Generally, world climates are divided into 3

major groups, as discussed in the preceding
chapter, namely (1) tropical climates, (2) middle
latitudes climates, and (3) polar and highland
climates. These major groups of climates have
been subdivided into several types of second and
third orders by different scientists on different
bases. These have been explained in much details
inthe preceding chapter. This chapter includes the
consideration and description of well established
and commonly agreed climatic types wherein each
climate type has been discussed involving the
following aspects location, temperature, air
pressure and winds, precipitation (cloudiness,
distribution, rainfall regime, variability of rain-
fall), and effects of climate on natural vegetation.
Besides, characteristic features of biomes associ-
ated with definite climatic type and region have
also been described. Biome is, in fact, a large
natural ecosystem wherein we study the total
assemblage of plant and animal communities.
According Co I.G. Simmons (1982) ‘the most
extensive ecosystem unit which it isconvenient to
is called biome’. Though a biome is
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studied in terms of its plants and animal commu-
nities but it also conforms with a definite
distributional patterns of soils and climates. The
world is divided into three major groups of
biomes, namely (1) tropical biomes, (2) temperate
biomes, and (3) tundra biomes. These are further
divided into 10 biomes of second order and 21
biomes of third order (table 14.1)

It may be mentioned that while describing
the characteristic features of climatic type the
discussion of its biome characteristics is not
required at all. Here, the characteristics of biomes
associated with particular climates have been
discussed only to demonstrate the influences of
climates on plants and animals and interactions
between abiotic and biotic components of the
ecosystems. It may also be pointed out that the
description of a biome includes discussion on
location, climatic characteristics, vegetation, ani-
mals, and anthropogenic modification of a biome
but here, while discussing biome, the description
of location and climatic characteristics have been
omitted as these have been included in the

description of climatic types.



294

Table 14.1 :
Biomes of the First Order
(based on climatic zones)
1 TUNDRA BIOME

Types of Blomes

Biomes of the Second Order

(based on vcgctation)
(i) Arctic Tundra Biomc

CLIVA

Biomes of the Third Order

(ii) Alpine Tundra Biomc

2. TEMPERATE BIOME
forest Biomec)

(ii) Temperate Deciduous

Forest Biomc

(iii) Temperate Grassland Biomc

(iv) The Mediterranean Biome

(i) Boreal Forest Biomc (Taiga

(a) North American Biome

(b) Asiatic Biome

(c) Mountain Forest Biome

(a) North American Biome

(b) European Biome

(a) Russian Steppe Biome

(b) North American Prairie Biome
(c) Pampa Biome

(d) Australian Grassland Biome
(a) Northern Hemispheric Biome
(b) Southern Hemispheric Biome

(v) Warm Temperate Biome

3. TROPICAL BIOME

(ii) Savanna Biome

(iii) Desert Biome

14.1 EQUATORIAL CLIMATE OR TROPICAL
RAIN FOREST CLIMATE (Af)

Location

Equatorial type of climate, also known as
tropica] rainforest wet climate or simply Af
climate, is located upto 5°to 10° latitudes on either
side of the equator (fig. 14.1) but at some places it
extends upto ]5°-250 latitudes mainly along the
eastern margins of the continents. This climatic
zone is subjected to seasonal shifting due to
seasonal shifting of pressure and wind belts
consequent upon the northward and southward
migration of the sun. The equatorial climate is

(i) Tropical Forest Biome

(a) Evergreen Rainforest Biome
(b) Semi-evergreen Forest Biome
(c) Deciduous Forest Biome

(d) Semi-deciduous Forest Biome
(e) Montane Forest Biome

(f) Swamp Forest Biome

(a) Savanna Forest Biome

(b) Savanna Grassland Biome

(a) Dry or Arid Desert Biome

(b) Semi-arid Biome

characterized by two major properties e.g.
(i) uniformly high temperature throughout the
year, and (ii) uniformly adequate rainfall through-
out the year received through convective mecha-
nism. The equatorial climate is found in the
following localities-(i) the Amazon Basin in
South America, (ii) the Congo Basin in Africa,
(ifi)Guinea coast in Africa, (iv) much of the Indo-

Malaysian Region mainly in Java, Sumatra,
Borneo, Malaysia, Singapore and New Guinea,
(v) Philippine Islands, (vi) eastern central America
(parts of Panama, Coastarica, Nicargua, Honduras,
Guatemala etc.), some islands in the Caribbean
Sea, western Columbia and eastern Madagascar.
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Fig. 14.1 : Location ofequatorial rainforest (Af) Climate.

Temperature

Since mid-day sun is almost overhead
throughout the year and there is little difference
between the lengths of day and night during the
year and hence the equatorial region receives
maximum amount of insolation which causes
uniformly high temperature throughout the year as
the average monthly temperature is always more
than 18°C. The mean monthly temperature of most
of the places ranges between 24°C and 27°C. Mean
annual temperature is around 20°C but the maxi-
mum temperature of the year touches 30°C. The
mean annual range of temperature of island areas
ranges between 0.5°C and I*C but other areas
record annual ranges of temperature between 2°C
to 3°C. The annual range of temperature of lquitos
(located in Peru falling in the Amazon Basin, 4°S of
the equator) is 2°C. Similarly, Akassa (located at
the mouth of the Niger River, Africa) records
annual range of temperature of 2°C but Pararecords
less than 2°C as annual range of temperature. The
annual range of temperature becomes minimum
over the oceans. For example, Jaluit, located on
Marshall Island in the central Pacific Ocean records
annual range of temperature of only 0.4°C. Thus,
uniformly high temperature of the equatorial
regions,” though lower than the temperature of the

hot desert climate, becomes unpleasant and injuri-
ous to human beings because of its uniformity and
monotony.

The daily range of temperature varying
between 5°C and 10°C is usually far greater than
the annual range of temperature. Usually, mid-day
temperature rises to 29°C-34°C and comes down to
21°C-24°C during nights. Thus, relatively low
nocturnal temperature becomes uncomfortable to
local people. This is why nights of the equatorial
regions are called winter of the tropics. The annual
range of temperature of Bolobo of the Belgian
Congo is 1°C but the daily range'becomes 9°C.
Belam city records daily maximum and minimum
temperatures as 32.8°C and 20.1°C respectively
thus registering diurnal range of 12,7°C. Similarly,
Santaram of the Amazon Basin records 35.5°C and
19.5°C as maximum and minimum daily tempera-
tures and thus diurnal range of temperature
becomes 16.0°C. The daytime temperature be-
comes oppressive and unbearable due to high
relative humidity, weak air circulation, bright
sunlight etc. The inhabitants of the equatorial
regions are so used and habitual to uniformly high
temperatures throughout the year that they feel
immediately even aslight fall intemperature. They
feel cold if temperature falls below 20°C and they
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burn wood to ward offrelative cold (though there is
no winter season).

Air Pressure And Winds

Thermally induced low pressure belt devel-
ops around the equator due to uniformly high
temperature throughout the year but the pressure
gradient is so low that strong air circulation is not
possible. Thus, the equatorial region lies in the belt
of calm and doldrum characterized by light and
variable winds. The surface air is heated, becomes
light and moves upward thus forming convective
currents. On the ground surface the winds uni-
formly spread laterally due to more or less uniform
air pressure. The discontinuous belt of doldrums
characterized by equatorial westerlies is found
along the equator. The convergence of trade winds
coming from the subtropical high pressure belt
forms intertropical convergence (ITC) which is
associated with atmospheric disturbances (cy-
clones). The winds become strong with thunder-
storms. Strong winds give temporary relief from
sultry weather. Temperature is lowered due to
arrival of Harmattan winds in the nights in the
Guinea coast and thus the pleasantly cooling effect
of Harmattan gives comfort to human bodies. Sea
breezes penetrate upto 48-96 km inland in the
coastal areas and thus brings pleasant weather
through their cooling effects. This is why coastal
areas in the equatorial regions are comparatively
better suited for living than the interior areas.

Precipitation

Equatorial regions receive rainfall through-
out the year and thus there is no dry season.
Average annual rainfall exceeds 200 cm to 250
cm. Even the driest month of the year receives
rainfall more than 6¢cm. Iquitos(Peru), Akassaand
Ocean Island reccive 261 cm, 366 cm and 213cm of
rain per annum respectively. Though most of the
rainfall occurs through convective mechanism but
wherever mountain barrier becomes effective the
amount of rainfall increases substantially. For
example, annual rainfall reaches 1000 cm in the
foothill zone of Cameroon Mountain in Africa.
Most of the annual rainfall in the equatorial region
is received in the form of convectional rainfall

(see types of rainfall in chapter 9). The strong daily
vertical convective mechanism due to intense
heating of ground surface because of high amount
of insolation, horizontal convergence of trade
winds forming intertropical convergence, a fairly
large number of atmospheric disturbances (cy-
clonic storms) and thunderstorms yield heavy
rainfall daily throughout the equatorial regions.

Distribution: inspite of high rainfall throughout
the year there is no uniform spatial distribution of
rainfall in all parts of equatorial climatic region.
Though no month goes dry but definitely some
months of the year receive more rainfall than the
other months. Thus, the months having more
rainfall are called wet months while the months
receiving less rainfall are known as less wet
months. If the temporal distribution of rainfall in
the equatorial regions is considered carefully it
appears that there are two periods of maximum
rainfall and two periods of minimum rainfall in a
year. Normally, April and November receive
maximum rainfall but the period of maximum
rainfall varies spatially. For example, Lagos
receives maximum rainfall in May, June and July
amounting to 100 cm whereas October records
25cm of rainfall.

Cloudiness : equatorial climate is character-
ized by fairly large amount of cloudiness through-
out the year. Generally, cumulus type of clouds
dominates daily weather conditions. On an aver-
age, there is about 60 per cent cloudiness daily.The
maximum amount ol cloudiness is found between
3and 4 P.M. daily because of maximum convective
activity during this period but the sky is generally
clear in the morning and at night. Though daily
period of cloudiness is less in comparison to high
middle latitude areas dominated by temperate
cyclones but there is strong heavy downpourdue to
convective mechanism and resultant convectional
rainfall.

Rainl'all regime equatorial rainfall is
convectional in character wherein there is daily
heavy downpour from cumulo-nimbus clouds.
The sky is usually free from clouds in the early
morning. As the sun rises above the horizon, the
amount of insolation received at the grotmd
surface increases and hence air temperature
increases accordingly. Air is heated, becomes light
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and moves upward and thus becomes unstable
which causesconvectional system. The ascending
air cools at dry adiabatic lapse rate (10°C per
1000m) and the air soon becomes saturated and
condensation level is reached. Clouds are formed.
In the beginning they are cumulus and few in
number but as the day advances, humidity in-
creases due to increasing evaporation, the clouds
.r. thickened and darkness increases. By afternoon
the whole sky becomes overcast with thick
cumulo-nimbus clouds. Thus, heavy rain starts
with lightning and cloud thunder. As the day draws
towards evening the rain becomes slow and weak
and it completely stops by evening, clouds are
cleared and weather becomes pleasant for some
time. The aforesaid mechanism is repeated daily.
Some time, this rhythmic daily mechanism is
interrupted as rains continue uninterruptedly for
several days. Continuous rains for 40 hours have
been reported in Ivory Coast (Africa). The most
characteristic feature of equatorial rainfall is that it
is usually associated with strong thunderstorms as
about 75 to 150 rainy days arc associated with
them.

Variability of rainfall : inspite ol very high
mean annual rainfall there is temporal variability
in the amount of rainfall and this variability is
more than the variability ol temperature. The
crops grown in this climatic region are such that
they require more moisture and thus the yeai
having little less than average annual rainfall is
termed as a drought year becausc the crops are
damaged. Though the word drought is unfamiliar
in equatorial climatic region butsome times brief
drought conditions are created. There is also
variability of rainfall within a year. For example,
Belem (in the Amazon Basin) receives average
annual rainfall 0f239 cm and March receives more
rainfall than. .. .. months. March has 28 rainy days
against 10 rainy days in November. It may be
concluded that rainfall in equatorial rainlorest
climate is adequate enough to support lield crops
and luxurious dense forests. Most ol the rains is
intercepted by forest canopy and thus reaches
ground surface slowly in the lorm ol aerial
streamlets through leaves, branches and stems o
trees and thus there .. maximum infiltration o
rainwater. Recent clearance ol . .ivioreses N
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equatorial regions in general and in Amazonia in
particular has converted once! forest-cotwered
surface into a bare ground surface which is

subjected to accelerated rate of soil erosion due to
daily heavy rains.

Effects of Climate on Natural Vegetation

The tropical rainforest or equatorial cli-
matic region accounts for the largest number of
plant species and luxuriant growth of natural
vegetation due to high temperature and high
rainfall throughout the year. The climatic region is
characterized by broad-leaf evergreen dense
forests comprising valuable trees such as ma-
hogany, rosewood, coconut, palm, avony, cincona,
plaintain, bamboos, wild rubber, sandal wood etc.
The number of tree species is so large and their
diversity is so great that one hectare of land in the
equatorial region accounts for 40 to 100 species. It
may be pointed out that tree species account for 70
per cent of the total plant species of the tropical
evergreen forests. Creepers or climbers are the
second important members of the rainforests. The
creepers comprising (i) climbers of lower strata,
(ii) long woody climbers known as ‘lianas’, and
(iii) epiphytes are so circuitous and highly
irregular in form that it becomes difficult to find
out their actual length. “They ramble through the
forest, scaling the highest emergent trees and
frequently looping down to the ground and then
ascending further sections of the forest™ (Furely
and Newey, 1983). The climbers so greatly bind
several trees and plants together that the accessi-
bility in the forest cover becomes almost zero.

The vertical stratification of vegetation
community consists of 5 layers or strata viz. (i) first
or top layer or dominant layer representing the
canopy of tallest trees (30 to 60m in height),
(ii) second layer or co-dominant layer (25m to
30m in height), (iii) third layer of smaller trees
(12m to 20m in height), (iv) fourth layer of shrubs
(5m in height), and (v) ground layer ot herbaceous
plants and ferns.

14.1.1 TROPICAL RAINFOREST BIOME

The location and climatic conditions of
rainforest biome has already been described in the
previous section 14.1, while dealing with equato-
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rial or tropical rainforest climate. Here only species
(vegetation and plants) characteristics, ecosystem
productivity and human interactions are discussed.

Plant Community and Structures

The tropical evergreen rainforest biome
accounts for the largest number of plant species.
Though there is almost uniformity and similarity
in the life forms and the structure of the plants in
all parts of this biome but there is much variation
in the composition of plant species. There are
numerous species of plants in the various parts of
the tropical evergreen rainforest biome. For
example, 6000 to 7000 species of flowering plants
in the western Africa (Congo Basin); 20,000
species of flowering plants but quite different
from the western Africa in Malaysia; 40,000
species of flowering plants in Brazil and 2000
species of flowering plants in Panama Canal Zone
have been identified. It will be virtually impossi-
ble to present all the species of plants by names if
all the species of plants of the tropical evergreen
rainforest biome become known to the botanists.
There is close relationship between evergreen
nature of plant communities and temperature and
moisture conditions of equatorial rainforest cli-
mate wherein high temperature and abundant
rainfall throughout the year support luxuriant
growth of plants and the competition among the
plant communities to receive sunlight has been
responsible for full stratification of vegetations in
this biome.

Tree is the most significant member of the
tropical evergreen forests. The number of tree
species is so large and their diversity is so great
that one hectare of land in the equatorial region
accounts for 40 to 100 species of trees. It may be
pointed out that tree species account for 70 per
cent of the total plant species of the tropical
evergreen rainforests. Creepers or climbers are the
second important floral members of the rainforests.
These belong to the category of vines and range in
form from fine string-like stems to massive cable-
like forms. These creepers are so circuitous and
highly irregular in form that it becomes difficult to
find outtheir actual lengths. They ramble through
the forest, scaling the highest emergent trees and
frequently looping down to the ground and then

ascending further sections of the forests. In the
constant struggle for light, climbers have devel-
oped this mechanism for reaching the high
insolation areas with the investment required for a
large supporting biomass’ (P.A. Furely and W.W
Newey, 1983). The climbers, thus, so greatly bind
several trees and plants together that the accessibil-
ity in the forest cover becomes almost zero. This
typical structural form of the tropical evergreen
rainforest has also affected the form of animal life
(to be discussed in the succeeding section). It may
be pointed out that the tropical rainforests account
for 90 percent of all climbing species.

Climbers are divided into two major groups
as presented by P.W. Richards (1952) e.g. (1)
climibers of the lower strata of the forests include
herbaceous plants and (ii) long woody climbers
known as lianas are found in all strata (right from
the ground stratum to the uppermost stratum of
forest canopy) of the forests. Lianas are the most
significant members of the climbers or creepers.
The lianas are characterized by thickly woody
stems of 20 cm diameter or even more, longer
lengths upto 240 m or even more and large crowns
of numerous leaves sometimes resembling the
crowns of trees. Besides, (iii) a third type of
tropical climbers has been also identified i.e. the
epiphytes which do not have their roots on the
ground surface, rather these are evolved on the
trunks, stems, branches and leaves of trees, shrubs
and herbs, climbers etc. The epiphytes live in
almost all the strata or layers of the forests and they
do not require climbing ability as they grow
upward and reach the uppermost canopy of the
forest in search of sunlight. These epiphytes
provide certain habitats to micro-organisms such
as planarians, earthwormes, snails, woodlice, milli-
pedes, centipedes, termites, ants, grasshoppers,
earwigs, scorpions, snakes, tree frogs, lizards and
host of insect larvae.

It may be pointed out that the aforesaid two
major members of the tropical rainforest biome viz.
trees and climbers are autotrophic green plants
which manufacture their own food through the
process of photosynthesis but there are other
numerous parasite and saprophyte plants in this
biome.
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Vertical Stratification

The wvertical stratification of vegetation
community means the composition of plant
assemblages from the soil surface or ground
surface to the upper most forest canopy. Thus, the
different strata of the vertical profile of plant
community in a given region represent different
layers of habitat of different plant groups.
‘Stratification results from competition between
species for favourable locations which, in turn,
exerts control over micro-climate and other
factors affecting the habitats of plants and
animals' (P.A. Furley and W.W. Newey, 1983).
There are five layers or strata from the ground
surface to the uppermost canopy of the tropical
evergreen rainforests out of which three upper
layers consist of trees.

(i) First or top layer (stratum) represents the
uppermost canopy of the tallest trees of the
forests. The top surface of the uppermost stratum is
like an umbrella but the level of the top surface is
not uniform, rather it is discontinuous and wavy in
character. This layer receives maximum amount of
sunlight and intercepts the rain drops. The height of
the topmost layer ranges between 30 m and 60 m.
This layer is also called as dominant layer.

(if) Second layer is formed below the first
and uppermost layer of the forest canopy at the
height of 25m to 30m. It is also called as the
codominant layer or the second dominant layer. The
upper crown of this layer is mopshaped.

(iti) Third layer is formed of lower and
smaller trees, the crown of which is the height of
15-20 m from the ground surface. The trees of this
layer have atypical characteristic of their leaves in
that they (leaves) are much larger than the leaves
of the aforesaid first two layers because of the fact
that these larger leaves can trap more sunlight
which is very low in this layer.

(iv) Fourth layer represents the shrub layer
which is below the aforesaid three layers. This
layer is not continuous rather it is fragmented and
sporadic in nature. This layer also includes the
saplings but these are not permanent members of
this layer because after growing they reach the
upper layer. This herbaceous or shrub layer also
includes some pygmy (dwarf or stunted plants and
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trees) trees but of less than 5-m height. The crown
of this layer is usually 5m from the ground surface.

