

Percent of tota] CO,

[}

Fig. 4.13 Vai-iation_ of pH with different forms .of carbon dioxide in
water

Water Conductivity
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Conductivity is the measure of the total quantity of charged particles (ions)
dissolved in the water, In freshwaters it is measured in micro-Siemens per
centimeter (US/cm™ 'at 25°C). Normally in lentic habitats, conductivity
increases vertically. :

Hardness )
Hardness in water is mainly due to the presence of ions of the metals
calcium, magnesium and iron, Water with bicarbonate salts of calcium,
magnesium and iron [e.g. (Ca (HCO3);)] when boiled above 70°C, carbonate
salts of the metals are precipitated in kettles. Such water is known to exhibit
temporary ur carbonate hardness, because the carbonate salts (e.g. calcium
carbonate) are largely-insoluble and on heating is removed from the water
and deposited as scales.

' heat
Ca (HCO3)s ——— H, O+ CO, + CaCQO;

When calcium, magnesium and iron, are present as chloride or sulphate
-salts (2.g; CaCly) the hardness is called permanent or non carbonate
hardness. Although this type of hardness also contributes to scaling, in this
case the precipitate is due to the decreased solubility of these metal salts at
higher temperatures and not due to the formation of new insoluble
compounds. _
Both temporary and permanent hardness make lathering with ordinary soap
difficult. The result is the formation of scum that, float on the surface of
washing water.

Dissolved solids and nutrient status

Dissolved solids include fnainly nitrogen salts, phosphorus salts, magnesium

. and calcium salts and trace elements such as manganese, copper, zinc cobalt .

etc.

Nitrogen and phosphorus are very 1mportant for the growth of aquatlc plants
and phytoplankton.

The rate of supply of nitrogen salts into a water body is intimately
connected with land use practice of the watershed. Phosphorus enters a lake
via rainfall, from upstream lakes, sewage etc. Phosphorus supplies to the
aquatic plants are enhanced by internal recycling within the lake itself, both
from the sediments and through animal excreta. Phosphorus is lost from the

ecosystem much more than nitrogen and carbon, because it reacts with-mud

and chemicals in water'in-ways that make it unavailable to plants.

The terms oligotrophic and eutrophic are widely used to describe lakes
with respect to their nutrient conditions. An ollgotrophlc lake is one with.
low nutrient levels. Phytoplankton productlon in these lakes is low and

- therefore witer clarity is'high. Decomposition i in the hypol;mnlon uses up

oxygen more slowly than it can-be replaced by mixing from the surface, so
the water remains well ‘oxygenated. An eutrophic-lake has high nutrient
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levels and therefore has high rates of phytoplankton production. High
densities of algal cells reduce water clarity. Decomposition of detritus in the
hypolimnion uses up oxygen more rapidly than it canbe replaced. This may
lead to anoxic conditions at the bottom. :

Activity 4.7

Fill 0 the blanks.

1. “A lake where water mixes continuously all year around is called --r----seeemmnumeemn

5. The region.of a lake where a rapid change of temperature takes place is referred to
as '

6. The depth of a water bady at which the processes of photosynthesis and
tespiration are equal is called ---- S

7. Typical Oxygen distribution curve that could be expected in a productive lake is
termed as. dovrn o

8. The visible colour of the spectrum, that penetrates deep into the water is,=--s-=--=-==

9. Scales form at the boftom of kettles when boiling-------vssss=sremmremazeocone- water.

The biography of lentic habitats.

Once formed, lentic waters develop and change greatly with time. Newly
formed lakes are generally barren of life (Fig.4.14a). Few plants and
animals will have established themselves, sediment may be limited and -
nutrients scarce. Since they are depositing habitats allochthonous input from
catchment area, together with autochthonous input tend to fill them with
time (Fig.4.14b). Filling with organic matter, changes the lentic habitat into
a different habitat: Macrophytes found in wetlands encroach these habitats
‘replacing the open water plants (Fig.4.14a). The ultimate fate of these
" systems is the conversion to a fully terzestrial flora. This results in the final
disappearance of most ponds and lakes (Fig. 4.14d).
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\\\ Emergent macrophytes &3 Lake scdiment

Fig. 4.14 Stages of development of terrestrial vegetation in a lake

Activity 4.8 : - ) %

Vertical distribution of some of the chemical and physical characleristics in a lake is

shown in the diagram.
Answer lhe questions given below, which are based on the diagram.

Temperature atho
Light Oxygen Sioxid?:
i U o

2 A O_r%anic
B ma

ter

ii. Explain the chan’ges-in_the verticdl distribution of temperature., -

ifi. Explain why Oxygen concentration at the bottom is lower than that of carbon
-dioxide? : i

iv. Explain the processes that influence absorptionof oxygen at the epilimnion.
v. State whether this lake is stratified or not. Give réasons for your answer.
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Up to now you have being studying various chatacteristics of lentic Water
habitats, Now let us study the nature of lotic water habitats, and their
characteristics. 7 , .

Characteristics of iotic habitats

Lotic habitats are best described by flow, erosion, dcposmon and channel
form. They vary form raging torrents and waterfalls to rivers, whose flow is
so smooth as to be almost unnoticeable. The characteristics of any river vary
greatly along its length as it changes from a tiny trickle present at the head
waters, to its full size at the lower reaches (Fig. 4.15).

x - Steep river valley

g

Fig.l| 4.15 Pathway of a river along its length

River classification
Many attempts have been. made to cla351fy types of rivers. The geo-

morphological descnptxon that is widely used is the stream order,
devcloped by Rebert- Horton in 1945.

Stream Order

Stream ordering is a method of assigning a number, to each river stretch,
This number is an indication of its relative size within a drainage basin. The
order is based on the hierarchy of how channels link up. First order streams
liave no tributaries, they are the ﬁrst streams (e.g. trickles, brooks etc.) fed
by springs, ground water and runoff When two first-order streams join, the
confluent stream is second order. Joining of two second-order streams
make athird order. Notice that it needs two stream segments of equal order
to join-to produce a. segment of a higher order. The order remains unchanged-

. ifa higher order stream-joins a lower orderstream (e.g. a third into a first, or
a second) (Fig. 4. 16).