(V) Fifth or lower ground layer represents the

plants growing at the ground surface but seldom
gains height of more than a metre or two. This
layer is dominated by herbaceous plants and fern.
These herbaceous plants do not form dense cover
and have fewer species because the absence of
light does not allow much growth of herbaceous
plants.

Animal Life

There are some unique characteristics of
animals of the tropical evergreen rain forest biome
which are not observed in other biomes e.g. (i)
There is regular growth of plants throughout the
year and therefore there is regular and constant
supply of abundant food for the animals, with the
result they have not to migrate for food. In other
words, the animals of the tropical evergreen
rainforest biome are least mobile, (ii) The forest is
full of animal activities throughout 24 hours i.e.
throughout day and night because animals of
different species live in the various vertical strata
of the forests. Some animals are active during day
time while others are active during nights. It is
very unique but interesting feature of the rainfor-
ests that there is always hue and cry which makes
this biome alive.

It may be pointed out that the vertical
stratification of the rainforests which are them-
selves the outcome of climatic conditions of the
biome, has largely affected the life-forms of
animals living in the different layers (strata) of the
forests. Most of the animals are arboreal (tree
living) and thus they have been provided additional
feature by the nature to climb the tr.es like claws,
adhesive pads, fingers, toes and several clinging
mechanisms. Some animals have developed the
ability to glide in the air e.g. fox, tree frogs,
squirrels, tree snakes etc. The ground animals have
to pass through the dense and thick covers of trees,
shrubs and climbers and thus they have acquired
special qualities to make their ways through the
forests viz. (i) mammals have generally larger and
sturdy bodies so that they can move by pushing
thickets of plants away. Such animals include
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chimpanzee, gorilla, bison, African elephant, ocapi,
leopard, numerous genera of pigs etc. (ii) Some
ground animals are very small in size but are very
much mobile and clever so that they can pass
through dense vegetation, (iii) The third category
of ground animals includes hidden small organ-
isms belonging to the group of cryptozoic animals.
Such organisms live beneath stones, logs, dead
branches of trees, parts of trees, litters ofleavesetc.

The number, density and diversity of ani-
mals in the tropical evergreen rainforest biome
increase from the ground layer towards increasing
strata (layers) upward because of the fact that food
supply also increases upward from the ground
stratum due to increasing trend of sunlight in the
same direction. It may be remembered that the
green plants manufacture their food through the
process of photosynthesis which requires suffi-
cient amount of sunlight. It is obvious that the
vertical stratification of the rainforest has given
birth to well organized vertical stratification of
animals. J.L. Harison (1962) has identified the
following strata of animals and their important
members from the uppermost stratum to the
ground stratum:

(i) Upper air animal community : The upper
surface of the canopy of the topmost stratum of the
rainforest is dominated by insectivorous birds and
bats but a few species are also carnivores. These
birds belong to the category of fast flying species
such as Asian falconet, swifts, seviftlet etc.

(i) Main canopy animal community in-
cludes those birds and fruit bats which live in the
canopy of the tallest trees forming the uppermost
stratum. The important animals of the topmost
canopy of the Amazonian rainforest are toucans,
parakeets, barbets, cotingas, curassows, bill birds
etc. A few small mammals, such as squirrels,
herbivorous monkeys etc. are also found in the
topmost stratum.

(iii) Middle-zone Hying animal community
includes mostly flying birds and insectivorous
bats.

(iv) Middle-zone climbing animal commu-
nity : The*animals of this zone have various
climbing mechanisms and they reach the topmost
stratum through t! e stems and Ranches of trees and
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climb down to the ground stratum. These beteagto
both categories of carnivorous and herbivorous
animals. Squirrels and civets are the important
members of rodents which belong to the category
of mammals. The binding circuitous and criss-
crossing networks of various types of climbers
facilitate easy movement of these climbing animals
through all the vertical strata. These creepers also
provide ideal habitats for these animals.

(v) Large ground animal community in-
cludes mostly animals but there are also some
birds in the ground stratum. These animals have
large but sturdy bodies and lack in climbing
qualities and mechanisms. The herbivorous large
animals are few in number, important being
mouse, deer and cassowaries. Numerous members
of pig family feed on roots, tubers and bulbs. It
may be pointed out that the largest animals of the
tropical rainforests are smaller in size than their
counterparts in other open forests and grasslands
because here the ground animals have to pass
through dense vegetation cover and therefore they
have been provided relatively smaller bodies but
with great power and strength so that they can
make their ways through dense forest. For
example, the forest elephants of the rainforest
biome are much smaller in size than the bush
elephants and savanna elephants.

(vi) Small ground animal community in-
cludes small animals and micro-organisms. Most
of these animals are insectivorous such as Argus

pheasant, peacocks and numerous types of fowl
such as Guinea fowl.

Ecosystem Productivity

The primary productivity of the tropical
rainforest biome is the highest of all biome types
of the world. It may be pointed out that the
rainforest biome represents only 13 per cent of the
total geographical area of the world but this biome
accounts for 40 per cent of the total net primary
productivity of the world. The average net primary
production of this biome is 5000 dry grams per
square metre per year. Wood constitutes the
largest share of the total biomass and net primary
production. There is maximum eompetitionamong
the various members of vegetation communities of
the tropical evergreen rainforest biome to get light.
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Thus it is obvious that the plant species of almost
similar characteristics and features can survive in
this competition. This is the reason that inspite of
largest number of plant species in this biome they
have more or less similar life-forms.

The maximum ecosystem productivity is
because of availability of sufficient sunlight and
humidity (water) throughout the year. It may be
remembered that these two are the primary
requirements for photosynthesis by green plants. It
is thus apparent that two basic parameters of high
mean monthly temperature (radiant energy) and
rainfall is fully reflected in the luxuriant growth of
tropical evergreen rain forests and their maximum
primary productivity

Human Interactions

The human interaction with tropical (equa-
torial) rainforest biome has not been harmonious
rather it has been and is exploitative and destruc-
tive. Man has started to damage this biologically
richest ecosystem through his economic activities.
A sizeable portion of Amazonian rainforests has
already been damaged through mining activity and
industrial and agricultural expansion. The con-
struction of large dams and reservoirs on the
Amazon and its tributaries at the cost of rich forest
cover has upset the ecological balance of the area.
The powerful elite society and even the local
Brazilean government is not paying any attention
to the mass movement of the local aborigins

against mass felling of trees.

14.2 TROPICAL MONSOON CLIMATE (Am)

Location

Monsoon climate is generally related to
those areas which register complete seasonal
reversal of wind direction and are associated with
tropical deciduous forests but there are some
departures from this close relationship and near
correspondence between the regions of monsoon
climate and tropical deciduous forests. Monsoon
climate is found in the zone extending between 5°
and 30° latitudes on either side of the equator (fig.
14.2). In fact, this zone comes under the domain of
trade wind belt which experiences seasonal shifting
due to northward and southward migration of the
sun. Onshore winds blow for six months from warm
tropical oceans towards the continents and offshore
winds blow for another six months from land to the
sea. The areas of monsoon climate are divided in the
following categories.

(1) True monsoon areas include India,
Burma (Myanmar), Pakistan, Bangladesh, Thai-
land, Combodia, Laos, North and South Vietnam,
southern China, Philippines, and northern coastal
area of Australia.

(2) Areas of monsoonai tendencies or pseudo-
monsoons are found along the south-west coast of
Africa including the coasts of Guinea, Sierra
Leone, Liberia and Ivory Coast; eastern Africa and
western Madagascar (Malagasy).

(3) Areas of monsoon effects include north-
east coasts of Latin America e.g. east Venezuela,
Guyana, Surinam, French Guyana, and north-east

Fig. 14 2 : Distribution of monsoon climate areas.
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Brazil. Besides, Puerto Rico and Dominican
Republic in the Caribbean Island also enjoy mild

monsoonal effect.

(4) Areas of modified monsoon arc lound in
parts of central America and south-east USA.

Temperature

Though mean annual temperature is fairly
high but summer and winter seasons are sharply
differentiated due to northward (summer solstice)
and southward movement of the sun (winter
solstice). There are three main seasons in ayear in
Indian Subcontinent and surrounding monsoonal
areas e.g. (1) dry warm summer season (March to
June), (2) humid warm summer season (July to
October), and (3) dry winter season (November to
February). Average temperature of warm dry
summer months ranges between 27°C and 32°C but
maximum temperature ranges between 38°C and
48°C during May and June. Warm humid summer
months record average temperatures ranging be-
tween 20°C and 30°C. The mean temperature
during day in winter months varies from 10°C to
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27°C. Annual range of temperature ranges between
2°C and 11°C and is controlled by nearness or
remoteness of the sea (i.e. distance from the sea),

continental and latitudinal influences. For exam-

ple, annual range of temperature increases inland
(5.3°C at Rangoon, 11°C at Mumbai, 18.4°C at

Allahabad, 20.2°C at Agra). Similarly, diurnal

range of temperature is low in the coastal areas but
it increases inland. Diurnal range of temperature is
much higher in dry summer season than in other
seasons. For example, in the Ganga plains of India
maximum temperature during day time may go as
high as 44°C to 48°C and the minimum temperature
during nights may come down as low as 20°C to
25°C, thus registering diurnal range of 23°C to
24°C. The temperature during May and June
becomes exceptionally high due to prevalence of
hot winds locally known as loo.

The monthly average temperatures for 3
representative areas of monsoon climate are shown
in table 14.2 e.g. Kolkata (India, true monsoon
region), Dakar (Senegal, pseudo monsoon region),
and Darwin (Australia, true monsoon region).

Table 14.2 : Monthly average temperature and rainfall for tropical monsoon climate

Months Jan. Feb. Mar. Apr. tMay June

July Aug. Sept. Oct. Nov. Dec. Annual

Kolkata, India

Tem.(°C) 20 23 28 30 31

30

Rainfall 13 24 27 43 121 259

(mm)

29 29 30 28 24 21 27
301 306 290 160 35 3 1582

Dakar, Senegal

Tem.(°C) 21 20 24 22 23
Rainfall 0 2 0 0 1
(mm)

26
15

27 27 28 28 26 25 24
88 249 163 49 5 6 578

Darwin, Australia

Temp (°C) 28 28 28 28 27
Rain (mm) 341 338 274 121 9
Source : Based on Oliver and Hidore, 2003

Air Pressure and Winds

Monsoon areas are affected by high and low
pressure systems due to winter and summer
seasons respectively. In fact, there is complete

25
1

25 26 28 29 29 28 28
2 5 17 66 156 233 1562

reversal of pressure gradients over Asiatic land-
mass because of northward and southward migra-
tion of the sun and consequent differential heating
of the continent and adjoining oceanic areas. Due to
southward migration of the sun after 23 September
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(autumnal equinox) high pressure centres are
developed on the landmass of Asia during winter
season While low pressure is developed in the
southern Indian and Pacific Oceans, with the result
pressure gradient is developed from land areas to
the oceanic areas resulting into the outflow of
surface winds from high pressure centres of the
land areas towards oceanic low pressure areas. This
wind system having north-east direction is called
winter monsoon Which is nothing more than the
reestablished north-east trade winds which are
displaced during summer season due to northward
shifting of intertropical convergence (ITC) be-
cause of northward migration of the sun. These
offshore winds are generally dry because they come
from over the land areas but wherever they pass
over the oceanic areas, they pick up moisture and
yield rainfall when effectively obstructed. For
example, north-east monsoon winds while passing
over the Bay of Bangal pick up moisture and give
rainfall in the coastal regions of Tamil Nadu during
winter season. The pressure system is completely
reversed during summer season when the sun
registers northward migration after 21 March and
becomes almost vertical over tropic of Cancer on
June 21. Thus, thermally induced low pressure
develops due to very high temperature over huge
landmass of Asia. These low pressue centres are
further intensified due to northward movement of
intertropical convergence (ITC) upto 20° to 35°N
latitudes while high pressure centres are devel-
oped over southern Indian and Pacific Oceans, with
the result sea to land pressure gradient is steepened
and onshore winds are generated. These onshore
winds are the south-west or summer monsoon
winds which are moist as they pass over the sea

surfaces.

According to the advocates of the concept of
thermal origin of monsoon the north-east or winter
monsoons and south-west or summer monsoons
are originated due to differential heating of
landmasses and oceanic areas during summer and
winter seasons and resultant thermally induced
high and low pressure areas. According to them the
summer and winter monsoons are south-east and
north-east trade winds. In fact, the south-east trades
while crossing over the equator during summer
Season due to northward shifting of pressure belts
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caused by northward migration of the sun becomes
south-westerly in direction according to FerrePs
law. Since these winds come from over the ocean,
they become moist and give rainfall. According to
the advocates of the dynamic origin of monsoon the
belt of doldrums and North-Intertropical Conver-
gence (NITC) are drawn over south and south-east
Asia during summer season due to northward
migration of the sun and thus equatorial westerlies
of the belt of doldrums are also established over
south and south-east Asia and thus they become
south-west monsoons. The tropical disturbances
(cyclones) associated with the intertropical conver-
gence (ITC) yield copious rainfall. For detailed
discussion on the origin of monsoon see chapter 7.

Precipitation

Monsoon regions receive most of their
annual rainfall through cyclonic and orographic
types of rains though convective mechanism also
yields some rainfall. On an average, the average
annual rainfall is around 1500 mm but there are
much variations in the temporal and spatial
distribution. Some times, a few areas receive less
than 500mm of mean annual rainfall. Even the
temporal distribution of rainfall within a single
year is highly variable because more than 80 per
cent of mean annual rainfall is received within 3
wet months of summer season (July, August, and
September). Thus, the rainy season records much
surplus water whereas dry winter and summer
seasons have marked deficit water because dry
seasons receive less than 25 mm of rainfall per
month. There is maximum evaporation during
warm dry summer months which results in
desiccation of soils and marked reduction in soil
water. This seasonal regime of annual rainfall gives
deciduous character to the vegetations which shed
their leaves during the transitional period between
winter and summer seasons.

Most of the annual monsoonal rainfall is
received through moisture laden south-west monsoon
winds which come from over the ocean surface.
The outbreak of monsoon generally occurs in India
around mid-June. When these moisture laden
monsoon winds strike the mountain barriers they
give copious rains. This is why the western coastal
plains of India receive more than 2500 mm of



annual rainfall because the Arabian Sea Branch ol
monsoon winds are obstructed by the Western
Ghats and hence they are forced to ascend and soon
become unstable and saturated. The leeward sides
of the mountains fall in rainshadow region because
descending winds are adiabatically warmed and
thus become stable and dry. This is why Mangalore,
located on the windward side ol the Western Ghats
receives 2000 mm of annual rainfall whereas
Bangalore, located on the leeward side receives
only 500 mm of annual rainfall.

The eastern coast of Tamil Nadu and
Andhra Pradesh receives much rainfall during
winter season through north-east monsoons as
they while passing over the Bay of Bengal, pick up
sufficient moisture and yield rainfall. January and
February are generally driest months in India but
the Ganga plains receive some rains from westerly
disturbances or temperate cyclones coming from
Mediterranean Sea.

Variability of rainfall in terms of both
amount and duration is the characteristic feature of
monsoon climate. Secondly, monsoonai rainfall is
basically cyclonic in character.

14.2.1 MONSOON DECIDUOUS FOREST BIOME

The location, distribution of monsoon
climate and climatic characteristic features of
monsoon deciduous forest biome have been
described in section 14.2.

Plant Community and Structure

The number of plant species is less in the
tropical deciduous forest biome than the tropical
evergreen rainforest biome. Since the density of
plants is also lower in this biome than the
rainforest biome and hence there is comparatively
less competition among the plants for getting
sunlight. The height of most of the trees ranges
between 12m and 30m. There are four strata or
layers in the vertical structure of the tropical
deciduous forests. The uppermost and the second
strata consist of trees, the third stratum is formed
by shrubs whereas the last and the fourth stratum or
the ground stratum represents herbaceous plants.

M ost of the trees are deciduous but the
shrufcsofthe third stratum are evergreen. The trees

are characterized by thick girth of stems, thick,

rough and coarse bark and large

leaves or small, hard xeromorphic leaves. The large
hydromorphic leaves enable the tree to trap mere
and more rainfall during wet seasons but these
large leaves are shed in dry periods to conserve
moisture whereas small and hard xeromorphic
leaves enable the trees to withstand dry weather and
waterdeficiencies.

Though there are numerous climbers mainly
lianas and epiphytes but their numbers are far less
in the tropical deciduous forest biome than the
tropical evergreen rainforest biome.

Sal (Shorea robusta) and teak trees of
Indian deciduous forests form forest canopy but
its shape is not like umbrella or cauliflower as is
the case with the forest canopy of the rainforest
biome. Bamboo is another important member of
the Indian deciduous forest. Besides, there are
numerous trees, climbers, shrubs and grasses
which have spatial variations from one region of
the tropical deciduous forest to the other region.

Animal Life

It may be pointed out that various dimen-
sions of animal community of any habitat/
ecosystem/biome including the number of spe-
cies, their population and density, their life-forms
and various activities, reproduction and various
types of biological interactions and above all
species diversity largely depend on the composi-
tion and structure, richness or poorness, total
biomass etc. of vegetation communities of the
concerned biome. It is a significant ecological
principle that more the development of stratifica-
tion of the vertical structure of the vegetation
community of a biome and greater the number of
plant species, the more will be the number of
animal species, their total population and species
diversity. This ecological principle holds good in
the case of tropical evergreen rainforest biome as
discussed earlier. But there are comparatively
lesser number of animal species in the monsoon
deciduous forest biome than the rainforest biome
because of comparatively less developed vertical
strata and hence less diversification of animal
species. - o

The seasonal character of vegetation com-
munity in terms of dense vegetation cover,
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development of leaves and their evergreen form
during rainy months (wet summer season, July to
September) and shedding of leaves, drying of
herbaceous plants etc. during dry season mainly
during dry warm season has affected and deter-
mined the seasonal behaviour of animal communi-
ties particularly breeding and migrating behav-
iour. In other words, the seasonal character of the
monsoon deciduous forests has been responsible
for the seasonal regime in the breeding and
reproduction and migration of animals. For
example, birds in east Africa breed twice during
the two different seasons of a year. Indian dogs
generally breed once a year mainly at the end of
wet monsoon season (during October-November).

The animals of the tropical and sub-tropical
dry deciduous forest biome range from very small
animals (micro-organisms) to very large-bodied
animals like elephants, horses, hippopotamus,
ganda or rhinos, lions, forest buffalo together with
a large population of birds of several species. This
biome represents the largest number of domesti-
cated mammals because of the development of
agriculture. This biome also carries the largest
number of human population of the world.

Man and Monsoon Deciduous Forest Biome

The tropical and sub-tropical monsoon
deciduous forest biome is one of the most
disturbed ecosystems of the world. The forests
have been adversely affected by both natural and
anthtropogenic processes. There are numerous
cases of frequent forest fires every year kindled by
either natural processes such as lightning or
anthropogenic factors such as inadvertent actions
of man (throwing of burning ends of bidi or
cigarettes by the herdsmen in the forests) or
advertent and intentional actions ol man (such as
clearing of forests through deliberate burning for
agricultural purposes under jhumcultivation which
is very much prevalent in India) and large-scale
grazing. The forests of the monsoon deciduous
forest biome have been so rapidly destroyed within
the last 50 years or so through the rapacious
utilization of forest resources for commercial and
industrial purposes and large-scale clearance
through mass felling of trees for agricultural land
that the vegetation cover has shrunk to a very
critical size.