140




Unit 4: Hlydrosphere |

Drainage basin *A'

_________ T - . .. . .
P l SN i—=Drainage divide _,.ZKDramage basin 'B'
TN ST
. S \| AN e oL
Y 2 A s ! . \
! LN i L \ Y
,_f . G 2 ' i \ 5 r ; - \.
AR Y i I ! -
. 4 2 i N : i s 3
I'!u i ; i A
1 H . \
s S v e ol
L : ‘ /
/ N 3 I N A
Re . N ] AN . <N,
/.’ AN - i . \
- ; }\“‘\I ¥ A !
I N, ~J 1 ~ \
Ny ) aor - ~,
. i J V] ; - v \, '\ \
el ] 1 N }
i} 4 1r ) o 4
Y 2 S, i L R =
L7 1 -
S N 1 | - - i ~ -~
’ A L N BN ™ ‘
Al ~ e
~ X s f e s
N7, ) A —First order streame
R . AN ——Sccond order stream
N L: 1 L Ny \ "| ——Third order siream
\-\ T IN —Fourth order stream
TN J\/bf': _/' —'Fiﬂh order strcam
Mol sy —.-Boundarics of |
"~ v [ourth order basin

TS TS e wmsmms Ge e e et b e v wame e mmmmmremy e s ——

The ordering hierarchy has allowed comparisons within and between

individual rivers. Also this network structure determines how flood waters
collect within the channels, which in turn détermines the magnitude and

frequency of river flooding. '

Activity 4.9 . . . ' , %

| |
.

Refer Figure 4.16 and iﬂentify the order of streams in the d{éinage_ basin “B” and mark
them. , : .

Zonation along the river channel

Now let us consider various regions along a river, in order to study the
characteristics of a lotic system. To make.our study convenient, we will
consider an idealized river system, which can be divided info three zones
(Fig 4.15), | o
e FErosion zone
‘e Sediment transfer zone
° Sediment deposition zone
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Erosion zone

This zone comprises of drainage basins and headwater streams. The most
important component governing the physical, chemical and biological
structure of this zone is the flow rate, Rivers with current velocities >0.3
mS'l._, are classified as erosive, while rivers with velocities < 0.3 mS tare -
classified as depositing.

The environments from which water drains into a lake or river is the
dramagc basin or the catchment. The term ‘watershed’ may also be used in
Europe though this tends to mean the dividing line between neighbouring
catchments rather than the catchment’s drainage area itself. Drainage basins
are open systems through which water and sediments are transported (Fig.
4.16;). The head water streams, found in this zone are low order streamss
(majnly first order). -

Natural river channels are never homogenous in form, but contain a variety
of structural features. Among these, torrential habitats such as water falls,
cascades, and alternating patterns of riffles and pools may be found. A
major feature of the riffle is that it is wider and shallower and water flows
through or over stones or gravel beds (Fig. 4.17a &b). Stones with sunlit
riffles are often covered with algae and mosses. In contrast, the pools are
narrow deep sections, which usually cover several times the area of the
riffles, contain different less dense biota living among a mixture of stones
and fine grain sediments. A characteristic feature of pools is the
accumulation of decaying terrestrial debris.

Deep arcas with
stower velocity

High flow
gh_ ~
intermediate~

Shallow arcas with
higher velocity

Fig. 4.17 - riffle pool sequence
a. longitudinal profile.
b. plan view
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‘The streams in the erosion zone are small and often have steep gradients.
Since most of them are shaded by trees, which considerably reduce solar

~heating the water tends to be cool. The most distinctive feature of this zone
is the shear force exerted by the fast flowing water, which has a great
erosive power. Due to this eroding nature of water, the sediments, detritus
and mud do not accumulate in a flowing stream, except in sheltered areas.
Instead the substratum is often composed of cobbles and boulders which are
rounded and smoothed by water. Occasionally the stream may be eroded to
the bedrock.

The shear force and rate of water movement tend to be quite different on top
of a rock fragment, between rock fragment and beneath rock fragments.
Different species can exploit these differences in microhabitats. For instance
the regions near rocks where no movement of water is present are called
dead Zones. These are important micro habitats for benthic organisms.

Due to turbulence, and the aeratibn caused by splashing of water on rocks,
the amount of oxygen incorporated into water is very high. Also it prevents
thermal stratification,

Plankton if present, are found in-the sheltered areas. There are fewer
microorganisms accompanying detritus. Aquatic plants usually do not grow
in the erosion zone of a stream, except few species which are often confined
to the banks, as everything that is not attached or wei ghted is swept away by
the current, including organisms and sediment particles.

4

Sediment transfer zone

This zone is the regjon in which the river gradient is reduced so that water
and sediment are transported without net loss or gain. The rivers are much
wider. Flood plain may be present. A flood plain, is a flat valley bottom of
loose sediments which are deposited during river flooding (Fig. 4.18a).
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_— . Lateral erosion ge meagders
Migratin staris a
g mlm dow stream
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i %il?;‘;\%x wY.

(b)

Fig. 4.18 a. Formation of flood plains in a meandering stream.
b. Krosion and depositing areas of a meander

Deep rivers generally have a small gradient and the shear stress on the bed is
low. This condition produces muddy debris laden sediments and riffies are
absent. The average current, as well as discharge becomes greater as the

-overrli size increases so that river waters move faster than streams, desplte
their lesser slope. .

Although stratification is unusual in rivers, given their turbulence
_movement and relative shallowness thermal conditions do vary.
Seasonal and diurnal changes occur, and thermal regimes vary along the-
length of a river with topography and volume.
S qdiment deposition zone
.The deposition zone is where the river deposits its sediments load, typically
as it approaches the sea and develops a delta or an estuary. The flow tends to
be laminar. The substrate is dominated by fine silt. This part of the river is
‘usually found on flat land and has-a low gradient. Flood plains are gcneral]y
present, especially in rivers whlct}.ﬂood regularly.
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r

When the river flows further down it normally follows a sinuous course. A
meander is a winding sinuous course. The gentle flow of the river normally
erodes the valley from side to side nibbling away its banks, so flattening and
boarding the valley floor. Highest turbulence occurs on the concave side of
the stream (Fig. 4.18b) thus eroding into the outer banks of bends.
Deposition starts at the slower and less turbulent waters on the concave side.
This side becomes partially sedimented. -

The debris moved by the river, its load plus suspended algae make the water
in this region of the river turbid. Other nutrients, dissolved ions and pH
influences rivers and streams as much as they do in lakes and ponds. Since
various ions are accumulated along the path of the river the.conductivity
shows higher values than the other regions. This zone of the river is
subjected to more pollution than upstream.

4

i

Activity 4,10 , | | ' R

)

Fill in the table by giving the nature of the physica} and chemical characteristics in each )
of the habitats given below.

Habitat Type of | Natuee of Temperalture Oxygen-at the | Turbidity
current Substrate bottom

Water fall

First order ~
mountain
stream

Flood plain

Riffle

Concave side
ofa
meandering
river
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4.5 Es'tuaries

Estuarlcs are found along the coastlines of the world, but most are evident in
wetter climates of temperate and tropical latitudes. In such areas, land

dramage (river water) provides the necessary freshwater input at the head of _

the estuary, which mixes with the salt water that enters to the estuary from
its mouth, to form brackish water. The salinity of brackish water is below
those of adjacent open ocean waters and range between 0.5%o to 35%o.

Types of Estuaries .

Estuaries are semi enclosed ceastal embayment where freshwater rivers
meet the sea. Here fresh water and sea water mix, creating a unique and
complex ecosystem where there are various types of habitats namely,
mangrove habitat, sea grass beds and salt marshes.

This pat of the lesson outlines the characteristics of estuaries without
studying the habitats mentioned above, However, when you study the biotic
. component of the aquatic systems in unit 3, of Block II. vou will come to
know most of the characteristics of these habitats.

Depending on the geomorphology of an estuary, the geological history of
the area, and the prevailing climatic conditions, there may be different
estuarine types, each displaying somewhat different physical and chemical

conditions. These may be grouped into few basic types as follows (Fig.
4.19).

e Coastal plain estuary

e Tectonic estuary

o _ Bar buiit estuary or lagoon
s fjord
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Fig. 4.29 Types of estuaries
a, Coastal plain estuary

b. Bar built estuary :
¢. fjord
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Coastal plain estuary

At the end of the last ice age, the earth became warmer and the ice melted
and water was released. As a result of this water, sea level rose as much as

400m relative to the level of the land. The rising sea level invaded low lying :

coastal river valleys thus forming coastal plain estuaries which are the most
common type (Fig. 4.19a). :

T!F‘ctonic estuary

In this type of estuary, the sea reinvades the land due to subsidence (large
earth movements may cause a depression in the earth crust), ofithe land.

Bar built estuéry or lagoon -

The off-shore barriers such as sand pits form parallel to the coastline and
partially cut off the waters behind them from the sea forming bar built
estuaries. Some of these estuaries merge with coastal water bodies and form
lagoons behind the sand bais which collect the freshwater discharge friui -
the land. The wateér in such lagoons varies in salinity depending on the
climatic conditions (Flg 4.19b).

fiord

These are valleys that have been deepened by glacial action and are theri
invaded by the sea. They are characterized by a shallow sill at the mouth
that greatly restricts water interchange between the deeper waters of the
fjord and the sea. Often, these deeper waters arc stagnant becausc of lack of
circulation (Fig. 4.19¢). .

Classification of estuaries based on salinity

Estuaries may be classified in another way, depending on the basis of-the -
relative distribution of salt water and fresh water and the degree to which
they mix. In most estuaries there is a gradient in salinity from being fully
saline (33%o -37 %o —parts per thousand) at the mouth to fresh water
(0.5%0 - 3%0) at.he landward end. The position of the gradient also moves
up and down the estuary with the tidal cycle.

Three fundamental types of estuaries can be identified based on salinity.
¢ Positive estuary or salt wedge estuary

o Negative estuary :

o\ Neutral estuary
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Positive estuary or salt wedge estuafy .

In these estuaries, salt water enters from the bottom. A substantial amount
~of out going fresh water tends to float on the seawater because of its low -
density. There is a salinity gradient from surface to bottom as well as from
head to mouth, Mixing occurs where the two waters come in contact, but
this does not take place completely. In such a situation a cross section of
the estuary shows isohalines (lines of equal salinity), which extends

. upstream at the bottom (Fig. 4.20a). Along any vertical line in the estuary,
salinity will be highest at the bottom and lowest on the surface. This type of
estuaries is found in temperate countries where there is little evaporation
from the surface waters. ' - ' _
When positive estuaries show salt wedge, they are called salt wedge
estuaries. These estuaries develop where, a river discharges into a virtually
tide less sea. '

The position of the salt wedge is dependent on the freshwater flow. Under
low flow conditions, the volume of fresh water input is small and salt water
can penetrate much further inland than under hi gh flows (IFig. 4.20b). When
there is very little mixing between the two water masses, the salt wedge will
be very prominent. - ——— :

Negative estuary

In tropical climate, where the amount of fresh water input to the estuary is

. small and the rate of evaporation is high, a negative estuary results. In this
estuary, the incoming salt water enters at the surface and is somewhat
diluted by partial mixing with the small amount of fresh water. The high
evaporation rate however, causes this surface water to becore hyper saline.
Hyper saline water is denser than seawater, sinks to the bottom, and moves

“out of the estuary as a bottom current, A salinity profile of such an estuary is
the revers= of the positive estuary, with highest values at the bottom and
lowestat the tcp. © . -
The-isohalines in this estuary extends in the direction of the sea (Fig. 4.20c¢)

Nedtral estuary .

.In these estuaries the river flows are small but tides & tidal currents are
large. The water may-be mixed almast completely from top-to bottom.
Salinity remains constant from surface to the bottom of the estuary. Rarely,
fresh-water inflow equals evaporation from the surface to the estuary, which
also makes a static salinity pattern (Fig. 4.20d) '
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Fig. 4.20. Classification of estuaries based on salinity

a. Positive estuary, b. Salt wedge estuary
c. Negative estuary d. Neutral estuary

. Activity 4.10

. Among the four basic types of estuaries, what is the most common type? -

-

2. Name the estuary,' which is formed due to subsidence of
land.

3. Name the estuary thatis formed due to the action of
glaciers.

4. - Name the estuaries, (categorized according to the salinity gradient} that have
-isohalines of the following types:

i. extend up stream at the bottom.__-

-il. extend down sfream at the bottom.

{ii. straight from top to bottom._
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Some important abiotic {physical and chemical) characteristics
of estuaries

In this lesson we shall consider in detail, the characteristics that have a.
major effect on the estuarine system. They include tide and salinity. Other
characters will be explained only briefly.