The rapid rate of deforestation has led to the
initiation of several ecological and geological
problems. Several species of precious animals have
now become endangered species because of de-
struction of their natural habitats. For example,
lions and tigers and even elephants have become
endangered species in India partly because of
deforestation and partly by mass hunting of these
animals. Similarly, Indian rhinos are facing
extinction because of their mass killing. The lions
of Gir forest of Gujarat of India together with
other animals like leopards, spotted deer, sambhar
deer, Indian gazelle, nilgai, antelope, wild boar
etc. are now endangered species because of
enormous destruction ofthe Gir Forest Ecosystem.
The rapid rate of deforestation in the monsoon
lands mainly in India has caused accelerated rate of
soil loss through rill and gully erosion, siltation of
river beds and consequent recurrent severe floods
in the alluvial rivers.

14.3 TROPICAL WET-DRY CLIMATE (Aw)
SAVANNA CLIMATE

Location

The word savanna has been used for
different meanings by various scientists e.g. the
word savanna region has been wused by the
climatologists to indicate a particular type of
climate i.e. tropical wet-dry climate (Aw climate
of Koppen) as savanna climate, while the botanists
have used the word savanna for a typical type of
vegetation community of tropical regions charac-
terized by the dominance of grasses. This climate
is also called as Sudan type of climate. Savanna
type of climate is located between 5°-20° latitudes
on either side of the equator (fig. 14.3). Thus,
savanna climate is located between equatorial type
of climate (Af) and semi-arid and subtropical
humid climate. In other words, this climate is
located between equatorial low pressure belt or rain
producing intertropical convergence and subtropi-
cal high pressure belt. The most characteristic areas
of savanna climate include the Llanos of Orinico
Valley including Columbia and Venezuela, the
Guiana Highlands, the Campos of Brazil (south
central parts), and Paraguay in South America;
hilly areas of Central America; southern part of
Zaire, Angola, Zambia Mozambique, Tanjania,
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Uganda, and Central Rhodesia, all to the south of
the Congo Basin, and central Nigeria, southern
Kenya and Uganda, Central African Rupublic,
Dahomey, Togo, Chad, Ghana, Ivory Coast and
eastern Guinea in Africa; northern Australia and
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some areas ofIndia (the savanna ofindia is not the
original and natural vegetation cover rather it has
developed due to human interference with the
original forest cover resulting into the develop-
ment of widespread man induced grasslands).

Fig. 14.3 : Location of Savanna climate.

Temperature

The Savanna climate is characterized by
distinct wet and dry seasons, mean high tempera-
ture throughout the year (ranging between 24°C
and 27°C), and abundant insolation. Temperature
does not fall below 20°C in any month of the year.
Thus, Savanna climate is similar to equatorial
climate as regards temperature but the annual range
of temperature ranging between 3°C and 8°C is
greater than in the equatorial climate. There are
three main seasons on the basis of the combination
oftemperature and humidity (though on an average
there are only two seasons as referred to in the
beginning but the dry season is further divided into
warm dry season and cold dry season on the basis
of temperature). (1) Cold dry season is character-
ized by high day temperature ranging between
26°C and 32°fc but relatively low temperature
during nights, usually 21°C. (2) Warm dry season

is characterized by almost vertical sun’s rays, high
temperature ranging between 32°C and 38°C due to
abundant insolation. (3) Warm wet season receives
between 80-90 percent of total annual rainfall and

thus records relatively lower, temperature than
warm dry season.

Air Pressure and Winds

The regions of Savanna climate are affected
by low and high pressure systems in a year. Due to
northward migration of the sun during summer
solstice (21 June) the equatorial low pressure belt
and doldurm are shifted northward and thus
Savanna climate comes under the influence of Inter
Tropical Convergence (ITC) which is associated
with atmosperhic disturbances (cyclones) which
yield rains. Due to southward migration of the sun
during winter solstice (22 December) Savanna
climatic zone comes under the influence of
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subtropical high pressure belt and thus anticy-
clonic conditions dominate the weather and bring
dry conditions. The descending stable winds under
anticyclonic conditions cause dry weather. Be-
sides, the coastal areas are affected by local winds
and sea breezes. Eastern coasts arc influenced by
trade winds. Strong and high velocity tropical
cyclones dominate the weather conditions during
warm season. Itis apparent that the Savanna type of
climate is induced due to the introduction of wet
summer and dry winter seasons because of north-
ward and southward migration of the sun respec-
tively. Since the Savanna climate is located
between equatorial wet and tropical dry climates
and hence there is gradual variation in weather
conditions away from the equator as the aridity
increases poleward.

Rainfall

The average annual rainfall ranges between
100cm and 150cm but there is much pronounced
variation in the spatial distribution of mean annual
rainfall in different parts of Savanna climate
mainly because of two factors viz. (1) distance
from the equator, and (2) the nature of topographic
features. For example, the Savanna region of
Brazil, locally called as Cerrado having the
average absolute relief of 1300m AMSL, records
mean annual temperature and mean annual rainfall
0f 20°C-26°C and 75cm-200cm respectively. The
Llanos of Columbia is characterized by mean
annual rainfall of 200cm-400cm (near Andes
Mountain), mean annual temperature of 22°C, and
maximum temperature of 32°C. The Indian Sa-
vanna is characterized by the highest temperature
(being 45°C-48°C in May and June) and lowest
temperature (being 5°C or even less during the
month of January) of all the Savanna regions of the
world and the mean annual rainlall well below

150cm, 80 to 90 per cent of which is received
during a brief period ol 3 months (July to
September).

Since the Savanna climate is a transitional
belt between humid equatorial and dry tropical
climates and hence there is much variability in the
amount and duration of rainlall at the wet
(equatorward) and dry (poleward) boundaries.
There is copious rainfall in the equatorward
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margins because ol convergence of surface winds
and convective mechanism of ascending unstable
winds but at the poleward margins near-dry climate
(BWh) is found and rainlall significantly decreases
due to descending air and anticyclonic conditions.
Hete mean annual rainlall becomes as low as 25
cm. As the Intertropical Convergence (ITC) moves
northward due to northward migration of the sun,
thunderstorms begin to develop by March and the
amount of rainfall increases in the following
months. The Intertropical Convergence reaches its
northernmost limit by August. Thus, rainfall
continues to increase upto August and most of rains
are received through tropical cyclones and thunder-
storms. Rainfall decreases due to southward
shifting of ITC and dry trade winds are re-
established after November resulting into dry
weather conditions. It isapparent that the period of
wet weather decreases while that of dry weather
increases as the distance from the outer limit of the
equatorial climate increases. The amount of mean
annual rainfall also decreases from east to west.
Savanna climate is also characterized by high
variability of rainfall as there may be so heavy and
abundant rainfall inaparticular year that floods are
caused while the following years may receive so
olittle rainfall that drought conditions prevail.

14.3.1 SAVANNA BIOME

The location, distribution and climatic con-
ditions of Savanna biome have been discussed in
the preceding section 14.3. Here, only vegetation
community, animal community and man's impacts
on savanna biome are discussed.

Vegetation Community

Though the general characteristics of typical
Savanna vegetation are trees and grasses but the
Savanna biome is, no doubt, dominated by grasses.
The Savanna vegetation community has developed
layered structure wherein three distinct layers have

clearly developed.

(i) Ground layer (stratum): is dominate
various types ol grasses and herbaceous plants. The
grasses, the most dominant vegetative member of
the Savanna biome, are generally coarse, stiff and
hard and of course perennials having the height of
80 cm but very long grasses reach up to 350cm
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(3.5m) inheight. The African elephant grass attains
the enormous height of 500cm (5m). The \eayes o
these grasses are almost flat which are she  urmoO
dry season but they are regenerated during wet
season. The Savanna grasses are usually tufted in
structure and form. It may be pointed out that not all
the grounds are continuously covered by Savanna
grasses, rather there are frequent open patches
which are devoid of grasses. The root systems of
the Savanna grasses consist of lateral dense
network of fine branches which penetrate into the
depth of 2.5m in the soil cover. The important
genera of the Savanna grasses are Hyparrhenia
(elephant grass), Panicum, Pennisetum, Andropogon
and African species Imperata cylindrica. The
grasses bear deserted look during dry warm
summer season but they become lush green again
during humid summer season.

(if) Middle layer consists of shrubs and very
stunted woody plants.

(iii) Top or canopy layer is formed by trees ot
various sorts. The general characteristics of trees
depend on the availability of water and moisture
and therefore there is a great taxonomic variety of
Savanna trees which are usually 6.12m in height.
The Savanna trees have developed various unique
characteristics to cope with the dry conditions of
this biome. For example, there are a few species of
trees which have developed such mechanisms
which help them to reduce evapotranspiration
from their leaves during warm dry season and
enable them to remain green even during dry season
of deficient water supply. On the other hand, there
are such tree species which cannot withstand dry

conditions and therefore they shed their leaves and
bear the characteristics of deciduous trees. The
roots of the Savanna trees have also developed
according to the environmental conditions as they
are very large which can penetrate into the soil and
ground up to the depths from 5mto 20m so they can
obtain water from groundwater even during dry
season when the groundwater table falls consider-
ably. The smaller plants and many herbaceous
plants have special kinds of root systems character-
ized by root tubers and swellings so that they may
preserve water which may be used by the plants
during dry season, because the roots of these plants
seldom reach the depth of more than 20cm in the

CLIMATOLOGY

soils and the coarse soils up to this depth become
dry during dry season.

The trees form flattened crown or canopy but
they are very sparsely distributed. Several branches
come out from the stems which are mixed up with
the middle layer. Some of the Savanna trees are fire
resistant (»y oo nytic) as they have thick bark and
thick bud-scales. The Savanna biome is character-
ized by the monotony of tree species as there are
very few tree species per unit area as compared to
the tropical rainforest and tropical monsoon
deciduous forest biomes. For example, baobab is
the only significant tree from Tanzania to Senegal
and the Savannas of Ivory Coast and Sudan are
dominated by palm trees. The important tree
species are Isoberlinia, the baobab and dom palm in
African Savannas; species of Eucalyptus such asE.
Marginata and E. Calophylla in Australia; pine in
Honduras etc.

The net primary productivity ranges from
one place to another place depending on the nature
of tree densities. The mean net primary productiv-
ity of the Savanna biome is 900 dry grams per
square meter per year but there is great spatial
variation in the productivity as it ranges from 1500
dry grams per square meter per year in the closed
savanna (dominated by tress and shrubs) to a
minimum of 200 dry grams per square meter per
year in the desert scrub Savanna.

On the basis ot the proportion of trees and
grassland and the structure ot the vegetation the
Savanna biome may be divided into the following
four types (P.A. Furley and W.W. Newey, 1983):

() wooasiana SAvanna isdominated oy trees
and shrubs which torm dense upper canopy. This
Savanna is, thus, also called as ciosecd savanna~
Inspite ot comparatively closed upper tree canopy
ot the topmost layer, enough sunlight reaches the
ground surface to support ground cover of ne .-
ceous plants. There is more or less general s sence
Ot cpipnyies but some climbers having their roots
in the ground are present.

(i) Trees.vanna represents relatively open
vegetation cover in terms of trees, and shrubs
which ate sparsely distributed. The ground cover is
dominated by grasses. No tree canopy is devel-
oped.
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(iii) Shrub savanna is represented by treeless
vegetation which is dominated by grasses at the
ground layer and shrubs atthe second layer. Infact,
shrub Savannais two layered vegetation where the
topmost layer is formed ol shrubs and the ground
cover consists of grasses.

(iv) Grass savanna is characterized by
general absence of trees and shrubs and over
dominanceofdense grasses. The grass cover is not
continuous, rather it is separated by intervening

patches of grassless areas.

The frequent fires, both natural and

anthropogenic (intentional annual burning of
grasses by man), are common features of all the
aforesaid Savanna biomes. Though many organic
materials are destroyed due to annual burning of
grasses by man, regular fires in Savanna grasslands
are very important ecological processes because
these favour regeneration of grass every year,
mineralisation of leaf litter and regulation of
fauna. ‘Thus, fire appears to be anormal partofthe
Savanna biome and one of the major factors in its
nature— Savanna (is) a delicate balance of the
outcome of climate, soils, vegetation, animals and
fire, with fire as the key agent whereby men have
created the biome; as it now stands this biome in
Africa cannot be regarded as climatic climax but
as a product of human activity’” (I.G. Simmons,
1982).

No doubt, frequent burning of grasses by
man has been responsible for the evolution of afew
fire-resistant species of trees and grasses such as

Imperata spp (a type of grass).

Animal Community

It may be pointed out thatanimalcommuni-
ties of different Savanna areas of the continents
show awide range of species diversity because of
the fact that (i) different Savanna areas have
developed differently in different environmental
conditions during various stages ol evolution, and
(ii) the degree of human interference has greatly
varied in different Savanna regions. The availabil-
ity of food during different seasons depends on the
environmental conditions. Since thereismaximum
growth and development ofvegetation during wet
summer season and almost barren ground during

tfry sumjBer season and hence there isabundance of

309

v
food during wet season butthere is marked scarcity
of food during dry season. This seasonalregimeof
the availability of animal food has largely affected
animal community in the Savanna biome. Sec-

ondly, hunting of animals by man has also
adversely affected them. Inspite of these limiting
factors the Savannas are capable of supporting a

very diverse fauna.

The African Savannaaccounts for the largest
number and the greatest variety of grazing verte-
brate mammals in the world. Forexample, the East
African Savanna carries 40 species of very large
herbivourous mammals such as African buffalo,
zebra, giraffe, elephants, many typesofantelopes,
hippopotamus etc. of which even 16 species graze
together in the same habitat. On the other hand, the
South American and Australian Savannas do not
have large number of grazing mammals similar to
the African Savanna butgreat variety of birds like
those of the African Savanna is invariably found.
The Australian Savanna is dominated by marsupi-
als (typical mammals of South American and
Australian origin having pouch in their bodies to
keep and feed their offsprings). There are atleast50
species of kangaroo in the Awustralian Savanna
which greatly vary in size ranging from very' large
red kangaroo (1.5m tall) to very small species of
wallaby (only 30 cm in height). The large grazing
mammals of the South American Savannas include
deer and guanaco. Besides, toucans, parrots,
nightjars, kingfishers, doves, finches, parakeets,
wood peckers are also found in large number in the

South American Savannas.

It may be pointed out that relatively less
denser cover of vegetation in the Savanna biome
provides maximum mobility to the animals and
thus the Savanna grasslands have been responsi-
ble for the origin and evolution of great number of
large mammals (like elephant, giraffe, zebra,
ganda, hippopotamus, antelopes etc.) and birds
such ascourses, bustards, game birds, ostrich, and

several non-flying birds like emu.

There is complete correlation and corre-
spondence between the structure and seasonal
regime of the Savanna vegetation and invertebrate
animals. The invertebrate animals include insects
(such as tlies-diptera, locusts, grasshoppers, ter-
mites-lsopetra, ants and arthropods (like spiders,
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scorpions etc.) which are found profusely in the
various parts of the Savanna regions. The density
of oligachaete worms, spiders and insects in the
Guinea Savanna of tall grasses of the western
Africais50,000 to 60,000 per 300 square meters of
area during dry season but the density of these
organisms increases to 1,00,000 during wet season
because of regeneration of dense cover of green
grasses. The rainy season is characterized by the
dominance of smaller animals (such as springtails,
ants, earwigs, cockroaches, small crickets, carabid
beetles etc.) whereas the larger invertebrates
dominate during dry season like locusts, grasshop-
pers, mantids and crickets.

It may be pointed out that inspite of large
number and great variety of animals of invertebrate
and vertebrate categories (ranging from micro-
organism-like insects to very large bodied animals
like giraffe and elephants) there is no competition
for food among the animals in the Savanna biome
because of the fact that the animals of this biome
have developed typical feeding habits and mecha-
nisms according to the characteristics of the
vegetation. For example, giraffe uses the top layers
of the trees and shrubs through his exceptionally
long neck, zebra lives on the leaves of shrubs and
the head of tall grasses, wildbeasts graze the
grasses of medium height whereas the gazelles
(deer family) depend on short grasses. It appears
that there is close correspondence between the
vertical stratification of the vegetation community
and feeding habits of the animals of the Savanna
region. Thus, the Savanna biome is characterized
by the development of grazing succession which
enables the animals of various species and sizes to
live in the same habitat without having much

cgmpetition among themselves for food.

There is also wide range of variation in the
seasonal mobility of the ungulate animals (animals
having hoofs) and thus the seasonal variability of
the animal mobility has also discouraged competi-
tion among the animals for food. Based on seasonal
characteristics of mobility A.F. Lamprary (1964)
has divided the animals of the Savanna biome into
the following 5 categories.

(i) Animals with little or no seasonal
movement, e.g. girafft | Grant’s gazelle, harte-

CLIMATOLOgqy

(ii) Animals having partial movement dur-
ing dry season, e.g. impala

(iii) Animals having partial movement

during wetseason e.g. warthog, dikdik, waterbuck,
rhino etc.

(iv) Animals migrating during dry season,
wild beest, eland, elephantetc.

e.g. buffalo, zebra,

(v) Animals used to passage migration e.g.
buffalo, zebra, elephant etc.

Ecosystem Productivity

The East African Savanna is the richest of
all the other Savannas in terms of total animal
population. ‘Where a rich fauna still exists, as in
East and Central Africa, it may achieve ayearlong
vertebrate biomass of 100 x 105 kilogram per
hectare live weight’ (I.G. Simmons, 1982). The
average net primary productivity (NPP) of the
Savanna biome is 900 dry gram per square meter
per year whereas the total net primary productivity
of all the Savannas of the world is 13.5 x 109tons
per year. The termites are very significant animals
of the Savanna biome because they help in
decomposing the organic matter and in recycling
the nutrients. According to an estimate (I.G.
Simmons, 1982) the biomass of termites in Ivory
Coast is 12kg per hectare and these consume 30kg
of cellulose per hectare per year and rearrange
several dozen tons of soils every year.

Man and the Savanna Biome

The impact of man in the Savanna biome
right from the evolution of human races in the
various parts of the present-day Savannas to the
present-day technologically advanced society has
been so immence that the very nature and the
characteristics of Savanna grasslands are the
outcome ot the continued man’s interferences with
the original natural environmental conditions
particularly natural vegetation and related micro-
climates. The regular burning of vegetation gener-
ates lush green grasses during wet season which
support large number and variety of grazing
animals but simultaneously this routine annual
practice reduces the number of large animal
feeding on the leaves oftreess < . s« frequentfires

are not conducive for luxuriant growth of trees*
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The rapidly increasing human population
for the last 50 years or so has put enormous strain
on the natural Savanna grasslands because a vast
... 0f the original grasslands has been converted
into agricultural fields to grow more food crops to
feed the teeming millions. The rapid rate of
expansion in the agricultural lands under the new
scheme of green revolution has further been
responsible for the shrinkage of natural Savanna
grasslands. Further more, enormous increase in the
number of domesticated animals has greatly
damaged the grasslands. In nut shell, the impact of
human activities has resulted in the shrinking of the
areas of grasslands and reduction of natural
vegetation which have caused shortage of food
supply to the animals. All these have ultimately
adversely affected the animal communities. Conse-
quently, the number of animal species and their
total population are gradually decreasing.
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14.4 TROPICAL-SUBTROPICAL HOT DESERT
CLIMATE (BWh)
(SAHARA TYPE OF CLIMATE)

Location

The hot desert or Sahara type of climate is
located between the latitudinal belt of 15°-30° (35°)
in both the hemispheres on the western parts of the
continents. This climate isfound in (1) Africa—the
Namib and Kalahari deserts of coastal Angola and
southwest Africa, interior Botswana and South-
Africa, and Sahara desert; (2) Asia-Thar deserts of
India and Pakistan, Arabian deserts, Iranian desert;
(3) South America-Acatama desert of coastal Peru
and Chile; (4) Mojave and Arizona deserts of
south-western USA,; (5) Australia-Great Sandy
Desert, Great Victoria Desert and Tanami Desert
(fig. 14.4). This climate is characterized by annual
aridity, and subsiding warm air masses Of the
subtropical anticyclones. The following reasons
are held responsible for the genesis of perpetual

EUROPE

ASIA

Fig. 14.4 : Location of tropical-subtropical hot dry desert climate-Sahara type of climate. ..:;
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aridity of the tropical-subtropical hot desert
climate: (i) Temperate cyclones do not reach these
areas, (ii) Intertropical Convergence (ITC) also
does not influence these areas because of their
distant location from the equator, (iii) The trade
winds spend most of their moisture through rainfall
in the eastern margins of the continents and as they
reach the western margins of the continents they
become dry and hence are unable to give rainfall,
(iv) Due to anticyclonic conditions winds descend
from above and hence they are warmed adiabati-
cally with the result their moisture retaining
capacity increases resulting into marked decrease
in relative humidity, (v) Subtropical high pressure
system causes divergence of surface winds which is
antagonistic to rainfall, (vi) The ground tempera-
ture is so high that raindrops, if formed at all, are
evaporated before they reach the ground
surface.