Tide :

In a freshwater aquatic system the change in the water level is due to rain
and evaporation. But in the seas and estuaries, it is mainly due to the tidal
action, which is actually the periodic rise and fall of the water level, due to
the attraction of the sun and moon. Tides are ocean surface phenomena,
familiar to anyone who has spent time on seashore. Let us learn more about
tides now. :

When the water level rises it is called the high tide and when it lowers it is
called the low tide. During high tide, sea water flows into the estuary and
the salinity increases. During low tide, fresh water flows into it and the
salinity decreases correspondingly. Due to these fluctuations the habitat
along the margin of the estliariés is covered at high tide and exposed at low
tide. This is a prominent feature in estuaries.

Tidal changes are less noticeable in the estuaries located ciose to the
equator. But in couritries like Australia there are estuaries with a tidal
fluctuation of about 8m.

Tides occur mainly due to the following forces. (Fig.4.21)

L. Gravitational attraction of the sun on the earth resulting in solar tide.
2. Gravitational attraction of the moon on the earth resulting in Junar tide,
3. Centrifugal force generated by the rotating earth.

There are two types of tides.
o Daily tides
e Monthly tides

Daily tides

When there is one high tide and one low tide per day it is called diurnal
tides (E.g. Some parts of Mexico). So.ae countries have two high tides and
two low tides per day and this pattern is called semi diurnal tides. (e.g. Sri
Lanka). The two high tides are quite similar to each other, as the two low
tides. There is another daily tidal pattern, which has two high tides and two
low tides that occur each day, but successive high tides are quite different
from each other (e.g. West coast of North America) (Fig. 4.22)
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Fi'g.. 4.21. Different forces that result tides

Monthly tides .

Two types of tides can occur within one month and they are the:
Spring tides ' '

Neap tides

Spring tides .

These tides occur during full and new moon days, when the sun, moon and
earth are in alignment. On these days the solar tide has an additive effect on
the lunar tide. This creates extra-high, high tides and very low, low tides
(Tig. 4.23a)

Neap tides. . ' ' .

Thes= tides-occur in the first quarter and the third quarter of the lunar
month. On these days the sun.and moon are at right angles to each other, the
solar tide partially cancels the lunar tide, to produce moderate tides known
as neap tides. The water level has only small changes from high tide to low

tide as it creates extra-low high tides and very high, high tides (Fig. 4.23b)

MIXED SEMIDIURNAL
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(b) Neap tides

-(a) Spring tides

Solar tide

Full moon

&3

1
Fig.4.23 Twao types of monthly tides
a. Spring tide
b. Neap tide

S.—:hmfv

The dominant feature of the cstuarme en\rlronment is the fluctuation in
salinity. Normally a salinity gladlent exists at sometime in an estuary. We
have already discussed the pattern of salinity distribution in differert types
of estuaries. There are, however other factors that alter salinity patterns.
They are the tides, Coriolis effect and the seasonal changes Let us lqok at
each of these factors in detail.

Effect of tides on salinity

If there is a significant tidal range, during high tide the salt water moves
further up the estuary displacing the isohalines upstream, Low tides by
contrast, displace the isohalines down stream. As a result a certain area of
the éstuary is subjected to a salinity regime that changes with each tide.

Force of Coriolis effect on salinity o

The rotation of the earth deflects the flowing water. In the Northern
Hemisphere this effect deflects out flowing fresh water in north-south
oriented estuaries to the right, as one looks down the estuary toward the sea.
The opposite is true, in the Southern hemisphere. As a result, two points
(each on opposite side) in an estuary may have different salinities.

Effect of seasonal changes on salmltv

Seasonal changes in salinity in the estuary are usual]y the result of seasonal
‘changes in evaporation, fresh water flow or both. In areas where freshwater
discharge is reduced or absent higher salinities may be found further
upstream (salt wedge). With the onset of increased freshwater flow, the
salinity gradients are moved toward the moyth. High evaporauon makcs the
water more saline. :
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Extreme shallowness _

Next to salinity, the mest important environmental feature of estuaries is the
shallow depth, Due to shallowness, the light penetrates to the bottom.
Especially during low :ide, when most part of the edges or boundaries )
expose, the dark mud, which get heated by the sun. This increases the
decaying process of detritus by numerous bacteria found in estuaries. This
activity increases the organic food in the estuaries.

S

Substrate :

Most estuari=s have soft, muddy substrates. These are derived from
seditents carried into the estuary by both seawater and fresh water.
Currents and the size of the particle control the deposition of particles. -
Both sea water and fresh water drop their coarse sediments first, the former
at the mouth of the estuary and the latter in the upper reaches of the river
itself, so the area of mixing (middle.region of estuary) is dominated by fine
silt (mud) forming a muddy bottom. The interstitial water between the mud -
particles, changes its salinity slower than in the overlying water, so that the
animals dwelling within them are subjected to less drastic salinity changes.

Temperature, and currents

Water temperatures in estuaries are more variable than in the nearby coastal
waters. Rivers in the temperate regions are colder in winter and warmer in
summer than adjacent seawater. When this fresh water enters the estuary
and mix with the seawater they alter the temperature. -

Currents in estuaries are caused primarily by tidal action and river flow. The
highest velocities occur in the middle of the channel where the frictional

- resistance from the bottom and side banks is lowest.

Turbidity -
Because of the great number of pacticles suspended in the water of estuaries
the turbidity is high. This results in decrease in the penetration of light.

Oxygen : _
The regular flox of fresh and saltwater in to the estuary, coupled with the
shallowness, turbulence, and wind mixing, usually means there is an ample
supply of oxygen in the water column. However, oxygen is severely.
depleted: in the substrate, as the high organic content and high bacterial
populations of the sediments exert a large oxygen demand on the interstitial
water.

PGD-ESD-04(11B) - - 154

\




Unit 4: Tydrosphere

Nutrients -

Since estuaries are energy rich, nutrient rich ecosystems they are the most
blologlcally productive ecosystems on earth. The tidal action concentrates
the nutrients that are brought to the estuary from the riverside and the
seaside. It takes mueh longer, for a nutrient particle to traverse an estua™y
than to pass through a similar length of even thc most slowly ﬂowmg river.
Thus the estuary acts as a nutrient trap.

Y]

¢ -

Activity 4.11 !