Temperature

On the basis of annual distribution of
temperature two distinct seasons are recognized
e.g. summer season and winter season. Average
temperature during summer season ranges between
30°C and 35°C but maximum temperature exceeds
40°C during mid-day. The temperature of 40°C to
48°C is very common at noon during summer
months. The western part of Great Australian
Desert records temperature above 40°C for 64 days
in continuation and above 32°C for 150 days in
continuation but temperature falls at nights giving
much relief to the people. Phoenix of Arizona
(USA) records more than 30°C at noon but
temperature falls to 24°C in the nights. Azizia has
recorded the highest temperature of58°C (136.4°C)
so far. Similarly, exceptionally very high tempera-
ture of 56.4°C (134°F) has been recorded in the
Death Valley of Californian desert (USA). Day-
time mean temperature during winter season
ranges between 15.5°C and 21 °C but some times it
reaches 27°C but at nights temperature falls to
10°C.

It is, thus, apparent that both annual and
diurnal ranges of temperature are high in the
tropical-subtropical ftbt desert climatic areas.
Generally, annual range of temperature ranges
between 17°C and 22°C while daily range varies

from 22°C to 28°C. Some times, daily rang© of

temperature exceeds 40°C. Very high daily and

annual range of temperature isbecause ofopened

clear skies, vegetation-free ground surface, very

low humidity, distance from the equator, domi-

nance of sands etc. It may be pointed out that in the

absence of clouds and moisture maximum insolation

is received at the ground surface. Loose sands are
soon heated and thus ground temperature soon
shoots up. Again there israpid loss of heat from the
sandy surface through outgoing longwave terres-
trial radiation at nights due to clear sky and
completely dry condition (total absence of mois-
ture in the air) resulting into considerable fall in
night temperature. This mechanism causes very
high daily range of temperature. It may be
remembered that blankets are needed in the nights
in hot desert areas due to very high difference in
daytime and night temperatures even during
summer seasons. Tripoli recorded highest and
lowest temperatures of 91°F and 3 1rrespectively
on December 25, thus registering a daily range of
60°F.

Pressure and Winds

Poleward areas of the regions of hot desert
climate are affected by divergent air circulation
and anticyclonic conditions because they fall in
the belt of subtropical high pressure. The winds
become stable and dry because they descend from
above and are heated and thus there prevails dry
condition. The north-east trades (northern hemi-
sphere) become dry when they reach the western
parts of the continents in the latitudinal zones of
15°-35°. Some local low pressure centres are
formed during summer season and thus a few local
but weak cyclonic storms are produced. The upper
air anticyclonic conditions do not allow the winds
of these local storms to rise. Heat waves dominate
in summer season thus making human life very
difficult. The extensive deserts of Sahara and
Australia become ideal source regions for the
development of tropical continental airmasses.

Rainfall

Rainfall in tropical desert climate is so low
and variable that it becomes difficult to determine
average annual rainfall as it never comes true, Th$
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various sources put the annual average of rainfall
between 25 cm and 37.5 cm but these figures are
highly misleading because there are so many such
areas where not even a single drop of rain is
received for several years in continuation. Thus,
the annual average rainfall is considered to be less
than 12 cm. Most of Sahara receives less than
12 cm of mean annual rainfall. Cairo of UAR (3.0
cm), Lima of Peru (5 cm), William Creek of
Australia (13.3. cm), Yuma of Arizona (USA, 8
cm), Toloth in S.W. Africa (5.6 cm) etc. receive
very low mean annual rainfall. Northern parts of
Chile some times do not receive any drop of rains
for 5to 10years in continuation. The equatorward
relatively more humid areas, however, receive 50
to 75 cm as mean annual rainfall. Most of the rains
is of convectional type due to local heating. Some
times, occasional storms give heavy downpour
within few hours causing flash floods. For exam-
ple, 85 cm of rainfall was recorded within two days
in Doorbazi of Rajasthan whereas its mean annual
rainfall is only 12.5 cm. Such occasional cata-
strophic rainfall causes flash floods resulting into
choking of storm drains, destruction of human
settlements, silting and choking of canals and
destruction and disruption of means of transport
and communication. Such heavy rainfall is not
useful at all as all of the rainwater are disposed off
quickly through surface runoffand the remaining water
isevaporated due to high temperature.

Skies are generally free from clouds and thus
sun’s rays reach the ground surface without being
reflected throughout the year and hence the tropical
desert climatic regions receive sufficient bright
sunshine all the year round. The Sonoran Deserts of
the USA and M exico receive more than 75 percent
and 90 per cent sunshine during winter and summer
seasons respectively. Most parts of Sahara Desert
are characterized by 1/10 cloudiness in December
and January and 1/30 cloudiness from June to
October. 1t is, thus, apparent that the ground
surface is more or less always baked in the sun.
Some times, dark cumulo-nimbus clouds are
formed, thunderstorms with cloud thunder and
lightning are experienced but still there is no rain
because raindrops are evaporated before they
reach the ground surface. The average relative
humidity ranges between 10 to 30 per cent.

Natural Vegetation

Hot desert type of climate is not conductive
for vegetation growth because of acute scarcity of
water. This is why most of the regions under this
climate are either devoid of any vegetation such as
Lybian and Arabian deserts or if there is any
vegetation atall, that is very little, sparse and bushy
in character. The vegetation of hot desertclimate is
of xerophytic type which has special characteris-
tics to withstand harsh climate characterized by
extreme aridity, high temperature and very high
rate of evaporation. They have their own moisture
conserving devices such as long roots, thick barks,
waxy leaves, thorns and little leaves so that they
may avoid evapotranspiration and consequent loss
of moisture from them. Most of the vegetation are
found in the form of bushes. Cactus, acacia, date
palm, a few flowering plants etc. form the
composition of natural vegetation of hot desert
climate.

14.5 SUBTROPICAL DRY SUMMER CLIMATE
OR
MEDITERRANEAN CLIMATE (Cs CLIMATE)

Location

The Mediterranean type of climates, climati-
cally known as subtropical dry summer climates, is
called Mediterranean type because most of the
areas falling under this climate are situated around
the Mediterranean Sea. The Mediterranean climate
or biome is also called as sclerophyll ecosystem or
biome because of the development of special
features and characteristics in the dominant trees
and shrubs to adapt to the typical environmental
conditions of this climate-dry summer and wet
winter. Though the Mediterranean type of climate
covers only 1.7 per cent area of the globe but this is
most clearly defined climate and is easily differen-
tiated from other climatic regions. The Mediterra-
nean climate has three distinct characteristics : (i)
wet winter and dry summer season, (ii) warm and
hot summers, and mild winters, and (iii) abundant
sunshine throughout the year (90 per cent in
summer and 50 to 60 per cent in winter). This
climate has developed between 30°-40° (some
times upto 45°) latitudes in both the hemispheresin
the western parts of the continents (fig. 14.5). This
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climatic region includes (A) European, Asiatic and
African lands bordering the Mediterranean Seae.g.
(1) European lands — Rhone-Saone Valleys of
France, southern ltaly, Greece; (2) Asiatic lan”™ -
western Turkey, Syria, Lebanon, western lIsrael; (3)
north-coastal Africa— Morocco, northern Algeria
and Tunisia and the area north of Bengasi in Lybia,
(B) central and southern California in the USA, (C)
central Chile in South America, (D) the Capetown
area of South Africa, and (E) the coastal zones of
southern and south-western Australia. The Medi-
terranean type of climate owes its origin to the

seasonar Shifting of wind and pressure belts due to
northward (summer solstice) and southward mi-
gration (winter solstice) of the sun. Thus, these
areas COme under the domain of westerlies in
winter season. Since the westerlies are moisture
laden because they come from over the oceans and
are associated with temperate cyclones, they gi\e
sufficient rains during winter season. On the other
hand, they come under the influence of subtropical
high pressure belt and associated anticyclones
during summer season and hence there is no

rainfall.

Fig. 14.5 : Spatial Distribution of Mediterranean Climate

Temperature

The average temperature during cool winter
season ranges between 5°C and 10°C whereas mean
summer temperature varies from 20°C and 27°C
and thus the mean annual range of temperature
becomes 15°C to 17°C or even more. In fact, the
Mediterranean climate is considered as resort
climate because of its pleasant and comfortable
winter season. Th ?Mediterranean climate whether

having coastal or inland location generally records
temperature above freezing point during winter
season as the average temperature of the coldest
month ranges between 4.4°C and 10°C. The mean
January temperature is recorded as 7.7°C at
Sacramento in California (USA), 6.1°C at Mar-
seille (France), 12.8°C at Perth (Australia) and
6.6°C at Rome. Some times, the temperature
becomes so low at nights that frost occurs which is
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very much injurious to field crops. The valleys and
depressions have freezing to subfreezing tempera-
tures in winter and hence valleys are avoided for
sensitive crops like citrus fruits which are grown on
hill slopes. Los Angeles (California, USA), Naples
(Italy) and Sacramento (California, USA) have
recorded lowest temperatures of -2.2°C
-1.1°Cand -8.3°C respectively. It may be pointed
out that occasional fall of temperature below
freezing point is limited to a few minutes to a few
hours only. Summer temperature rises above 26°C
e.g. Red Bluff of Sacramento valley records 27.5°C
whereas average temperatures during summer
season are 26.6°C in European Mediterranean
lands and 24°C in north-west Africa. It may be
mentioned that high summer temperatures are
never uncomfortable due to low relative humidity.
Daily maximum temperature in summer goes
beyond 26°C. For example, the Great Valley of
California records daily maximum summer tem-
peratures ranging between 30°C and 32°C. Red
Bluff and Sacramento have recorded highest daily
maximum temperatures of 45.5°C and 46°C re-
spectively so far. The night temperature during
summer season falls to 15.5°C, thus diurnal range
of temperature becomes as high as 30°C. Daily and
annual ranges increase from coastal areas to inland
areas.

On the basis of temperature variations the
Mediterranean climate is divided into 2 subtypes
e.g. Csaand Csh. Csa climate, characterized by hot
summer, has inland location whereas Csb climate
of mild summer is located along the coastal
margins of the continents. It may be pointed out
that temperatures of the Mediterranean climatic
regions except those around Mediterranean Sea are
largely affected by cool oceanic currents e.g.
Californian region by cool California current,
Chilean region by cool Peru current, Cape Town
region by Benguela current etc.

Air Pressure and Winds

Ini fact, the Mediterranean climate is the
outcome of the seasonal shifting of pressure and
wind belts. All the pressure bells except polar high
pressure belt move northward from their normal
positions during northern summer (summer sol-
stice when the sun becomes vertical over the tropic

ftm s

of Cancer on June 21) and thus subtropical high
pressure system extends over the regions of
Mediterranean climate (30°N to 40°N) and anticy-
clonic conditions dominate the weather conditions
causing subsidence of air from above, horizontal
divergence of surface winds, stability of air
resulting into dry conditions. Sirocco local hot
winds blow from Sahara northward picking red
sands which are brought to Italy, Spain, southern
France and Greece. Summer winds are generally
hot and dry. These areas come under the domain of
westerlies during winter season when the sun
moves southward (northern winter). The westerlies
are associated with temperate cyclones originating
in the middle latitudes. Since the westerlies are
associated with temperate cyclones and come from
over sea surfaces and hence being moist give
sufficient rainfall in the coastal areas. Some local
winds like Bora, Mistral (cold winds) etc. affect the
local weather conditions of the European Mediter-
ranean lands during winters.

Precipitation

The mean annual rainfall ranges between 37
cm and 65cm, the most portion of which (more than
75 per cent) is received during winter season
mainly between December and March in the
northern Hemisphere and between May to Septem-
ber in the southern hemisphere. The winter rainfall
is received through cyclonic storms associated
with moist westerlies. The summer season is
almost dry. Because of moderate to scanty rainfall
the Mediterranean climate is called as subhumid
climate. The orographic rainfall is common in
those coastal areas (e.g. California) which are
backed by mountain ranges parallel to the coasts.
Though winter season is quite wet but the sky is
seldom overcoast for longer duration in continua-
tion and thus abundant sunshine is available even
during wet winter season. For example, Red Bluff
(California, USA) hasonly 11,12, 10and IOrainy
days in December, January, February and March
respectively. January is the rainiest month in San
Bernardino and Los Angeles but there are only 7
rainy days. January being the coldest month of Red
Bluff receives 11.5 cm of rainfall while July being
the coldest month of Perth (Australia) receives 16
cm of rainfall. All these indicate the intensity of
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rainfall during winter months in the Mediterranean
climatic regions. Summer season is characterized
by scanty rainfall, almost dry weather, dear skies,
and bright sunshine. Besides temporal variation,
mthere is also spatial variation of rainfall. Generally,
the amount of rainfall increases poleward and thus
increases from south (24 cm at San Deigo, 29 cm at
Los Angeles) to north (58 cm at Sansfransisco) in
California.

The seasonal regime of rainfall causes
fluctuations in the soil-water and soil-moisture
regimes during winter and summer seasons. The
amount of soil-water increases during winter
season because of winter and spring rainfall which
is responsible for maximum growth in vegetation
but dry summer season causes deficiency in the
soil-water content because of loss of water and
moisture due to increased evaporation and
evapotranspiration because of substantial increase
in temperature and of course due to general lack of
rainfall during summer season.

Natural Vegetation

Though the Mediterranean regions are widely
scattered over different continents, there is more or
less broad generalization in the overall structure
and composition of vegetation community of all
the regions of Mediterranean biome. The structure
of Mediterranean vegetations is such that they can
withstand the aridity of summer season. Conse-
quently, the leaves have developed sclerophyllous
characteristics in that they are stiffand hard and the

stems have thick barks. The Mediterranean vegeta-
tion community consists of a variety of sclerophyll
plant formation classes which range from Mediter-
ranean mixed evergreen forests (in the coastal lands
immediately bordering the aseas and the oceans) to
woodland, dwarf forests and scrubs. The vegeta-
tion community is dominated by trees and shrubs.
The shrubs are differently named in various parts of
the Mediterranean biome on the basis of local
names e.g. maquis or garigue in southern Europe,
chaparral in California, fymbos or fymbosch in
South Africa , and mallee scrub in Australia.

The xeromorphic structure such as thick-
vened suiticles, grandular hairs, sunken stomata
etc, enables the plants to withstand dry conditions.
The sclerophyllous structure of plant leaves ena-

bles them to regulate the gaseous exchange
according to the availability or scarcity of water
during different seasons of the year. The plants
have also developed special types of root systems
in accordance with the regional environmental
conditions mainly the availability of moisture.
The European Mediterranean regions are charac-
terized by multi-layered structural pattern of
vegetation community consisting of (i) topmost
layer of evergreen and deciduous oak trees, (ii)
middle layer of shrubs locally known as maquis or
garigue, and (iii) the ground layer of numerous
herbaceous plants. The Californian Mediterranean
lands are characterized by the (i) topmost layer of
oak trees, (ii) the middle layer of chaparrals,
equivalent to European maquis, and (iii) the ground
layer of herbaceous plants and grasses. The South
African Mediterranean Biome is characterized by
attractive flowering plants of numerous varieties
e.g. Erica, Ereesia,Lobellia, Kniphofia species etc.
The shrubs are locally called as fymbos. The
Australian Mediterranean climate is characterized
by numerous species of eucalyptus.

Fire, both natural and man-included, is
normally an annual occurrence in the Mediterra-
nean climatic regions. Burning, mass clearance of
natural vegetation for agricultural and commercial
purposes, overgrazing of grasslands etc. have led to
accelerated rate of soil erosion, increase in the silt
load of major rivers and transformation of original
natural vegetation.

14.5.1 MEDITERRANEAN BIOME

The location, distribution of areas of
Mediterranean climate and climatic characteristic

features have been discussed in the preceding
section 14.5.

Vegetation Community

Though the Mediterranean regions are widely
scattered over different continents, there is more or
less broad generalization in the overall structure
and composition of the vegetation community of
all the regions of the Mediterranean biome. The
structure of the Mediterranean vegetations is such
that they can withstand the aridity of the summer
season. Consequently, the leaves have developed
sclerophyllous characteristics wherein they are
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stiff and hard and the stems have thick barks. The
Mediterranean vegetation community consists of a
variety of sclerophyll plant formation classes
which range from Mediterranean mixed evergreen
forests (in the coastal lands immediately bordering
the seas and the oceans) to woodland, dwarf forests
and shrubs. The vegetation community is domi-
nated by trees and shrubs. The shrubs are differ-
ently named in the various parts of the Mediterra-
nean biome on the basis of local names e.g. maquis
or garrigue in southern Europe, chaparral in
California, fymbos or fymbosch in south Africa
and mallee scrub in Australia.

The plants of the Mediterranean biome have
developed several morphological characteristics
to withstand dry conditions. Such structure is
called xeromorphic structure such as thickened
suticles, grandular hairs, sunken stomata etc. The
sclerophyllous structure of the plant leaves enables
them to regulate the gaseous exchange according to
the availability or scarcity of water during different
seasons of the year. A few species of trees such as
mastic trees, have the mechanism of adjusting
themselves to the changing weather conditions
during the year. For example, the mastic trees are
able to close their stomata during dry summer
season or even during winter drought so that they
can reduce transpiration from their leaves to
minimum and hence can conserve moisture. Some
trees have developed smaller leaves (such as
chamise) so that they allow minimum loss ot
moisture through transpiration. Some trees have
thorny leaves (such as succulent cactus family).

The plants of the Mediterranean biome have
also developed special types of root systems in
accordance with the regional environmental con-
ditions mainly the availability of moisture. For
example, some plants have extensive root systems
with strong tap root which extends even into the
consolidated parent rocks (such as the roots ol
almond); some plants have such root systems
which develop above the ground as well as quite
deep inside the ground (such as the root of
chamise); some plants have bulbous or tuber roots
(such as the geophyte plants, e.g. different types of
flowers like dahlia) etc.