Fill in the blanks
1. Daily tides with two h:gh tides and two low tldes por day are called

2. Spring tides ocecur in

3. When neap tides occur the sun and moon areat to eéqh
other. ‘ "
4. The tidal fluctuations are highest during - tides, In the Southern

hemisphere, the flow of water in the esluaries deflected to the v side
of the estuary.

5. Oxygen concentration in the substrate of the estuaries is low due to

4.6 The Oceans

The oceans are not equally distributed over the earth. Oceans cover more
than 80% of the Southern hemisphere but only 61% of the Nerthern
- Hemisphere, where most of the earth’s land mass occurs (F ig. 4.24).

The oceans have been separated for convenience into *aree major divisions:
Pacific, Atlantic and Indian. They are connected to each other, on their
southern end by Antarctic Ocean. There is the Arctic Ocean too, which is
usually considered to be a marginal sea, connected to the Atlantic.

The Pacific Ocean is the deepest and largest basin, occupying more than
one-third of Earth's surface. The Atlantic is a relatively narrow basin
connecting the Arctic and Antarctic Oceans. It i is also relatively shallow and
has wide continental margins.

. The Indian Ocean lies primarily in the Southern Hemlspheie It is the
smallest of the three major ocean basins. Three of.the world’s largsst rivers
(Ganges, Brahmaputra, and Indus) discharge into the northern Indian Qz=an. -
This region has an abundance of both fresh water and sediment from the
discharge of these rivers. Thus, the northern Indian Ocean is the most
affected by nearby lands.
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'he northern Indian Ocean also has two major sources of warm saline
water. They are the red sea and the Arabian Gulf , which produce warm
saline subsurface waters that can be traced for hundreds of kilometers below
tiﬁe surface of the Indian ocean.

| - :

’rojecting from, or partially cut off from, these larger oceans are smaller
marginal seas, such as the Mediterranean, Caribbean, Baltic, Bering, China
sea and Okhotsk (Fig. 4.24).

30*?’ LT ; '{\Rﬂf [T "__I%?E"-.hgfq__?=‘l"i_::‘lii_; :lfi—‘lll:!;;_ﬂ [30
" R ANE s SU TN ER AR R B ENou T TR 8350 1
7o 5 S gk qsf,n PN TC
" - L - BEBunEALP 2 8
-60%) dima b EARYAr e )
* 50% FEanngy 1T LR 50
40"‘ T "5'”‘ - T .'m} HTE b iy - '40

: T T TR HIATUANTIC TR FE 0
o [t LT P20
© 08 R e PaCiEIC FEH Gl e T . M0
sor TR = e A e e e TP -00
200 FEEFR L 55 OCEAN’ i TOeEAN: F OCEAN T ]
20 ] o SR AN RN R HFH- Ty x o 220
1 So 1 - "4 5 - HHH : 10

Bl 532 RN AN B = T ‘ 58 INANNANN AR NN i}
50° - 1 i 3 { A . 1T B 50
w0 : rrhl Antarclic Ocean - 1t [}50
ST T e L

o TS P S SR R AR

LI LE
“100° 120 140 160 180 160 140 120 IGO0 E0-60 40 20 O 20 40 '60 80 100 120140
Lotigitude

>

Fig. 4.24 Major oceans and the seas of the world

'Features of the ocean basin

Two boundaries can be recognised, in the ocean basin.
e Continental margin
¢ Deep ocean basin

Continental margin

The principal boundary between any continent and ocean basin is the

submerged area called the continental margin, which consists of a

continental shelf, a continental slope and a continental rise (Fig. 4.25).

Continental shelf is the submerged upper part of the continental margin. It is

close to the land and mostly shallow. It ranges in width from less than 1 Km

to more than 1300 Km off the North shore of Alaska and Siberia,

Continental shelf is the basic source of nutrients for ocean plants. Most
biologically productive watérs in the ocean overlie the continental shelf.

- Continental slopes are the edges of continental blocks. It is tive zone of
ﬁteep]y sloped sea floor, leading from the continental shelf towards the

cean bottom. It exiends down to depths of 2-3 Km. at the base of the
_ (i:ontinental slope, the steepness disappears and the bottom begins to slope

gent]y again, The average angle of 'i_nclination is about 4.
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Continental rise separates the continental slope from the ocean bottom. This
area is usually divided into an upper and lower part, with the slope being
different in the twe. -

Mid ucean ridpe

e b e

L " Shore lug

.‘\\
Tty { (iun}ljn:nl.al‘
F shieli :
b

Fig. 4.25 Diagran&mgtic cross section of the ocean basin

Deep ocean basin

The main feature of the deep ocean basin is the abyssal plain. It is among
the flattest parts of earth’s surface (Fig. 4.25). Most abyssal plains appear to
be covered with thick deposits of sediments that likely come from nearby
lands. These deposits include lithogenous particles (rock origins) carried
irom the continental shelf by ocear cGirents and winds, biogenous particles
(of biological origin). '

There are some characteristics features in the abyésal plain. These include,
Mid ocean ridges, Rift valley, Sea mounts, Trenches, and Volcanoes

The long underwater mountain ranges are called mid-ocean ridges. They are
the most distinctive world wide oceanic features. One ridge rises the entire
length of the Atlantic Ocean. It continues through the Indian Ocean along
the east side of the Pacific Ocean, Small carthquakes occur frequently on the
crest of mid ocean ridges and most points on the ridges are far below the sea
level. Most prominent feature of this ridge is, its steep sided central valley
called rift valley. ' : R ‘ '

Acrift valley is 1Xm to 2Km déeper and 25-50 Km wide, It is bordered by
rugged mountains whose tallest peaks come to within 2 Km of the sea
surface. ' ' B : :

Thousands of mountains are scattered across the ocean basin called
‘seamounts. Many seamounts were formed as volcanoes or volcanic peaks,
“which are especially common along the mid-ocean ridges, Volcanic peaks ..

that have been flattened because of wave ercsion before subsiding beneath

the ocean surface. are called table mounts or guyots. Their flattened tops are
more than 200m below sea leve). As yon see each guyot is-an old seamount
whose top' was once close to sca level.
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The deepest places in the oceans are called trenches (Fig. 4.25). They are
relativély narrow cannels and 3 to 4 km deeper than the surrounding floor.
Most trenches occur in the Pacific, especially the western Pacific. There are
also trenches.in the South Atlantic (south sandwich trench) and in the Indian B
Ocean (Java trenches), Trenches are assoc’ated with active volcanoes and i
garthquakes.