There are some regional variations in the
species composition and vertical structure of the

vegetation community in the various parts of the
Mediterranean biomes as given below:

(i) European Mediterranean Biome s
characterized by multi-layered structural pattern of
vegetation community wherein three distinct lay-
ers (strata) have developed. The topmost first layer
or the canopy layer is dominated by oak tree which
is of two types e.g. (a) evergreen oak and (ii)
deciduous oak. There arc several species of oak in
the European Mediterranean biome. The sequence
of trees changes with the increasing altitude e.g. the
evergreen oaks are found at the lower height and
with the increasing height the sequence of trees is
formed by deciduous oaks, beech, fir and pine. The
second or the middle layer is formed of shrubs
which include the species like Arbutus, Pistacia,
Rhammus, Ceratonia etc. These shrubs attain the
height of 2m or even more which are clearly
differentiated from the topmost layer of the
dominant oak trees of 3 to 4 m in height. These
shrubs provide valuable forages to the animals and
valuable products to human beings like gums,
resins, tannins, dyes etc. The continuous grazing,
natural and anthropogenic frequent fires and
felling of trees have largely transformed the shrub
community called as maquis into garrigue. The
garrigue shrubs have also been modified by
continued human activities and transformed into
batha (dwarf shrubs). The third or the ground layer
consists of numerous herbaceous plants.

(if) North-American or Californian Medi-
terranean Biome is dominated by different species
of oak trees and chaparral shrubs. The first or the
topmost layer is formed by the canopy of oak trees
reaching the height between 6m and 23m. The oak
has short but thick stem and flattened crown. The
second or middle layer is dominated by various
shrubs locally called as chaparrals. The ground
layer is dominated by herbaceous plants and
grasses. Chaparrals generally become gregarious
in the areas of less fertile and light soils. The
chaparrals of California are the counterpart of the
European maquis. The dwarf shrubs (like batha of
the European Mediterranean biome) locally called
as sage scrub have developed in many parts of the
Californian Mediterranean biome. The Mediterra-
nean biome of Chile of South America has also
developed vegetation quite similar to that of the
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Californian Mediterranean biome. The Californian
chaparrals are called mattoral in Chile.

CLIMATOLOGY
The average net primary prodactivity (NPP)

of the Mediterranean biome isabout700dry grams

(iii) South African Mediterranean BionRerisquare meter per year whereas the total net

characterized by the dominance of small but
attractive flowering plants of numerous varieties.
These plants have been extensively migrated by
deliberate actions of man to various gardens of
numerous countries of the world. These garden
flower plants include Erica, Ereesia, Lobcllia,
Kniphofia species etc. The shrubs belong to
sclerophyllous categories as these are character-
ized by hard, stiff and thick leaves. These
sclerophyllous shrubs are locally called as fymbos.
It may be pointed out that this region was
originally covered by temperate forests before the
arrival of Europeans in this area. The Europeans
largely removed the original forests for the purpose
of agriculture and thus there developed the
secondary succession of vegetation which now has
taken the form of present-day fymbos. The large-
scale transformation of original habitats through
forest clearance and mass hunting of animals by the
Europeans resulted into the obliteration of several
species of animals from the South African Mediter-
ranean biome. For example, quagga, a species of
zrbra, has now become totally extinct. Only a few
species of antelope like duiker and steembuck are
found only in the dense cover of fymbos. Hyraxes,
baboons, and leopard ane found in small number

only in the mountainous areas.

primary production of all parts of the Meditensb
nean biome is6 x 1G9tons per year. The NPP of
700 dry grams per square meter per year generates
a biomass of 6000 grams per square meter.

Animal Community

Like vegetation, there is also regional
variation in the animal communities of the various
parts of the Mediterranean biomes of the world.
The Mediterranean biomes of California and
Chile are characterized by more or less similar
animal species. There are numerous animals ia
these two regions because of abundant supply of
food from the good cover of various types of
shrubs.

There are about 201 species of vertebrate
animals in south California, of which about 75 per
cent are bird species. The large mammals of
Californian and Chilean regions include mule deer
(in California) and Chilean guanaco but the latier
Is no more abrowsing animal rather it has changed
its feeding habit and it has been transformed to
grazing animals. The mammals are now dominated
by ground squirrels, wood rats and mule deers.
Many of the predator species like wolf and
mountain lion, diversivores like grizzly bear have
now become rare species because of increasing
pressure of man of the Mediterranean vegetation.

(iv) Australian Mediterranean BiOMe Tl other important animals include several

dominated by the species of eucalyptus. Thus, the
topmost layer or the canopy layer is formed by
abcut 100 species of evergreen eucalyptus trees
with the height of 70m or ever more. The tallest
species of eucalyptus is karri. It may be pointed out
that the forms of vegetations change inland from
the coastal areas and thus several zones ol
vegetations are found from north to south. The
southernmost coastal land having maximum amount
ofannual rainfall ischaracterized by the dominance
of eucalyptus forest which is replaced by jarrah
forest in the north. Further northward the lorest
cover becomes thin and is finally replaced by
grasslands. .Welle scrubs have developed to the
north and east of grasslands. There are numerous
animals in the malle scrubs.

species of rodents such as rabbits, the rabbits
predators such as cyote, similar to Chilean fox,
other predators such as lizards, snakes, and
several types of raptorial birds like kites, falcons,
hawks etc.

Most of the original native animals of the
South African Mediterranean biome have now
become either extinct or rare due to the destruction
of their natural habitats through extensive forest
clearance by the European settlers. For example,
quagga, a type of zebra, which was an important
species, now has become totally extinct whereas
bontebok, atype of antelope, has now beeomearare
species and has been pushed to remote areas. Some
animal species, which were very important before
the arrival of Europeans in this area, have no”
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occupied remote areas to escape from the hunters.
These animals include some species of antelopes
(which now live in the dense shrubs of high ground)
like duiker and steenbuck; rodent like browsing
small animals like hyraxes (which have now been
pushed to mountainous areas); baboons and leop-
ards (which also live though in very small number,
in the remote hilly and mountainous areas).

The Australian Mediterranean biome is
characterized by numerous types of birds and
animals. The marsupials include kangaroos mainly
western grey kangaroo. There are numerous varie-
ties of wallaby and mice. The typical birds of the
shrub habitats and grassland are honeyeasters,
whistlers, wrens, robins, quail-thrushes etc.

Man and Mediterranean Biomes

Man has directly (through his deliberate
action) and indirectly adversely affected the flora
and fauna of the Mediterranean biomes. Fire, both
natural and man-induced, is a normally annual
occurrence in the Mediterranean biome. The
natural forest fires occur through lightning whereas
man burns the grasses to get luxuriant growth next
season. There is a common practice to burn the
vegetation each year or after two or three years
after heavy grazing and browsing by sheep and
goats. Similarly, vegetations are burnt in every
part of the Mediterranean biomes. The recurrent
burning of vegetation has certain positive ecologi-
cal results e.g. (i) Most of the plant species ol the
Mediterranean biomes have become fire-resistant
and are now well adapted to fires. In other words,
the plants, after burning, bear luxuriant growth of
new branches, shoots and leaves. For example,
numerous stems come out from the burnt stumps
of eucalyptus trees; (ii) Some seeds germinate
more quickly and properly after fires; (iii) Burning
of vegetation transforms the organic matter into
ashes and thus facilitates the mineralisation of
organic matter and ultimately makes the mineral-
ised organic mater available to plant roots, (iv) Fire
destroys poisonous compounds secreted by plant
roots. Ifundestroyed, these poisonous compounds
are very injurious to plant communities because
these do not favour decomposition of leaf litters
and prevent nitrogen fixation in the soils.

The burning of vegetation has certain
negative results as well. For example, soil structure
is changed by frequent fires and thus is subjected to
accelerated rate of soil erosion during rainstorms.
Besides burning of vegetation, mass clearance of
natural vegetation for agricultural and commercial
purposes, overgrazing of grasslands and large-
scale hunting of animals have led to elimination of
certain animal species, accelerated rate of soil
erosion, increase in the silt load of major rivers and
alteration of original natural vegetation, habitats
and micro-climates.

14.6 CHINA TYPE OF CLIMATE (Ca)
(Subtropical Humid Climate)

Location

China type of climate, climatologically
known as subtropical humid climate, is character-
ized by hot summer, mild to cold winters, spatial
variations in temperature, humidity and precipita-
tion and is located between 20°-40° latitudes in
both the hemispheres along the eastern parts of the
continents (fig. 14.6). This climatic region is
flanked by inland dry regions in the west (except in
Po and Danube basins), by monsoon climatic areas
in the south, by humid continental climate in the
north, and by oceans in the east. The subtropical
humid climate (Ca) is found in the following
regions-south-east and south China (south of
Yellow river); Po Basin; Danube Basin; south-
eastern USA: south-eastern Brazil, Paraguay,
Uruguay and north-eastern Argentina; south-east-
ern Africa;’ and east coast of Australia.

It is apparent that Mediterranean type and
China type of climates are found in the same
latitudinal locations but are differentiated on the
following counts: (i) Mediterranean climate is
found in the western parts of the continents while
China type of climate is located along the eastern
coastal areas of the continents, (ii) Mediterranean
climate is characterized by wet winter and dry
summer whereas in China type of climate summer
season receives maximum rainfall though rainfall
is received throughout the year, (iii) Mean annual
rainfall is higher in China type of climate than
Mediterranean climate. China type of climate is
also called as sub monsoon climate because of its
near similarity with monsoon climate.



Fig. 14.6 : Distribution of China type of climate.

Temperature

The coastal parts of Chinatype of climate are
frequented by warm oceanic currents (e.g. warm
Gulf Stream off the east coast of the USA, warm
Brazil current along the east coast of South
America, warm east Australia current off the east
coast of Australia, Kuro Shio current off the coast
of China, and Mozambique current along the south-
east coast of Africa) and thus these warm currents
affect the temperatures of coastal areas. The mean
summer temperature ranges between 24°C and
26.6°C. The month of July records mean tempera-
ture of 28°C at Charlston (South Carolina, USA)
and Montgomery (Alabama, USA), 27.2°C at
Shanghai whereas January, the warmest month in
the southern hemisphere, records mean tempera-
ture of 25°C at Brisbane (Australia) and Durban
(Africa), and 23.3°C at Buenos Aires (South
America). Daily maximum temperature crosses
37.7°C (100°F). For example, maximum daily
temperature at Montgomery is recorded as41°C in

July and 41.6°C in August. Similarly, Savannah of
Georgia (USA) has recorded 41°C as maximum
daytime temperature in July. It may be pointed out
that high summer temperature is also associated
with high relative humidity and hence the weather

becomes uncomfortable. The loss of heat during
nights through outgoing longwave radiation is
retarded because of cloudiness and hence tempera-
ture does not fall appreciably at nights resulting
into low diurnal range of temperature. For exam-
ple, the mean maximum and mean minimum
temperatures of Montgomery (Alabama, USA) are
32.8°C and 22.2°C respectively and thus diurnal
range of temperature becomes 11.6°C.

Generally, winters are mild as mean tem-
perature ranges between 6.6°C and 10°C. Mean
winter temperature is recorded as 9.4°C at
Montgomery (Alabama, USA), 3.3°C at Shanghai,
10°C at Buenos Aires, 11.7°C at New Orleans
(USA), 6.1°C at Nagasaki, and 11°C at Sydney.
Mean annual range of temperature in China type of
climate is not large but is marked by wide range of
spatial variations. For example, mean annual range
of temperature is 12.8°C at Buenos Aires and
Sydney, 10.5°C at Montgomery and 24°C at
Shanghai. In fact, annual range of temperature is
controlled by the extent of land areas and the
strength of winter monsoon winds. The more
extensive the land areas and stronger the winter
monsoon, the larger is the annual range
temperature. The arrival of cold polar winds during
winter season causes temperature to fall bele*'
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freezing point. For example, in the absence of any
mountain barrier from west to east in North
America, the extremely cold continental polar
airmass invades the whole of the plains of the USA
and reaches the Gulf coastal plains of the country
and thus the temperature falls below freezing point
(about -12°C) in the Gulf coastal state of the
southern USA during winter season.

Air Pressure and Winds

The continental and oceanic areas are
characterized by low and high pressure systems
during summer season, with the result monsoons
are developed. Thus, tropical maritime airmass
(mT) develops over land areas falling in Ca
climate mainly over China and southeastern USA.
This air mass is south-easterly in the northern
hemisphere while it is north-easterly in the
southern hemisphere (during summer season).
High pressure systems develop over south-
western and northern central Pacific Ocean and
near Azores in the Atlantic Ocean. These tropical
maritime airmasses are also associated with
tropical cyclones which yield sufficient rainfall.
These tropical cyclones are called typhoons in
China, hurricanes in the USA and southern busters
in Australia. The pressure system is reversed
during winter season as high pressure develops
over continental areas while oceanic areas are
characterized by low pressure systems. Thus, the
winds become offshore. This is the reason that the
coastal areas of the eastern and south-eastern USA
are not much benefited from the warm Gulf Stream

because the winds are offshore.

Precipitation

Though average annual precipitation in sub-
tropical humid climate (Ca) ranges between 75 cm
and 150cm and some times it becomes as high as
250 cm in some favoured locations but there iswide
range of variation in the seasonal and spatial
distribution of annual rainfall. Generally, rainlall
decreases from coastal areas to the inland loca-
tions. On the basis of seasonal distribution of
rainfall this climate is divided into two subtypes
e-S (i) Caf climate having rainfall throughout the
year, and (ii) Cw climate having dry season during
winter. On an average, the summer rainfall in China

type of climate is definitely abundant and exceeds
evapotranspiration. The summer rainfall is re-
ceived through cumulus clouds resulting from
convective currents caused by intense local heating
ot the ground surface. Besides, tropical cyclones
(e.g. typhoons in China and hurricanes and
tornadoes in the USA) also yield heavy downpour
with cloud thunder and lightning. The Gulf coastal
states of the USA are generally frequented by large
number of thunderstorms. For example, Florida
experiences at least 60 thunderstorms each year.
These thunderstorms are associated with unstable
tropical maritime air mass. The summer rainfall in
China and Japan is divided into three types of
regime viz. (i) maximum rainfall period of early
summer season, (if) maximum rainfall period of
late summer season, and (iii) minimum rainfall
period of middle summer season. Some times, the
rainfall occurring from hurricanes in the south-east
USA and from typhoons in China is so heavy that
catastrophic floods are caused.

Hurricanes very often strike the southern
and south-eastern coasts of the USA. The Gulf
coasts of Louisiana, Texas, Alabama and Florida
are worst affected areas. The Galveston, and Texas
(USA) disaster of September, 8,1900 tells the story
of devastation caused by hurricanes in Gulf coastal
states of the USA. The terrible hurricane generated
a strong storm surge (tidal wave) which raced
inland and killed 6000 people mostly through
drowning caused by inundation under 3 to 4.5m
deep water.

Winter rainfall is generally received through
winter cyclones which are associated with the
westerlies. Though the duration of individual
rainstorm during winter season is much longer but
total rainfall is comparatively less. It may be
pointed out that inspite of less rainfall during
winter season there is more cloudiness and larger
number of rainy days than during rainier summer
season. For example, 5cm ol January rainfall of
Shanghai is received within 12 days whereas 15cm
of August rainfall isreceived inonly 11 days. Some
times, there is occasional frost and snowfall during

winter season.
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Natural Vagatatton

The China type of climate characterized by
abundant rainfall, high temperature and long
growing season of 7 to 12 months favour luxuriant
growth of natural vegetation. Dense forests of
evergreen nature are found in more humid areas but
areas of moderate rainfall are characterized by
deciduous sparse forests and grasslands. Normally,
mixed forests of coniferous trees and broad leaf
trees are found. The broad-leaved forests are both
evergreen and deciduous depending on the spatial

variation of distribution of annual rainfall.

14.7 MIDDLE LATITUDE STEPPE
CLIMATE (BSK)

Location

The middle latitude steppe climate (BSKk)
spread over temperate grasslands is located in the
interiors of the continents which come in the
westerly wind belt but because of their more
interior locations they do not get sufficient rainfall
and hence the grasslands are practically treeless.
The temperate grassland steppes of the southern
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hemisphere are located along the south-eastern

margins of the continents (fig. 14.7) and therefore

have more moderate climate than their counterparts

of the northern hemisphere because of more marine

influences as they are closer to marine environ-

ments. The temperate grasslands of Eurasia, known

as steppes, are most extensive as they extend for a
distance of more than 3200 km from the shores of
the Black Sea across the Great Russian Plain to the
foothills of the Altai Mountains. Their continuity
is broken at few places by the highlands. There are
also some isolated patches of steppes e.g. in
Hungry (known as Pustaz) and in the plains of
Manchuria (Manchurain Grassland). The temper-
ate grasslands in North America (extending in
Canada and USA both) are locally known as
prairies which extend from the foothills of the
Rockies in the west to the temperate deciduous™
forest biome in the east. The temperate grasslands
of the southern hemisphere include the pampas of
Argentina and Uruguay of South America, bush
veld and high veld of South Africa, and downs of
the Murray-Darling Basins of southeastern Aus-
tralia and Canterbury grasslands of New Zealand
(fig. 14.7).

Manchuria ¢
Pustaz Grassland
Pretoria
Downs

Temperate Grassland

Warm Ocean Currents

Canterbury
Grassland

Fig. 14.7 : Spatial distribution of temperate steppe or grassland climate.
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To>mp«rature

The temperate steppes are characterized by
continental climate wherein extremes of summer
and winter temperatures are well marked but the
temperate grasslands of the southern hemisphere
are marked by more moderate climate. Summers
are warm with over 20°C temperature in July
(Winnipeg, Canada) and over 22°C in January
(Pretoria. South Africa, January is summer month
in the southern hemisphere). Winter season be-
comes very cold in the northern hemisphere
because of enormous distances of temperate
grasslands from the nearest sea. Winnipeg records
-20°C inJanuary. The average temperatures during
winter season for Tashkent (Uzbeck Republic) and
Semipalatinsk (Kazakh Republic) are 0°C and
-12°C respectively. The steppe climate of the
southern hemisphere is never severe rather it is
moderate because of nearness to the sea. The
average winter temperature ranges between 1°C
and 12°C in the southern hemisphere.

The steppe climate is characterized by high
annual range of temperature. For example, Winni-
peg (Canada) records mean annual range of 40°C.
Laramine (Wyoming state of USA) records annual
range of 23.4°C (-6.7°C in January and 16.7°C in
July). Due to marine influences the mean annual
range of temperature in the southern hemisphere is
much lower than the northern hemisphere as it is
around 10°C to 12°C Only. Diurnal range of
temperature is also very high in the temperate
steppe climate.

Precipitation

The mean annual precipitation ranges be-
tween 25 cm to 75 cm in different locations of the
temperate grassland steppe areas. The winter
precipitation in the northern hemisphere is usually
received in the form of snowfall and most parts of
Eurasian steppes are snow-covered tor several
months during northern winters. Most of the annual
rainfall is received during summer season.

Regional Characteristics

The Eurasian steppe climate covers the
largest area in the former Soviet Union (now the
Commonwealth of Independent States-CIS and
other Republics of former USSR) wherein it

extends from eastern Europe to western Siberia arid
between temperate coniferous forests in the north
and arid regions in the south-west. The Eurasian
steppes are divided into (i) forest steppe, and (ii)
grass steppe wherein the former receives mean
annual precipitation of 50 cm to 60 cm whereas the
latter receives 40 cm to 50 cm as mean annual
precipitation. The following sequences of vegeta-
tion communities are found from north to south: (i)
forest steppe ( consisting of oak, elms, limes
mapple, a few arboreal vegetation of Siberian
Steppe such as birch with mixture of aspen and
willow), (2) meadow steppe (consisting of the
species of turf grasses such as Stipa and Fescue and
numerous herbaceous flowering plants such as
Trifolium and several types of daisy, (3) grass
steppe (consisting of grasses mainly tussock-
forming species of Stipa, afew flowering xerophytic
shruby species of Artemisia, (4) semi-arid xeromorphic
steppe dominated by xerophytic grasses such as
Fescue and feather grass species, (mean annual
precipitation ranging between 30 cm to 35cm).