Volcanoes and volcanic islands are common in the ocean, They usually
stand I km or more above the surrounding Ocean floor. Most vol¢anic
eruptions occur quietly and usually go unnoticed on mid ocean ridges. The
second type of aceanic eruption occurs in shallow waters and can be quite
violent. :

Oceanic depth zones

Now we consider the ocean’s vertical structure. There are three principal
depth zones: surface zone, pycnocline, and deep zone (Fig 4.26).
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The surface zone is 100 to 500 meters thick and contains about 2 percent of
the ocean volume. It is intimately linked with the overlying atmosphere. For
instance, water temperatures and salinities in the surface zone change
seasonally because of variation in precipitation, evaporation; cooling and
heating. This zone contains the warmesl and Jeast dense waters in the
oceans. Average surface-water temperature is 17.5°C (Fig 4.26a).

Near-surface waters are well mixed by winds, waves and cooling or heating
of the surface. For this reason, the surface zone is also called the mixed
layer, because the waters there move vertically very easily. These vertlcal
‘motions are mamly wind-driven.

The pycnocline is where water density changes markedly with depth The
exact depth of the pycnocline is contrelled by those factors which influences
the density of seawater, nanely temperature and salinity. :

Where the seawater density is controlled primarily by changes in
temperature, the pycnocline coincides with a zone of marked temperature
change; called a thermocline (Fig. 4.26b).The zone where seawater density
is controlled by marked changes in salinity is rcferred to as a halocline.
Because temperature changes are more important in the open ocean, where
salinity changes little, the depthi of the pycnocline, is controlled by a
thermocline. In coastal ocean areas where salinity changes dominate and
temperature changes are less important, halocline controls the depth of
pycnocline.

" Below the pycnocline is the deep zone, which contains-about 80 percent of
the ocean’s volume. Except in the high latitudes (Fig. 4.26b), the deep zone
is separated from the atmosphere. This isolation of the deep zone prevents
interactions with the atmosphere and warming of the deep ocean water by
solar heating. Thus, deep zone retains its low water temperature -3.5°C-
characteristic of the surface waters in the Polar Regions. Since the
temperature and salinity of deep-ocean waters are unaffected by surface
processes, temperature and salinity are conservative properties.

Ly

Activity 12

Seiect the correct word from the list and fill in the blanks.

[Continental-shelf, Abyssal plain, trenches, Pycnocline, Halocline]

1.. the zona whers seawater density is controlied by marked changes in salinity is
referred to as

2. The vertical movements of waters in the surface zone and seasonal changes in
~ their lemperature or salinity do not penetrate the : as this
zone has a great stabmty

3. A.large portion of the deep ocean consists of flat, sedjment covered areas called

4, The deepest areas of the ocean are called

The relatively smooth underwater extension of lhe edge of !he continental shelf and
the deep ocean basin. -

b o4
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Currents in the Ocean

Ocean waves and currents are large-scale water movements, which occur
everywhere in the ocean. They are formed due to various causes, mainly the
prevailing wind system. Let us learn about the wind system first.

Wind patterns

The uneven heating of the atmosphere generates the prevailing wind
systems that drive the ocean.current systems. The maximum rate of the
atmospheric heating occurs at the equator and the minimum rate at the
poles. Because of this distribution pattern, warm, humid low-density air
r1scs above the equator and cold, dry dense air descends over the poles.

These winds are cool at high altitudes, sink at around 30° north and south,
forming a belt of high pressure. After, the air in these zones sinks, it spreads
along the earth’s surface, causing the surface winds.

Part of the air moves towards the equator as the trade winds. The rest of ths -

air flows generally toward the poles as westerlies (Fig. 4.27). The diréction
of the currents changes according to these winds. Heiice iiié current moves
in c‘lockwise direction into northern hemisphere and anticlockwise direction
into southern hemisphere. :

Northeast
trades

Southeast
trades

Fig. 4.27 Prevailing surface winds

Circulation of Ocean waters

Wiihin the open ocean there are two separate water circulation systems; -

surface water circulaticn driven by the winds and deep water circulation,
 driven by the continuous sinking of surface waters, at the high latitudes. The

latter is a slow circulation present through out the deep oceai.

160

(]




Unit +: | [vdrosphere

‘Waves
Most of the waves are generated by winds blowing across the ocean surface.
They may also be generated by earth quakes, volcanic explosions, and
underwater landslides. Where waves are forming, the ocean surface is

‘ chaotic. Waves range in size from ripples only a few centimeters in height to
storm waves, which may tower as high as 30m. Ripples form first and then
grow into larger waves as winds continue to put energy into the water
surface. Longer waves travel faster than short ones. Most ocean waves are

less than 6 meters high. Waves are altered when they enter shallow whiter.
They change direction by refraction, moving most slowly in shallow water
and fastest in deep water. As the waters get shallower, waves eventually

- become unstable and break, forming breakers.

Currents : _
The direction of a current is determined not only the wind system but also
the land masses. There is another force that affect the direction and that is
the Coriolis force (remember the effect of this force in the estuaries). This
force causes the ocean current to deflect into roughly circular gyres that
move clockwise in the northern hemisphere and connter clockwise in the
southern hemisphere
There are two entirely different ocedn current systems. They are the
horizontal and vertical currents. We are more familiar with the horizontal
currents (which are known as) surface currents. These are primarily driven
by winds. Vertical currents, referred to as subsurface currents, are driven by
chiiled waters sinking in the polar and sub polar oceans are less familiar.

Herizontal Currenis

Trade winds and westerlies create these currents. They are surface currents
and are divided into 3 types. '

Boundary currents

The Equatorial currents

Antarctic circumpoiar currents

Boundary currenls

These currents flow close to and parallel to the continental margins. They
are more changeable than open ocean currents. Mainly, because the many .
irregnlarities in continental coastline, cause the direction of flow, of
‘boundary curgents to change frequently..The two principal types of -
boundary currents are named according to which side of an ocean basin they
-appear on. These are the western boundary current and the Eastern boundary
current.
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Western boundary currents

The western boundary currents are very swift and its speed ranges from 100--

1000 km/day. Speeds are highest at the surface. They are narrow (less thari
“100km) but deep (2km). They are the strongest surface currents. They are
especially conspicuous in the northern hemisphere. (E.g. Gulf Stream in the
Atlantic) (Fig 4.28a).

Eastern boundary currents

Eas*‘tem.boundary currents occur in the return flow toward the equator (Fig
4.28a). They are relatively shallow (about 500m) but are broader (about
1000km) and less deep. They move much more slowly. In the southern
hemisphere the western boundary currents (Brazil current) and the eastern
boundary currents are not as strongly developed.

The Equatorial currert system

The circulation of the upper lziyer of the ocean in the tropical and :
subuoplcal Tegions is dominated by the-north and south equatorial currents
driven prlmamy by the trade winds.

Among the outstanding branches of the equatorial current systems are the -
equatorial countercurrents (IFig 4.28a). The locations of these
.countercurrents are closely related to the location of the doldrums. Near the
equator there are belts where the air is rising because it is warm and contains
a lot of moisture and climate is characterized by high rain fall, much
cloudiness, light, variable winds and low atmospheric pressure, such a belt
1s called doldrums

The equatorial undercurrent is another extremely narrow castward setting
current branch in the equatorial current system. It is centred on the equator.
Most often it dees not reach the sea surface.

Monsoon currents

During February- March, the northeast monsc:n drives a small clockwise
~gyre circulation in the Arabian Sea, a clockwise gyre in the Bay of Bengal
and westerly flows throughout the remainder of the northern.Indian Ocean.
During August -September, the southwest monsonr. creates a ciockwise
gyre circulation in thé-northern Indian ocean and Arabian Sea with an
anticlockwise gyre in the Bay of Bengal. The result is a reversal of the
Somali Current between the.two seasons and the presence of an Equatorial -
-Counter Current in the Northeast monsoon perlocl (I‘lg 4 28b). '
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The Antarctic circumpolar-current

Currents around Antarctica flow mainly from west to east. The great

Unit 4: 1 lydeosphere

castward flow is called the Antarctic circumpolar current. In contrast to the
wind driven currents in tropical and subtropical regions this current is deep.
In some parts of the ocean it reaches the bottom at 3000-5000m depth.
Therefore its course is strongly affected by bottom topographical features,
like submarine ridges. The surface speeds are rather small but as a result of
the great depth, the water volume transported exceeds that of any other

oceanic current systems.

We hope now you have a clear understanding about the surface current
system in the ocean. Next we will focus our attention to vertical current

system in the oceans.
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Fig. 4.28 a. Surface ocean circulation patterns
b. Monsoonal cutrrents

Vertfcal Currents

Vertical water movements are produced by sinking and upwelling

processes. Such processes tend to break down the vertical stratification

established by the thermociine

o




Qur enviconment and its components

|
Sinking S . .
Sea water sinks when the density increases. The physical processes that
increase sea water density are strictly surface features. This, dense sea
water, which is from the surface and is usually highly oxygenated,
transports dissolved oxygen to deep areas of the ocean basins. The chief
areas of sinking are located in the colder latitudes where sea surface
temperatures are low, '

Upwelling .
Subsurface water is carried to the photic zone by several processes which
are collectively termed upwelling. These waters are rich in nutrients.
Upwelling is especially conspicuous on the eastern margin of ocean basins,
for example, the wind driven surface currents along the continental margins
flow.toward the equator. At the same time, the Coriolis effect tends to push
‘these surface waters offshore. This water is then replaced by-deeper water
transported vertically along sioping surfaces to the surface (Fig. 4.29).
Similarly along the equator the two equatorial currents flowing east are
deflected away to the right north of the equator and left to the south of the
equator. To replace this water; subsurface water up wells to the surface.
Such wind induced upwelling is limited to the upper 200 m of the water. .
column. near coasts (bear capes or other irregularities in the coast line) and
equator (E.g. Peru and Chile).

= ' Coriolis effect
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Fig.‘i.:ZDa) Coastal upwelling in the Northern Hemisphere
'b) Equatorial uppelling ' -
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Sea ice

Sea ice forms where sea water cools below its initial freezing point. Each
winter, sea ice covers the entire Artic Ocean and completely surrounds
Antarctica. It also forms in bays and along the coast of Alaska, the western
coast of Canada, and the Atlantic coast of North America as far south as
Virginia. In spring much of the ice melts but large areas in the poiar aceans
remain ice-covered throughout the year. The annual expansion of ice —
covered ocean areas and the retreat of the ice in local summer affect climate
worldwide. In this section, we discuss how and why sea ice forms.

‘When seawater chills to its temperature of initial freezing, clouds of tiny
needle like particles form, making the water surface sllghtly turbid. The
ocean surface dulls and no longer reflects the sky. As ice particles grow,
they form hexagonal spicules 1.to 2 centimetres long. The needles and
spicules of newly formed ice are called frazil ice. When the surface is stirred
by winds and waves, the ice forms a soupy-looking layer known as grease
ce. . . ’

As sea ice continues to form, ice crystals eventually form a bianket over the
water surface. When the surface is calm, an elastic layer of ice forms. It is
only a few centimeters thick. Waves and especially winds break these ice
sheets intc large pieces called floes.

Since salt is excluded from ice, the remaining water becomes more saline
and its freezing point is lowered. Some briné pockets remain trapped in the
ice. Salinities of newly formed ice are typically 7 to 14, but this value
depends on temperature. The more slowly the ice forms the easier it 1s for .
brines to escape, resulting in lower ice salinities. Conversely, at very low
temperatures, ice forris r,apldly, and the salty brines cannot easily escape. .
This quick freeze results in higher i ice salinities. Sallmty of sea ice is always
lower than that of thé surrounding waters. As sea ice ages the brines are

- expelled. Thus, muitiyear ice cypically has salinities around zero at the top
‘and around four at the bottom,

Snow accumulates on top of, and freezes to, the ice surface. Thus, sea ice.
grows from both top and bottom, Fitst ~year ice is flat and usually snow-
covered. During a single winter; new sea ice can reach a thickness of two
meires. Where sea ice never comp]etely melts, multiyear ice continues to
grow, and older ice has a rough hilly surface. In the central Arctic, multiyear
ice reaches thicknesses of three to four meiers, Ice melts during the summer,
down to about two metres in the central Artic, The fresh water released by
melting ice forms a thin layer of low-salinity surface water.
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Currents and winds move large pieces of sea ice together, forming mounds
called hummocks or pressure ridges that are theice pack’s most
conspicuous features. At these pressure ridges, the ice is deformed and
thickened, up to 20 metres thick. These ridges can extend many tens of
metres below the ice and are hazards to submarines moving under the ice.