The North American Prairie has developed
in the USA and Canada between the foothills of the
Rockies in the west and temperate deciduous forest
biome in the east. On the basis of decreasing trend
of mean annual precipitation from east (105cm) to
west (40cm) the North American Prairies are
divided into 3 subregions e.g. (1) tall grass prairie
(most dominant species of tallest grass are Bluestem
and Switch Grass which attain the height of 1.5cm
to 2m, few patches of oak and hickory trees are also
found), (2) mixed prairie (most extensive cover in
the Great Plains of the USA, mixture of medium
grasses, 0.6 to 1.5m in height, and short grasses
such as little bluestem, needle grass-Stipa sparatea,
June grass and short and bunch grasses such as
buffalo grass and blue gramma, and (3) short grass
prairie (developed over western part of the Great
Plains and dominated by short grasses of 60cm
height).

The South American Pampas are developed
over 12 per cent area of Argentina and are more
humid than Eurasian steppes. The mean annual
precipitation decreases from east (coastal land, 90
cm) to west f45cm). Thus, the Pampas are divided
into two sub-types e.g. (i) Humid Pampa and (ii)
Subhumid Pampa. The humid Pampa, developed in



the eastern part of Argentina, is characterized by
tall grasses whereas increasing aridity westward
results in the growth of short grasses in the western
sub-humid Pampa.

The African veld has developed on the high
plateau land of varying heights (1500 m to 2000 m)
in the south-eastern part of South Africa. The
African Velds include the temperate grasslands of
southern Transwall and Orange Free State of South
Africa and some parts of Lisotho. Plant growth is
not possible because of uncertainty of rainfall,
increasing aridity, severity of frosts during night
and high daily range of temperature during winter
season and thus true climax grasslands of African
Velds have developed.

The Australian downs have developed in the
south-eastern parts of Australia and in the northern
part of Tasmania. The region is characterized by (i)
relatively warmer winter season than the temperate
grasslands of the northern hemisphere, and (ii)
mixture of grasses with eucalyptus trees. The
grasslands gradually change from south (Austral-
ian coast) to north (interior land) in accordance
with the decreasing trend of mean annual precipita-
tion from south (152cm) to north (63.5). The region
is further divided into distinct 3 subregions e.g. (1)
temperate tall grasslands, (2) temperate short
grasslands, and (3) xerophytic grasslands.

14.7.1 TEMPERATE (STEPPE) GRASSLAND BIOME

The location, spatial distribution of regions
of steppe climate and its characteristic features
have been already discussed in the preceding
section 14.7.

Vegetation Community

Grasses are most dominant members of the
different regions of the temperate grasslands of
both the hemispheres. The perennial grasses,
mostly belonging to the family of gramineae of
this biome are considered to be the climax
community. Besides, some herbaceous plants are
also found in this biome but trees and shrubs are
conspicuous by .their general absence. There are
two concepts of the evolution of temperate
grasslands biome viz. (i) The temperate grasslands
are the result of climatic conditions and pedogenic
properties of these areas. The extreme continental

climate and limited supply of water to the plants
because of low rainfall are the main factors forthe
dominance of grasses and general absence of trees
and bushes, and (ii) The climatic origin of the
temperate grasslands is not always acceptable
because many scientists believe that these grasslands
are the result of human activities mainly burning
of vegetation.

This biome exhibits close relationships
among vegetation types, soil types and climatic
conditions and between plant and animal commu-
nities. The temperate grassland biome is unique in
the sense that it has single-layered structure of
vegetation community where the upper canopy of
the grasses is formed by their leaves but for a short
period the flowering stalks alsojoin the canopy and
add grandeur to the top layer. The flowers do not
have petals. The pollination of flowers and the
dispersal of seeds are facilitated by wind. It may be
pointed out that most of the areas of the temperate
grasslands have been now cleared and are used for
cereal crops. Thus, the temperate grasslands have
become now the grainaries of the world and the
heartland of the world dairy industry. Since there
are some spatial variations in the general character-
istics of the vegetations of the different parts of the
temperate grasslands of the northern and the
southern hemispheres, a brief separate description
of vegetation characteristics of each region is
necessary to understand the overall nature of the
vegetation community of this biome.

(1) Eurasian Steppes :The steppe biome has
the largest areal extent in the former Soviet Union
wherein itextends from eastern Europe to western
Siberia and between temperate coniferous forestin
the north and arid regions in the south-west. The
Russian Steppes are divided into two sub-types on
the basis of vegetations e.g. (i) forest steppe, and
(i1) grass steppe. These two combined together
represent 12 per cent of the total geographical area
of the former Soviet Union. The forest steppe
consists of alternate bands of woodland and open
steppe. The European forest steppe is represented
by oak, limes, elms and maple while the Siberian
part of forest steppe consists of birch, aspen and
willow. The intervening bands of open steppes in
the forest steppes are called meadow steppes which
are characterized by the common genera of grasses
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of fescues (Festuca) and feather grasses (Stipa).
Theforest steppes receive mean annual precipita-
tion between 500 mm-600 mm whereas the grass-

steppes receive mean annual precipitation of
400 mm-500 mm.

The combinations of climate, vegetation and
soil change from north to south in the Russian
Steppes. In the extreme northern part of the
Russian Steppes are found forest-steppes. The soils
of the woodland steppe or the forest steppe are
degraded chernozem because the chernozem has
been extensively leached out and transformed into
grey forest soils. The grass-steppes, further south
of the forest-steppe, is characterized by true
chernozem soil. Further southward, the increasing
aridity has been responsible for the transformation
of true grass steppe into semi-arid steppe which is
associated with chestnut soil. Further southward,
the climate becomes arid and steppe grasslands
cease to exist. The following sequences of vegeta-
tion are found from north to south in the Russian
Steppe:

(i) Forest Steppe consists of trees mainly
oak, elms, limes, mapple, a few arboreal vegeta-
tion of Siberian steppe such as birch with mixture
of aspen and willow. The soils have degraded
chernozem. There are alternate bands of open
steppes between the woodland bands.

(i) Meadow steppes are open steppes
between the woodland zones of the forest steppes
as described above. The meadow steppes have
developed in the areas of well developed deep
chernozem soils. These are characterized by the
species of turf grasses (such as the species of Stipa
and Fescue) and numerous flowering herbaceous
plants (such asTrifolium and several types of daisy).

(iii)) Grass steppes are found over well
developed deep chernozem soils and are dominated
by grasses, wherein the tussock forming species ol
Stipa are the most important members ol the
vegetation community. Besides, a few flowering
xerophytic shrubby species of Artemisia are also
foynd in the southern marginal belt of the main
grass steppes.

(iv) Semi-arid xerophytic steppe is found in
theextreme southern and south-western parts of the
Russian Steppes where the Xxerophytic grasses

(such as fescue and feather grass species) are also
associated with chestnut soil and semi-arid cli-
matic conditions (mean annual precipitation rang*
mg between 300 mm and 350 mm). A few species
of xerophytic herbs (such as Artemisia) and some

ephemeral herbs are also found in this semi-arid
tract.

(2) North American Prairie has developed
in the U.S.A. and Canada between the foothills of
the Rockies in the west and the temperate
deciduous forest biome in the east. On the basis of
decreasing trend of mean annual precipitation from
east (1050 mm) to west (400 mm) and gradient of
falling Net Primary Productivity (NPP) the North
American Prairies are divided into 3 sub-regions
viz. (i) lall grass prairie, (ii) mixed grass prairie and
(iii) short grass prairie. It may be pointed out that
there is a complete sequence of taller to shorter
grasses from east to west.

(i) Tall grass prairie is found in the eastern
part of the north American Temperate Grasslands
(Prairies) wherein the most dominant species of
the tallest grass are bluestem and switch grasses
which attain the height of 1.5 to 2.5m. There are a
few patches of oak and hickory trees within the vast
areas of tall grasses.

(i) Mixed prairie has most extensive cover
in the Great Plains of the U.S.A. This belt extends
between the U.S.—Canada border in the north and
Texas in the south. This prairie is characterized by
the mixture of medium (0.6-1.2m in height) and
short grasses such as little bluestem, needle grass
(Stipa spartea), june grass (Kceleria cristata) and
the short and bunch grasses such as buffalo grass
(Buchloedactyloider) and blue gramma (Bouteloua
gracilis).

(iit) Short grass prairie is developed in the
western part of the Great Plains and is dominated
by the species of short grasses which seldom
exceed the height of 60cm,

(3) South American Pampas have their most
extensive cover in Argentina where these account
for about 15 percent of the total geographical area.
The South American Pampas are comparatively
more humid than the Eurasian Steppes and North
American Prairies. The mean annual precipitation
decreases from the east (coastal land, 900 mm) to
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the west (450mm). Thus, the Pampas are divided
into two sub-types e.g. (i) humid pampas, and (ii)
subhumid pampas. The humid Pampa, developed
in the eastern part of Argentina, is characterized by
tall grasses whereas the increasing aridity west-
ward results in the growth ot short grasses in the
western sub-humid Pampa. The important grasses
of the Pampa include Briza, Bromus, Panicum,
Paspalum, Lolium etc. It may be pointed out that
the grasses of the Pampas have multi-layered
structure which is the result ol the availability of
moisture, soil and effects of grazing by the animals.
Man has introduced lucerne plant of legume
species which forms good forage for the animals.
Major part of the Pampas has been cleared of their
original grasses and has been converted into
agricultural farms mainly wheat fields.

(i) Sour Veld represents those areas of
Themeda Veld which are dominated by relatively
less important grasses such as Aristida, Eragrostis
and Hyparrhenia.

(iii) Alpine Veld is found over relatively
higher altitudes (2000-2500 m) of the Darkensberg
Mountain where Themeda grasses are found mixed
with Festuca and Bromus which are developed on
black soils.

5) Australian Downs have developed i
south-eastern parts of Australia and northern part
of Tasmania. This region is characterized by (i)
relatively warmer winter season than the temperate
grasslands of the northern hemisphere (Eurasian
Steppes and North American Prairies) and (ii)
mixture of grasses with eucalyptus trees. The
grasslands gradually change from south (Austral-

4 African Veld has developed on the high coast) to north (interior land) in accordance

plateau land of vaying heights (1500 to 2000m) in
the south-eastern part of South Africa. The African
Velds include the temperate grasslands of southern
Transwaal and Orange Free State of South Africa
and some parts of Lisotho. It may be pointed out
that the South American Pampas are developed on
flat lowland terrain whereas the south African
Velds have developed over 1500-2000 m high
plateau surface where the growth of plants is not
possible because of uncertainty of rainfall, increas-
ing aridity, severity of frosts during nights and high
daily range of temperature during winter season.
Thus, the true climax grass lands of African Velds
have developed. There are much variations in the
composition and structure of grasses because of
variations in the topographic characteristics, soils,
altitudes and climatic conditions. Based on afore-
said considerations the South African Veld biome
is further divided into 3 sub-types viz., (i) Themeda
Veld, (ii) Alpine Veld and (iii) Sour Veld.

with the decreasing trend of mean annual precipita-
tion from south (1524 mm) to north (635mm) Thus,
3 distinct and different grasslands are found in the
Australian Downs (temperate grasslands) e.g. (i)
temperate tall grasslands, (ii) temperate short
grasslands and (iii) xerophytic grasslands.

(1) Temperate tall grasslands have devel-
oped in a region which extends from the eastern
coastal lands of New South Wales to Victoria and
eastern Tasmania. The dominant grasses are Poa
tussock and Themeda Australia. The Themeda
Australia is also called as kangaroo grass because it
is very much palatable to kangaroos. Danthonia

pallida dominates the areas with drier environmen-
tal condition.

(i) Temperate short grasslands have devel-
oped parallel to but north of the Temperate Tall

Grasslands as discussed above. The important
grasses developed in this biome include short

(i) Themeda veld has developed at #ecies of grasses such as Danthonia and Stipa

altitude ranging between 1500 m and 1700 m
where mean annual precipitation of 650 mm to 750
mm is recorded. The most dominant grass species
is red grass (Themeda triandra) which has devel-
oped on black turf soils. It may be pointed out that
the original dominant red grasses of this biome
have been transformed to less useful xerophytic
forms because of continued pressure of overgrazing
by man.

gegera of grasses.

(iii) Xerophytic grasslands are developed
further northward such as the interior lands of New
South Wales and Queensland which are character-
ized by semi-arid climatic conditions ... the
grasses, which have developed in this biome, are
adapted todry conditions. The i » .« . » « SpPecies of
this biome are Aristida and Mulga (a shrub
species).
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(6) Canterbury Grasslands of New Zeala

The original temperate grasslands were developed
in the eastern part of the southern island and the
central part of the northern island of New Zealand
wherein the tussock or bunch grasses were the
dominant species but man has changed and
transformed the original structure ofthe temperate
grasslands within the last 100 years or so through
his economic activities. At present there are two
main types of grasses in the temperate grassland
biome of New Zealand e.g. (i) short tussock
grasses having the main species of Festuca and
Poa, are 50 cm tall and yellow-brown in colour, and
(i) tall tussock grasses (main species being
Chinomechloa) are found relatively over higher
grounds.

The average Net Primary Productivity of
the Temperate Grassland Biome is 600 dry grams
per square meter per year whereas the total Net
Primary Production of all the regions of this biome
spread in the northern and the southern hemi-
spheres is 5.4 x 109 tons per year. The average
biomass of these grasslands is about 1600 grams
per spuare meter. It may be pointed out that the
temperate grasses have well developed network of
root systems. The roots may penetrate upto 2m in
the ground whereas the shoots of the grasses are
only 0.6 to 1.2m above the ground. It is thus
obvious that the root systems of the temperate
grasslands have more biomass (2000 grams per
square meter) than the biomass of grass standing
above the ground (1600 grams per square meter).
The long and dense mesh of root systems of short
and bunch grasses such as blue grama and buffalo
grasses account for 50-55 per cent of their total

biomass.

Animal Community

The animal community of the temperate
grassland biome is characterized by unique prop-
erty in that every grassland region of the southern
and the northern hemispheres is dominated by a
few species of large mammals for example, buffalo
and pronghorn antelope in the North American
Prairies; wild horse and saiga antelope in the
Eurasian Steppes; antelopes in the South African
Velds and guanaco in the South American Pampas.
Secondly, the large herbivorous animals of the
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Pedmperate grasslands are endowed with sturdy
bodies so that they are able to protect themselves to
some extent from their predator enemies like wolf
and coyote. Thirdly, the grazing mammals have
developed migratory habits so that they may avoid
overuse of their forage and thus can conserve their
food resources. Inspite of the aforesaid and even
more similarities in the animal communities of
different regions of the temperate grassland biome
there are some regional variations as well.

(1) The most important animals of the
Eurasian steppes are saiga antelopes of the western
steppes and Mongolian gazelles of the eastern
steppes and the rare species of wild horses of the
ungulate category (animals having hoofs). Among
the burrowing animals rodents are important
species. These rodents and mole rats dig out long
and circuitous tunnels in the soft-dry soils to store
food and to protect them from the severe cold. They
remain indoor throughout the day (in side their
tunnels) but come out of their tunnels during nights
to get food. Predator animals include wolves,
eagles, large hawks etc. which depend on rodents
for their food. Polecat is also an important species
of smaller predator animals.

(2) The bisons and pronghorns dominated
the animals community of the North American
Prairies before the arrival of the European settlers,
explorers and fur traders in this continent but now
these animals are on the verge of extinction because
of their indiscriminate mass hunting by the
European immigrants. Similarly, there were nu-
merous species of rodents in the American Prairies
such as gophers and prairie dogs which used to live
in long and narrow tunnels dug-out in the loose and
dry soils to protect them from the predators during
day-time but most of these rodents have been either
eliminated or markedly reduced in number because
of removal of grasses on a large-scale for agricul-
tural development. A large number of predator
species depending primarily on rodents such as
hawks, eagles, rattle-snakes, foxes, wolves etc.
have also been adversely affected by ever-expand-
ing agriculture in the prairies. Thus, the agricul-
tural development of the North American Prairies
has provided food to large number of human
population on the one hand but this practice has
disturbed the original natural ecosystem of the
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Prairie grassland and has created ecological imbal-
ance on the other hand.

(3) The South American Pampas have now
become major wheat fields and the remaining
grasslands are so open that herbivorous animals
are provided little natural refuge and protection
from predator animals. The Pampa deer is
important among many species of herbivorous
grazing animals whereas rodents mainly viscacha
and mara are important burrowing species of
mammals which like the rodents of the North
American Prairies live in long and circuitous
tunnels in the loose and dry soils. Rhea is very
important flightless species of birds which resem-
bles emu of the Australian Downs and ostrich of
African Savanna. Inspite of its giant body size the
Rhea becomes successful to some extent in
protecting him from his predators because his
colour helps him to become invisible in the
surroundings of the local vegetation and his height
enables him to see and detect the enemies
(predators). The predator animals include manned
wolf which depends on rodents, birds and even
small reptiles. The Pampas are enriched by many
migratory seasonal birds such as herons, geese,
ducks, etc.

(4) The animal life of the South African

Velds has been largely affected and modified by

human activities. The region was earlier enriched

by large herds of game, antelopes, hyaenas, jackals,

lions, leoparads etc. (all belonging to carnivorous

category) and zebra but now these animals are not

seen in the Veldean grassland because large-scale
hunting has either eliminated them or has forced
them to seek refuge in other areas. Since most of the
natural habitats of these animals have been
converted into farmlands, the original animals
have also been replaced by domesticated animals
such as farm animals, cattle (for dairy purposes),sheep
and goats. Some of the birds and most of rodents are
still found in this biome because the birds having
high degree of mobility easily escape from their
most dangerous enemy (man) while the rodents
hide them in the long and circuitous earthen
tunnels. The important species of rodents are
springhare and gerbil whereas important species of
carnivorous group of burrowing animals include

yellow mongoose.

kangaroos which are of three types e.g*
kangaroos, (ii) grey kangaroos,

The European rabbits introduced in this biome
have so greatly multiplied within the last 100
years or so that they have now outnumbered other
animals and have become dominant animal
species of the Australian temperate grasslands.
The introduction of sheep for commercial pur-
poses has also altered the composition of animal
community in this grassland biome. Emu is the
typical flightless bird species of this region.

(6) The New Zealandean Grassland Biol
characterized by almost general absence of herba-
ceous mammals because of the fact that this island
probably has always been isolated from the other
landmases and therefore no migration of animals
from other areas into New Zeland could be
possible. Previously this biome was inhabited by
giant flightless birds, the moas, but now these have
disappeared because of their large-scale hunting by
man.

Man and Temperate Grassland Biome

The climatic conditions, resultant soils,
native and transformed regional vegetations, ani-
mal communities and of course man produced a
unique interactive temperate grassland biome
ecosystem but the dominant activities of man and
their widespread impacts on the total transforma-
tion ot this biome/ecosystem have altogether
changed the very nature of this biome/ecosystem.
‘So virgin grasslands are rare since most of them
have been altered by pastoralism of domesticated
animals, replaced by agricultural ecosystems, or
converted into a different species composition
through the use of biocides (weed and/or pest
killers) or mechanical processes such as brush
removal, seeding with leguminous species or
simply through the invasion of new (including
exotic) species following utilization by man’ (1.G.
Simmons, 1982)

No other natural ecosystem or biome tells
the story of the impact of human activities better
than the temperate grassland biomes of the wodd.
Majority of the original grasslands have now bee**
converted into agricultural farmlands
now become famous ‘grainaries of the
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Wheat, corn and dairy farming now occupy most of
the areas of the North American Prairies (of the
U.S.A. and Canada); wheat fields have replaced
most of the Steppes of Kazakhastan and of northern
China; South American Pampas are now exten-
sively farmed for wheat and the semi-arid temper-
ate grasslands have been converted into great sheep
and cattle ranches of the world.

The wide-spread agricultural development
in the temperate grassland biomes at the cost of
natural and original stands of rich grasses of
numerous varieties have led to the emergence of
several ecological and environmental problems.

(i) The conversion of natural grasslands of
this biome resulted into the obliteration of natural
habitats of the animals of numerous speceies. Thus,
the disappearance of natural habitats or their overall
transformation has caused disappearance and ex-
tinction of several animal species. For example,
bisons and pronghorns, once the dominant animal
species of the North American Prairies, are now
facing imminent extinction; many rodents of the
temperate grasslands have now become endan-
gered species because of the destruction of their
natural hideouts of tunnels dug-out in the loose and
dry soils through large-scale ploughing by tractors;
many of the animal species such as game,
antelopes, zebras, lions, leopards and hyaenas
have disappeared from several temperate grasslands
etc.

(i) Large-scale hunting of animals has
resulted into phenomenal decrease of the populations
of some animals, migration ot some animals to
other areas and disappearance and extinction of
some animals. For example, many species of
animals such as game, antelope, zebra, lions,
leopards, hyaenas etc. have disappeared from the
African Velds because of mass hunting of animals
by the European immingrants.

(11i)) The introduction of new species of
exotic animals has altogether changed the compo-
sitions of native vegetation. For example, the
introduction of sheep by the European settlers in
Australia has changed the composition ol vegeta-
tion community which was originally suited to the
native marsupial animals. The introduction ol
European rabbits into Australia by the European
immigrants has resulted into such a phenomenal
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growth in their populations that they have become
menace to both the natural vegetation corofntt&ity
and man. Predator foxes have been introduced in
this region to control the ever-increasing popula-
tion of rabbits but this has not produced any
fruitful result.

(iv) The introduction of new species of
exotic plants into many parts of the temperate
grasslands has either suppressed the native natural
vegetation or has eliminated many plant species.
For example, the introduction of a new species of
leguminous plants such as clover and grasses such
as Bromus hardeum and perennial ryegrass by
European immigrants into Australian temperate
grasslands has suppressed several species of native
perennial grasses.

(v) Extensive cultivation of the semi-arid
prairie regions of the Great Plains of the U.S.A. has
resulted into enormous deflation of dry, loose and
friable soils by wind which (deflation of soil
particles) generates dust storms during the periods
of drought which cause great damage to crops and
human property in the Mississippi plains. Due to
greater frequency of intense dust storms the areas
of the semi-arid parts of the western Kanasas,
Texas and Oklahoma are called Dust Bowl.

(vi) The large-scale removal of vegetation
for agricultural purposes has resulted in the
loosening of the soil cover because of the
destruction of dense network of root systems of
grasses. This change in the soil cover has resulted
into accelerated rate of soil erosion and therefore
loss of otherwise rich and fertile soils.

14.8 WEST EUROPEAN TYPE OF CLIMATE (Cb)

Location

West European type of cimiate (Cb) also
known as marine west coast climate is located
between 40° and 65° latitudes in both the
hemispheres along the western coasts ot the
continents. This climatic region is surrounded by
Mediterranean climate in the south, continental dry
climate in the east and semi-arctic climate in the
north. The inland extension of this climate is
controlled by topographic features. For example,
wherever the coast is paralleled by mountain
ranges, this climate is found in a very narrow
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coastal belt e.g. marine west coast climate is
confined to the coastal strips along the western
coasts of North and South Americas because of
Rockies and Andes. On the other hand, wherever
relief barrier does not exist, marine influences
reach far inland e.g. north-western Europe. Thus
the west European type of climate has developed
over north-western Europe (including Great Brit-
ain, western Norway, Denmark, northwest Ger-
many, Netherlands, Belgium, Luxcmberg, and
north-western France), British Columbia of Canada,
Washington and Oregon states of the USA, south-
west coast of Chile (S. America), south-east coast
of Australia, and Tasmania and New Zealand.

Temperature

The temperatures, in the west European
climate, are affected by marine influences, warm
ocean currents and prevailing winds and air
masses. In fact, the moderating effects of sea bring
down the difference between summer and winter
seasons considerably. This climate is character-
ized by cool summer and mild winters. Average
temperature during summer season ranges between
15°C and 21°C. Thus, the summer months are
characterized by negative thermal anomaly i.e. the
coastal regions in the marine west coast climate
record relatively lower temperature during summer
season than the average temperature for their
latitudes. There is very negligible variation in the
spatial distribution of temperature during summer
season as it is indicated by mean July temperature
ofthe following stations = 17°C at Seattle (USA),
14.4°C at Bergen (Norway), 15.6°C at Dublin

(Ireland), and 19°C at Paris (France). The daily
minimum temperatures in July at Seattle and
Bellingham (Wales) are 12.8°C and 10.6°C respec-
tively while daily maxima at these stations are
22.8°C and 21.7°C respectively. Thus, diurnal
range of temperature in July lor Seattle and
Bellingham becomes 10.0°C and 11.1°C. Some
times, daytime summer temperature exceptionally

rises to 32°C -38°C.

Winters are exceptionally milder for their
latitudes due to proximity of warm ocean currents
and thus the coastal locations ol western Europe
are characterized by positive thermal anomaly i.e.
they record higher temperature than the average

influence of warm North Atlantic Drift (extension
of warm Gulf Stream). The positive thermal
anomaly of 11.°C to 17°C is a common feature.
The winter temperature decreases rapidly from the
coasts towards the interior parts in Europe due to
decreasing marine influence inland. This is why
the January isotherms instead of following lati-
tudes become parallel to the coasts. The mean
January temperature in coastal areas of N.W.
Europe ranges between 4°C and 10°C but it
becomes-18°C to -40°C in the interior continental
locations of Eurasia. The night temperature gener-
ally falls below freezing point and hence ground
frost is of very common occurrence. Cold waves are
generated due to arrival of cold continental polar
air masses.

The marine west coast climate comes under
the domain of westerlies which are regular features
throughout the year. Since these winds come from
over the oceans and hence they are moist and give
precipitation. These westerlies are also associated
with temperate cyclones which are the main
sources of precipitation. The poleward margins
are dominated by subpolar low pressure belt of
dynamic origin where unstable polar front is
formed due to convergence of two contrasting air
masses e.g. warm and moist westerlies and cold
polar air mass. This polar front thus causes the
development of temperate cyclones which move
in easterly direction under the influence of wester-
lies.

Precipitation

Marine coast climate or West European type
of climate is basically humid climate and is
characterized by abundant and uniformly distrib-
uted precipitation throughout the year but winter
maximum is the characteristic feature of coastal
locations while interior locations record summer
maximum. Inspite of abundant precipitation all the
year round there is much spatial variation in its
amount. Generally, precipitation decreases from
the coasts towards interior locations and from north
to south along the coast. The regional distribution
of precipitation is highly controlled by topographic
factor. The areas of low reliefs receive relatively
low precipitation. For example, the north-western
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European lowland in the absence of any effective
relief barrier receives mean annual precipitation
ranging between 50 cm and 75 cm. On the other
hand, the western coastal areas of North America
and of Chile in South America falling under marine
west coast climate receive high mean annual
precipitation ranging between 250 cm and 375 cm
because of the presence of the Coast Range
mountains in North America (parallel to the coast)
and the Andes in South America (parallel to the
coast). The leeward slopes of these mountains
become dry because of very low precipitation as
they fall in rainshadow region.

Though the precipitation is uniformly dis-
tributed throughout the year but winter season
receives more than the summer season, but there is
no dry month. These conditions arc confined only
to the coastal location because interior locations
receive more precipitation in summers than in
winters. The precipitation in lowland areas (plains)
is cyclonic in nature and is usually received in the
form of drizzles and continues for fairly long time.
Sky remains overcast for several days in continua-
tion. The winter cyclonic precipitation is very
widespread. The summer precipitation is of short
duration but is stormy and heavy. The 6 cm July
precipitation of London is received in 13 days
while 5.3cm January precipitation comes in 15
days. The thunderstorms are very few in number. It
Is interesting to note that though the mean annual
rainfall is moderate but it is received in large
number of rainy days. For example, the mean
annual precipitation of56.5 cm of Paris isreceived
in 188 rainy days while London gets mean annual
precipitation of 71.3 cm in 164 days. The percent-
age of cloudiness is also much higher in this
climate e.g. the Pacific coastal areas ol N. America
record average annual cloudiness between 60-70
per cent while it is 70 per cent in the western
Europe. Winter months are also characterized by
snowfall but the number of days receiving snowfall
is less than in other climates located within the
same latitudes. The snow days in London, Paris and
Seattle (representing low land loation) are 13, 14
and 10 respectively. The frequency of snow-days
and intensity of snowfall both increases poleward
and towards interior locations.

Natural Vegetation

The abundant precipitation throughout the
year has given birth to dense forests of three types
e.g. (i) broad-leaf deciduous forest (oak, birch,
walnut, maple, elm, chestnut etc.), (ii) needle-leaf
(coniferous) forest (pine, fir, spruce etc.), and (iii)
mixed forest but cleared in British Isles and
European countries due to urban and agricultural
development. Dense forests are now found only on
mountains and highlands. Douglas fir, redwood,
hemlock, spruce, cedar etc. soft wood forests of
much commercial use are found in the states of
Washington, and Oregon of the USA and British
Columbia of Canada.

14.9 BOREAL OR SUBARCTIC OR TAIGA TYPE
OF CLIMATE (E CLIMATE)

Location

The boreal or sub-arctic climate represent-
ing the boreal forest biome or temperate conifer-
ous forest biome and the most extreme type of
microthermal climate is called taiga type or
Siberian type of climate and includes the areas of
subarctic regions of North America (extending
from Alaska Of the USA across Canada to Hudson
Bay in the east) and Eurasia (from the Scandinavian
Peninsula across the Russian Siberia to the Bering
Sea)(fig. 14.8). Besides, there are small patches of
this climate at higher altitudes in Germany, Poland,
Switzerland, Austria and other parts of Europe and
on the high Rocky Mountains of North America. In
fact, the taiga climate is located between the tundra
climate in the north and the temperate grassland
biome (climate) (Eurasian steppes and North
American Prairies) in the south. The taiga climate
IS conspicuous by its total absence in the southern
hemisphere because of narrowiug trend of conti-
nents towards the south pole. The vicinal location
of taiga climate extends from 50°- 55°N to 65°-
70°N latitudes.

Temperature

The taiga type of climate ischaracterized by
extreme continental climate marked by bitterly
cold winter of long duration and cool short summer
season of brief period extending over one to three
months. Spring and autumn are merely brief



transitional periods between summer and cold
seasons. The 10°C isotherm of the warmest month
forms the northern boundary of this climatic
region. The winter season extending over 8 months
always records temperatures below freezing point
as is apparent from the average January tempera-
tures of the following inland locations =-26°C at
Eagle (Canada), -30.6°C at Dawson (Canada),
-24°C at Okhotsk (Russia), -43.3°C at Yakutsk
(Russia), -50.6°C at Verkhoyansk (Russia) etc.
The Siberian *taiga climate records the lowest
minimum temperature e.g. Verkhoyansk
-68°C and Oimekon -66.8°C (Russia, lowest
temperature everrecorded) while the lowest mini-
mum temperature recorded so far in North Ameri-
can sub-arctic climate at Snag (Yukon, Alaska,
USA) is -62.8°C.
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temperature during brief summer season increases
rapidly. July being the warmest month has an
average temperature of 16°C. It may be pointed out
that several interior locations record temperature
below freezing point even inthe month ofJuly.The
growing season is between 50 to 70 days only
because soil water is frozen for 5 to 7 months of
winter season in continuation. The annual ranges of
temperature are very large and greatly vary from
place to place. For example, the temperature of the
coldest and warmest months of Moscow are - 12°C
and 20°C respectively and thus the annual range of
temperature becomes 32°C. Verkhoyansk

records the annual range of temperature of more
than 64°C.

Arctic Tundra

11 Taiga

Fig. 14.8 : Location oftaiga and tundra types of climate.

Precipitation period of the year does not favour evaporation and

thus there is very low amount ofabsolute humidity
in the air, (ii) the regions failing in taila type of
climate are located in the leeward sides of

The subarctic or taiga type of climate is
characterized by low mean annual precipitation
because (i) extremely low temperature for longer
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coatinentsand in the interior regions and thus they
are away from the marine influences, and (iii) the
regions are characterized by polar high pressure,
anticylonic conditions are evidenced by subsid-
ence of air from above and divergence of surface
winds. The mean annual precipitation ranging
between 37 cm and 60 cm is received mostly in the
form of fine, dry snow which accumulates through-
out the winter and is released as surface water due
to thawing because of increase in temperature
during brief summer season. It may be pointed out
that the precipitation is more or less uniformly
distributed throughout the year whether in liquid
form as rainfall (during summer) or snowfall
during winters.

The following are the main characteristic
features of subaractic taiga type of climate:

(i) Bitterly cold long winter season (tem-
perature below zero degree centigrade at least for 6
months).

(i) Heavy snowfall during winter season.

(iii) Formation of permafrost ground (per-
manently frozen ground) because of freezing of
ground moisture due to subfreezing temperature.

(iv) Cool summer of short duration having
precipitation in liquid form (rainfall and melting of
Snow cover).

(v) Growing period of vegetation ranging
from 50days ayear along the northern boundary to
100 days along the southern boundary.

(vi) High range of variability in the spatial
distribution of annual precipitation.

(vii) Extreme annual range of temperature
(ranging betw'een 25°C during summer months and
40°C during winter months).

Natural Vegetation

The coniferous trees arc the most dominant
member of taiga climate or the Boreal Forest
Biome. These trees form dense cover of forests
which are the richest sources of softwood in the
world. There are four major genera ol evergreen
coniferous trees e.g. (i) Pine (white pine, red pine,
Scots pine, jack pine, lodgepole pine etc.), (ii) Fir
(doughlas fir, balsam fir etc.), (iii) Spruce (Picea),
a»d (iv) Larch (Larix). Besides, a few species of

temperate deciduous hard-wood trees have also
developed in this climate mainly in those areas
which have been cleared by man through felling of
original temperate coniferous trees. Thus, the
temperate deciduous trees represent the ‘secondary

succession of vegetation” which includes alder,
birch and poplar.

14.10 TUNDRA CLIMATE (Ft)
Location

Tundra is a Finnish word which means
barren land. Thus, the tundra region having least
vegetation and polar or arctic climate is found in
North America and Eurasia between the southern
limit of the permanent ice caps in the north and the
northern limit of taiga or subarcitc climate in the
south. Thus, tundra climate has developed over
parts of Alaska (USA), extreme northern parts of
Canada, the coastal strips of Greenland and the
arctic seasboard regions of European Russia and
northern Siberia. Besides, tundra climate has also
developed over arctic islands (fig. 14.8). Vegetations
rapidly change to the north of treeline because of
increasing severity of climate.

Tundra climate is further divided into two
subtypes e.g. (i) arctic tundra climate, and (ii)
alpine tundra climate (which is found over high
mountains of tropical to temperate areas). Based on
variations in general vegetation characteristics
arctic tundra is divided in 3 zones from south to
north viz. (i) low arctic tundra, (ii) middle arctic
tundra, and (iii) high arctic tundra. It may be
pointed out that high, middle, and low are not
indicative of altitudes rather these indicate lati-
tudes.

The poleward boundary of tundra climate is
demarcated by 0°C isotherm ofthe warmest month
of the year while 10°C isotherm of the warmest
month makes the equatorward boundary.

Temperature

The tundra climate is characterized by
general absence of insolation and sunlight and very
low temperature throughout the year. The average
annual temperature is 12°C. Winters are long,
bitterly cold and very severe while summers are
very short but cool. The warmest month of the year



records average temperature between 0°C and
10°C. Itis interesting to note that diurnal range of
temperature is very low because of very little
difference in day and night temperatures but the
annual range is quite large. The severe climate does
not favour much vegetation growth and hence most
of the areas under tundra climate remain barren
land. The ground surface is covered with snow at
least for 7 to 8 months each year. The region is
swept by speedy cold powdery storms known as
blizzards. Growing season is less than 50 days in a
year. The ground is permanently frozen (perma-
frost). Even soil is also perennially frozen.

Precipitation

Mean annual precipitation, mostly in the
form of snowfall, is below 40 cm. The absolute
humidity is very low because of very low rate of
evaporation due to very low temperature through-
out the year. The divergent system of air
circulation and anticyclonic conditions do not
favour much precipitation. Most of the annual
precipitation is received during summer and
autumn because of relatively higher temperature.

Natural Vegetation

There is prefect relationship between veg-
etation and the condition of moisture in the soils.
The characteristic lithosols of tundra biome sup-
port Only lichens and mosses. Only 3 per cent
species of the total world species of plant could
develope in tundra climate because of the severity
of cold and the absence of minimum amount of
insolation and sunlight. The vegetations of tundra
climate are cryophytes i.e. such vegetations are
well adapted to severe cold conditions as they have
developed such unique features which enable them
to withstand extreme cold conditions. Most of the

plants are tufted in form and range in height
between 5 cm and 8 cm. These plants have the
tendency ofsticking to the ground surface because
the temperature of the ground surface is relatively
higher than the temperature of the overlying air.
The herbs have developed only in those areas where
heaps of icy and snow protect the plants from gusty
ice winds. Such herbaceous plants include willow
the stems of which are very close to the ground
surface (hardly a few centimetres above the

ground). Though the growth rate of these herba-
ceous plants is exceedingly slow but their survival
period is unbelievably very long (between 150 to
300 years). The evergreen flowering plants develop
on the ground like cushions mostly during short
cool summers.

14.10.1 TUNDRA BIOME

The location, spatial distribution of tundra
cliinatic region and climatic characteristic fea-
tures have been discussed in the preceding section

14.10. *
Vegetation Community

There is perfect relationship between veg-
etation and the condition of moisture in the soils.
The characteristic lithosols of the tundra biome (a
well drained soil) support only lichens and mosses.
Arctic gray soils favour the growth of dwarf
herbaceous plants and bog soils maintain sedges
and mosses. Only 3 per cent species of the total
world species of plants could develop in the tundra
biome because of the severity of cold and absence
of minimum amount of insolation and sunlight.
The vegetations of the tundra biome are cryophytes
i.e. such vegetations are well adapted to severe cold
conditions as they have developed such unique
features which enable them to withstand extreme
cold conditions.

According to N. Pollumin (1959) there are
66 families of cryophytes in Arctic Tundra Biome.
The number of plant species and plant population
decreases northward with increasing severity of
cold. Most of the plants are tufted in form and range
in height between 5 cm and 8 cm. These plants
have the tendency of sticking to the ground surface
because the temperature of the ground surface is
relatively higher than the temperature of the
overlying air. The herbs are developed mainly in
those areas where heaps of ice and snow protect the
plants Irom gusty icy winds. Such herbaceous
plants include willow (Salix herbacea and Salix
arctica). The stems and leaves of these herbaceous
plants are very close to the ground surface (hardly
a few centimetres above the ground surface).
Though the growth rate of these herbaceous plants
is exceedingly slow but their survival period is
unbelievably very long (between 150 to 300years).
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Fig. 14.9 : Divisions of Arctic Tundra of Canada.