When floes move apartythey €xpose open waters in areas called leads.

Leads range from few centimetres to many hundreds of metres wide and can .
‘extend for many kilometres. Ships moving through sea ice utilize leads -
where possible to avoid having to break ice. Mammals stay near the leads
and near holes in the ice. This permits them to catch fish and other food in
the underlying waters ' :

Activity 13

Select'the correct staternent and mark them with a tick ()

-

1. As waves enter shallow water and begin to encounter the bottom effects, they slow
thexr forward motion and the wave length decreases.

The Choriolis effect is the result of the rotation of the Earth on its axis.
The western boundary currents are very slow.
The direction of the boundary currents are not-afiected by the continents,

Due to vertical currents, nutrients at the bottom layers are brought to the surface.

I T

Sea ice contains a high percentagé of salt. -

Summary

Water is a common, yet very remarkable, substance on the earth’s surface.
- While abundant in its'liquid form, large quantities of water.also exist as a
gas in the atmosPhere and as a solid in the form of ice and snow. The
asymmetrical shape of a water molecule creates an clectrical charge
separation that initiates hydrogen bonding which.in turn, affects water’s

" thermal properties such as, heat capacity, latent heat of fusion and
vaporization, and other basic properties such as surface tension, density-
temperature relationships, solvent capability, wsc051ty etc.

All water on the-planet is constantly recycled, by a system known as-the
hydrological cycle driven by the solar energy. In this cycle, water is lost to
the atmosphere as vapour from the earth, which is in tern precipitated back

- 1n the form of rain snow frost etc. This precipitation and evaporation
continues forever and thereby maintain a balance between the two.

There is-an immense amount of water on the earth’s surface. Out of this,
large quantity; only a little percentage; (about 0.25) could be used for human
consurmnption. Over 97% of water is deposited in the ocean depression.
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Lakes are not umformly dxstnbuted over the surface of the earth. They are
formed as a result of a number of different processes both nataral and
artificial. They can be divided into three main categories namely rock
basins, barrier basins and organic basins.

Freshwater habitats are categorized as lentic or standing water and lotic or
running water. )
In lentic habitats there is no unidirectional current and the water movement
is mamly due to wind. The surface waters are clearly lit throughout the day
unless it is in a shady area.

The surface waters are clearly lit and temperature, fluctuate widely, daily
and annually, Thermal stratification is present and a sharp temperaturc
gradient zone or thermocline may be formed: (if it is deep). -

The substratum is widely composed of sand, clay or mud. The stillness of
the waters results in a very stable bottom.

Accumulation of organic matter te'nds to increase the nutrient content, thus
supporting plant and animal life,

If the miineral nutrient or soluble nitrogen compounds are high a rich
plankton growth may appear especially in early spring and summer. .

At the bottom region, due to the action of aerobic bacteria on detritus, low
oxygen concentrations may be present, Due to thé action of anderobic
bacteria gases such as hydrogen suifide, ammonia and carbon dioxide may
be formed.

Two clearly different zones can be identified in a river. The upper region or
the head waters of a stream consist of clear cool water flowin govera
substrate composed of cobbles and gravel. The most distinctive feature of
this zone is the shear force exerted by the fast flowing current, which affect
most of the physical and chemical characteristics of the zone. The next
region is the sediment transfcmng zone, which is comparatively wider and

has an average flow rate. The lowest region is the sediment depositing zone, -

which is larger, deeper and muddier- with a laminar flow which encourages
deposition of sediments.’

Estuaries are partially enclosed coastal embayment where fresh water and
seawater meet. Based on geology and geomorphology, there are four basic
estuarine types: coastal plain, tectonic, bar build estuary and fjord. Based on
salinity gradients, there are three groups of estuaries. They are the Positive,
negative and neutral estuaries.

The dominant feature of the estuarine environment is the ﬂuctuat:on in
salinity, which is mainly affected by, tidal regime, Coriolis effect, and
seasonal changes in evaporation, freshwater flow or both, Most estuaries
have soft, muddy substrates, with large amounts of particulate organic
matter, which serve as food for estuarine organisms. Oxygen is usually in

" ample supply in the water column but is severely depleted in the substrate.

There are three major oceans in the world and they are connected to each
other. These oceans are connected to the continents by shallow extensions of
the continents called continental shelves. Most of the ocean basins zre flat
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abyséal plains, but these plains are cut by deep trenches in some places, and -

have volcanoes sea mounts etc. in the other areas.

The open ocean has a three —layer structure: surface zone, pycnocline and

" deep zone. The surface zone responds quickly to changes in the overlying

atmosphere. The pycnocline inhibits exchanges between atmosphere and
deep zone. The deep zone is exposed to the atmosphere only in high
latitudes, which causes its waters to be cold.

The oceanic water is consta‘ntly in motion. It is mixed and moved by winds,
waves and currents, sinking water masszs, and upwelling. '

Sea ice is a major feature of the ocean. Its freezing in winter and melting in
summer dominates surface waters in the polar oceans. Seaice also -
influences the deep- ocean circulation. The coldest and densest water
masses form ir the polar oceans. Freezing sea ice expels salt, and this excess
salt in the remaining liquid water increases the density of water masses,
which is especially important near Antarctica.

S

Objectives

Now you should be able to: '

« understand the special properties of water in relation to its molecular
structure ' .
¢  Giving examples, explain how some of the physical properties of
water have become biologically important '
\ aseribe the main processgs, that drive the hydrological cycle
Give an account on the composition of the hydrosphere.
List the major types of freshwater habitats in the world
| Give a concise essay on formation of lakes
| Describe the-temperature variation in tropical and temperate lakes
i Describe the physicai and chemical characteristics of lentic habitats
I Write an account on the stratification pattern in the lakes of the
Cworld. T ' : B
o Explain-how the streams are classified according to stream order
e Explain the nature of the different zones of a river that originates
from a high mountain. . .
o Give a concise account on the type of estuaries classified, based on
- the geology and geomorphology '
Explain how estuaries are classified according to salinity gradient
- Describe the important abiotic characteristics of estuaries ‘
Describe the features of the ocean basin .
Describe the variation bctwgcn the oceanic depth zones
- Describe the formation of waves and the patterns of current in the
 worldocean,” - : o
e Write an account on-Sea ic S
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