The evergreen flowering plants develop on
the ground like cushions mostly during short cool
summers. These flowering herbaceous plants in-
clude moss campion (Silence acaulis). Some plants
assume the shape of rosette wherein the leaves
radiate from a point and leafless stalk bearing
flower grows upward. Saxifragus nivalis is the
typical species of rosette plants. Some plants are
endowed with the typical features of fleshy leaves,
thick cuticle and external covers of hairs (epider-
mal hairs) around their stems and branches. Some
plants grow on the ground like tussocks while other
groups of plants grow horizontally on the ground
surface like mats or compact turf (such as Dryas
octopetala). It may be pointed out that the period
available for the growth of tundra plants is of only
50 days during cool summer season, during which
all the stages of the life-cycle of a plant are

completed e.g. growth of plant tissues, flowering,
pollination, ripening of seeds, dispersal of seeds
and establishment of seedlings etc.

Animal Community

The animals of Arctic Tundra Biome are
grouped into two categories viz. (i) resident
animals, and (ii) migrant animals. Most of the
animals leave Arctic Tundra and migrate south-
ward during winter season to escape severe cold
because only those animals stay at home during
severe winter season which have such typical body
structures which enable them to withstand the
severity of cold. Thus, the resident animals of
relatively larger size have thick and dense insulat-
ing coat of fur or feathers around their bodies. Such
epidermic insulating cover of fur or features works
as blanket and keep the animals warm during severe



winters. The American musk ox is a typical
example of such animals. This bulky herbivourous
animal living in the Arctic Tundra of Alaska,
northern Canada and Greenland is endowed with
epidermic coat of dense and soft wool around his
body and an outer cover of thick and long hairs
which are so long that they touch the ground. This
thick coat protects the musk ox from cold and
moisture because this thick coat works as insulator
and is impervious for both, cold and moisture.
Musk ox gets rid off this heavy coat during summer
season to adjust with relatively warmer environ-
ment. Thus, after shedding thick hairy and wooly
coat the musk ox presents aragged appearance. The
animals are again endowed with this coat during
next winter. The arctic fox has double coats of fur
around its body and thus is able to withstand very
severe cold. It may be pointed out that the fur coat
of the arctic fox enables to bear as much low
temperature as -50°C and hence the animal is active
even during severe winter season and is able to
catch its prey such as lemmings and hares. The
resident birds have feathers (such as ptarmigan)
which protect them from severe cold. In fact, these
feathers work as insulators. The smaller birds
protect them from severe cold by shivering or by
fluffing their feathers.

Some resident animals of the Arctic Tundra
Biome change their colour during different seasons
of the year. For example, ptarmigan (a kind of bird)
changes the colour of its feathers thrice ayear. The
arctic foxes and stoat, prominent predator animals
having fur coat, are brown in colour during summer
season but become white in colour during winter
season. Some animals such as wolves and caribou
have such hairless feet which act as insulator and do
not allow the heat of their bodies to escape. Some
smaller animals such as rodents, lemmings, shrews,
voles etc. live in burrows and tunnels during winter
season to protect them from severe cold and hungry
predator animals.

The second category of animals of the Arctic
Tundra Biome consists of migratary animals
which start migrating with the beginning of winter
season to warmer areas in the south and return back
to their native places during coming spring season.
The animals move away from their native places
during every winter season because they are not

equiped with suitable devices which may enable
them to protect themselves from the severity of
cold as is the case with the resident animals as
referred to above. The birds, such as waterfowl,
ducks, swans, geese etc., are the first to leave their
native places with the arri val ofautumn and are also
first to come back to their original places in the
spring or early summer. Some birds establish
sexual contact before they return to their native
places during summer season. Some birds return to
the same nests which they left at the time of their
migration during winter season. Since the summer
season is of very shortduration and many functions
and duties like nesting, pairing or courtship (sexual
contact between the pair of male and female birds),
laying of eggs, hatching and rearing of offsprings
are to be completed within this short period, the
most of the birds are not used to have sexual
contacts for long duration.

Some birds cover very long distances during
the period of their migration. For example, the
arctic tern is the most important migratory bird, as
it breeds during”summer season in the Arctic
Tundra and leaves its native place with the
beginning of winter season and reaches as far
south as Antarctica in the southern hemisphere
which is characterized by summer season. It is
obvious that the arctic tern is benefited from two
summer seasons in a single year. Mosquitoes,
midges and blacky are important species of insects
which emerge in huge and dense swarms in pools,
ponds, lakes, bogs and swamps during summer
season. Tundra birds feed and rear their offsprings
on huge populations of insects, moluscs and worms
which also emerge in huge swarms during summer
season in pools, ponds, rivers, lakes, swamps and
soils.

Raindeer and caribou are important animals
of the category of large migratory animals. These
mammals spend winter season in temperate
coniferous forest biome or taiga biome located to
the south of their native tundra biome and establish
sexual contact. It may be pointed out that the
female raindeer and caribou conceive through
winter mating (sexual intercourse between male
and female animals) during their winter migration
to temperate coniferous forest but they deliver
their offsprings in (calves) tundra regions during
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summer season when they migrate from temperate
coniferous forests to tundra biome. Thus, raindeers
and caribous cover distances of hundreds of
kilometres each year between summer and winter
seasons of the same year. Some times mother
raindeer and caribou deliver youngones in the
transit and such newly born youngones perish in
the way because they are unable to undertake
arduous long journey. These animals again move

southward in herds as the arrival of winter season is
heralded.

This annual rhythm of migration of animals
from tundras to southerly temperate coniferous
forest regions during winter season and from the
latter to the former during summer season contin-
ues without any interruption. It is significant to
note that this seasonal migration of tundra animals
ismotivated by the availability and non-availabil-
ity of food which itself is created by varying
weather conditions of the region. The migrating
herds of raindeer and caribou are attacked by
wolves and several weak, lame and ill animals and
many youngones are killed and eaten away by
predators. These animals are also attacked by great
swarms of numerous mosquitoes and many
bloodsucking insects during their summer stay in
tundra region. These animals have no better
alternative to escape from the attack of aforesaid
insects than to take temporary refuge in ponds,
lakes or streams which even is nearer to their
localities.

Primary productivity in tundra biome is
exceedingly low because of (i) minimum sunlight
and insolation, (ii) absence or scarcity of nutrients
(such as nitrogen and phosphorous) in the soils,
(iii) poorly developed soils, (iv) scarcity of
moisture in the soils, (v) permanently frozen
ground (permafrost), (vi) very short growing
period (about 50 days) etc. According to V.D.
Alexandrova (1970) the mean regional primary
productivity decreases from low Arctic tundra (228
dry grams/m2year) to high Arctic Tundra (142 dry
grams per square meter per year) whereas the
lowest primary productivity of 12 dry grams per
square meter per year is found in the polar desert
areas. The net primary productivity (NPP) of the
Tundra Bioihfe’is 140 dry grams per square meter
per year whereas the total net primary production of
all parts of the tundra biome is 1.1 x 109tons per

of climate and resultant poor vegetation, dry areas
produce little litter but wet litter accumulates-to
form peat, and there is very slow and thus low
nutrient release to vegetation. It is thus clear that

the scarcity of food makes the tundra animals
migratory.

Man and Tundra Biome

Man is closely associated with the biota of
the Tundra Biome because even his very existence
depends upon animals of both terrestrial and
aquatic habitats. Previously the Eskimos of Green-
land, northern Canada and Alaska; Lapps of
northern Finland and Scandinavia; Samoyeds of
Siberia; Yakuts of Leena basin and Koryak and
Chuckchi of north-eastern Asia spent complete
nomadic life depending on their food derived from
fish seals, walruses, polar bears and other animals
and on other commodities derived from caribou
(the relative of Eurasian raindeer is called caribou
in North American Tundra), raindeer and various
fur animals. Thus the earlier nomadic tundra man
inflicted a great damage to tundra animals through
his hunting activities. But now the situation has
changed as many of the people of the Tundra Biome
are leading apermanent or semi-nomadic life. The
Eskimos have established permanent settlements
and have formed villages in the coastal areas of
tundra region and have domesticated caribou and
fur animals. Many of Eskimo children have got
modern education in the schools. They have
adapted to new technologies. For example, deadly
rifles have replaced the traditional and out-dated
harpoons. Thus, the modern Eskimos equiped with
modern technologies are now in a position to
damage the tundra ecosystem in the same way as is
done by already technologically advanced man in
other biomes. The Samoyeds and other tribes of the
Eurasian Tundra have also adapted new way of life.
Some of them are leading permanently settled life.
They rear raindeers and tur animals and even grow
food crops mainly wheat in the Siberian Tundra
while some tribes still wander with their herds of
raindeer across the Eurasian Tundra in search of

pastures.
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1411 IMPORTANT DEFINITIONS

Batha Batha is dwarf shrub of European
Mediterranean biome. It is locally called sage
scrub in California.

Biome: Biome is a large natural ecosystem having
physical (abiotic) and biotic components. It
comprises total assemblage of plant and
animal communities and their mutual interac-
tions.

Dust bowls : The areas of western Kansas, Texas
and Oklahoma are called dust bowls due to
greater frequency and intensity of dust storms.

Epiphytes: Epiphytes are tropical climbers having
no roots on the ground surface but are evol ved
on the trunks, branches and leaves of trees,
shrubs, climbers etc.

Fymbos : The sclerophyllous shrubs are locally
called fymbus in South African Mediterra-
nean biome.

CLIMATOLOGY

Lianas: The tropical long woody climbers (creep-
ers) in equatorial rainforests are called lianas
These are found in all the vertical strata of the
forests. ,

Pampas : The temperate grasslands of Argentina
and Uruguay are called ‘pampas’.

Pustaz : The isolated patches of steppes in Hungry
are locally called‘pustaz’.

Sclerophyll ecosystem : The Mediterranean biome
is called sclerophyll ecosystem because of the
development of special type of features and
characteristics in the dominant trees and
shrubs to adapt to the typcail environmental
conditions of dry summers and wet winter.

Southern busters itropical cyclones in Australia
are called southern busters.

Winters of tropics : Nights in the equatorial rain
forest climate are called winters of the tropics
as the relatively low nocturnal temperature
becomes uncomfortable to local people.



15.1 MEANING AND CONCEPT

Variability, in both lime and space, is an
inherent feature of climate, as the atmosphere is
always in the state of turmoil and instability
leading to variations in weather and climatic
conditions. The climatic change, thus, is defined as
variations and shifts in weather conditions over
space and time of different scales and magnitude
resulting into change of climatic type for example,
from warm and moist climate to warm and dry
climate, from warm and moist climate to cool and
moist climate (as happened during Carboniferous
period in India) etc. Infact, climatic change refers
todrastic or secular changes in heat balance of the
earth-atmosphere system, moisture, cloudiness
and precipitation caused by either external factors
such as variations in orbital characteristics of the
earth, solar variability (fluctuations in radiation
from the photosphere of the sun), tectonic proc-
esses (mainly plate tectonics and displacement of
continents and ocean basins), vulcanicity, changes
inatmospheric composition in terms of concentra-
tion of atmospheric aerosols and carbon dioxide
contents etc. or by internal factors such as
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exchanges of energy between the atmosphere,
hydrosphere, lithosphere and cryosphere (ice cov-
ered surfaces of both lithosphere and hydrosphere)
or by both, at local, regional and global levels. The
climochronology (history of palaeoclimates) re-
veals the fact that climates have changed in the
geological past and hence it is opined that ‘the
world’s climates have changed in the past, are
changing now, and there is every reason to expect
that they will change in future’ (J.E. Hobbs,
1980). If the change is law of nature, the change in
climates is areality because the climate of aregion
is not fixed and static rather it goes on changing.
Some times, the changes are cyclic and rhythmic,
such change is called climatic cycle. It may be
mentioned that James Hutton (a Scottish geolo-
gist) while propounding the concept of
uniformitarianism, postulated the concept of
cyclic nature of earth’s history. The example of
occurrences of ice ages during (1) pre-Cambrian
period (850-600 million years before present, mbp,.
= million years before present), (2) Ordovician
period (450-430 mbp), (3) Carboniferous—Permian
periods (300 mbp)," and (4) Pleistocene period
(2-3 mbp) validates the concept of cyclic nature of
climatic changes.
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The climatic changes are supposed to be
quick and rapid rather than slow and gradual but
this may not be always true as climate changes
both gradually and rapidly, partly and drastically”
Forexample, theclimatic change, which occurre
during Jurassic period leading to mass extinction
of dinasaurs due to sudden onset of cold climate,
was rapid and instantaneous. In fact, the rate of
climatic changes depends on the nature of causal
factors. The rapid Jurassic climatic change is
related to sudden collision of the earth and a giant
meteors and consequent release of enormous
amount of dusts in the atmosphere. One cannot
infer the nature of long-period climate on the basis
of present-day climatic conditions. It is also an
observed fact that the ‘cool periods of earth
history are periods of greater than normal climatic
instability” (J. E. Hobbs, 1980).

The human society with present-day weather
conditions is seized with the problems of possible
climatic changes in near future. The most signifi-
cant global environmental problem faced by the
world community is global environmental changes
(GEC) leading to probable climatic changes
consequent upon global warming resulting from a
host of causal factors, namely ozone depletion,
increase in the emission of green house gases at
alarming rate, deforestation etc. The probable net
result of global warming would be climatic
changes at local, regional, and global levels. The
international communities are scared of cata-
strophic adverse effects of future climatic
changes on different spheres of man and nature,
e.g. deglaciation and sea level changes, submer-
gence of island nations and major coastal low-
lands, atmospheric dynamics including evapora-
tion and precipitation, global radiation balance,
photosynthesis and ecological productivity, plant
and animal communities, human health and many
more. Itmay be summarized that climatic change is

-areality, ithas changed in the past, itischanging at
the present,and itwill change in future. The change
of climate may be slow and gradual, rapid and
catastrophic, periodic, semi-periodic or non-peri-
odic, short-term or long-term, may be at local,
regionafand g4obal scales, itmay be due to natural
factors or anthropogenic factors. It is, thus,
necessary -to discuss various aspects of climatic

changes, namely scales of climatic changes (both
spatial and temporal scales), indicators ofclimatic
changes (i.e. evidences of climatic changes)
reconstruction of palaecolimates (climochronology)
causes of climatic changes, theories of climatic
changes, and effects of climatic changes on both
nature and biological communities including
human beings.

15.2 SCALE DIMENSION

The climatic variations and changes are
viewed in terms of temporal and spatial scales
depending on the purpose of studies. The temporal
scales of climatic changes range from a very
micro-scale involving 10-day period to macro-
temporal scale involving thousands to millions of
years. 'The variability may be periodic (A), quasi-
periodic (B), or non-periodic (C), or alternatively
it may show a progressive trend’ (Barry and
Chorley, 2002). It may be mentioned that spatial
and temporal scales of climatic changes are
correlated e.g. as the temporal scale of change
becomes shorter, the area also becomes smaller. In
other words, the changes may be more perceptible
and pronounced in localized area during short
period of recorded climatic data, but if we
consider climatic data at regional level involving
large countries or continents, and at global level,
the local level changes are overshadowed. Thus,
the climatic changes may be viewed in terms of
three temporal scales, namely (i) macro-temporal
scale (millions of years), (ii) meso-temporal scale
(thousands of years), and (iii) micro-temporal scale
(hundreds of years). These three temporal scales
correspond to global, regional, and local spatial
scales. At regional and local spatial scales the
climatic variability can be looked upon at even
shorter temporal scales which may r”*nge
from very micro-temporal scale to increasing
time span e.g. (1)10 days time scale, (e) 10-100
days time scale, (3) 100-1000 days time scale,
(4) 1000-10000 days time scale etc. It may
be remembered that such changes may be
detected only if the instrumented data are very
accurate and regular. The climate changes which
occurred in the past, say before the industrial
revolution, cannot be viewed in “uch a micro-
temporal scales.
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Generally, climatic changes are considered
at two levels e.g. (1) short-term changes, and (2)
long-term changes. Short-term climatic changes
involve the consideration of changes in the energy
balance of the earth-atmosphere system leading to
periodic changes in weather and climate. This
temporal scale involves time span ranging from
few years to thousands of years. Short-term
climatic changes are either inter-annual or they
giay persist for many years and are generally
caused by anthropogenic factors. On the other
hand, long-term climatic changes persist
for thousands to millions of years and are

exceedingly slow. These are always caused by
natural factors.

153 INDICATORS OF CLIMATIC CHANGES

The evidences of climatic changes in the
past, .which are utilized in the reconstruction of
climochronology (history of palaeoclimates) are
called indicators of past climatic changes. The
riddle of reconstruction of palaeoclimates is a
fascinating puzzle, the solution of which basically
depends on proxy data (which include alternative
soflfrces of data as substitutes for real data) and
logical deductions by the investigators. It may be
mentioned that recorded data of weather and
climate are available only since industrial revolu-
tion, more precisely for the last 100 years or so, and
hence proxy data for recorded data are the only
indicators to decipher the pages of past climatic
history and changes on the basis of Huttonian
theory of uniformitiarianism (postulated by Scot-
tishgeologist, James Hutton in the year 1785). This
theory was based on two concepts of Hutton,
namely (i) ‘present is key to the past , and (ii) no
wstige of @ beginning, no prospect of an end. The
Principle of uniformitarianism states that the same
physical processes and laws that operate today,
°perated throughoutgeological time, although not
~cessarily always with the same intensity as now
button postulated same intensity of processes
throughoutgeological time).

The indicators (dues) of palaeoclimates

be classified on the basis of basic sources as
rrHows:

(1) Biological Indicators
(A) Floral indicators
(i) fossil remains of plants -«
(i) fossilized pollens
(iii) oxygen isotopes
(iv) tree ring growth
(dendrochronology))
(B) Faunal indicators (evidences)
(i) fossilized animal remains
(i) distribution and dispersals of ani-
mals
(2) Geological Indicators
(A) Terrigeneous ancient deposits
(i) lacustrine deposits
(varves)
(ii) evaporite deposits
(iii) sedimentary deposits (coals)
(B) Marine deposits
(i) sea floor deposits
(C) Pedogenic indicators
(3) Cryogenic Indicators
(A) Glaciation
(i) ice ages
(ii) glaciers and glaciation
(iii) ice sheets and ice cores
(B) Periglacial evidences
(4) Tectonic Indicators
(A) Plate tectonics
(i) pole wandering and continental
drift
(ii) palaeomagnetism and sea floor
spreading
(B) Sea level changes
(5) Geomorphological Indicators
(A) Morphological features
() erratics
(i) sand dunes
(iit)  river terraces
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(iv) duricrusts
(v) pediments
(iv) tors
(B) Geomorphological processes
(6) Historical Records
(i) flood records
(i) drought records

(iti) migration of man and animals

1. Biological Indicators

The fossilized organic remains of plants
and animals (i.e. organic residues) provide signifi-
cant evidences and proxy data for contemporary
climatic conditions mainly temperatures and
moisture. It may be mentioned that the nature and
types of organisms and their habitats are deter-
mined by a climatic type. After their deaths the
plants and animals are preserved in the forms of
fossilized organic remains in the contemporary
and subsequent geological formations. The analy-
sis of such organic fossils through the application
of proper techniques (e.g. carbon dating, oxygen
isotope analysis, pollen analysis, dendrochronology
etc.) reveals important clues to decipher contem-
porary pastclimates. The biological indicators fall
under two broad categories e.g. (1) plant (floral)
indicators, and (2) animal indicators (faunal
indicators).

(1) Plant (floral) Indicators

Presently, there is very close correspond-
ence between the distribution of climate types and
vegetation types. Based on the principle of
uniformitarianism, as stated above, and the con-
cept of ‘present is key to the past’ it may be opined
that similar relationships and conditions might
have prevailed throughout geological history of
the earth. Thus, on the basis of fossilized plant
remains, the vegetation type is inferred and such
inferred information (proxy data) provide clue to
determine the nature of climate. For example, the
existence of coals having remains of tropical
forests, in the north-west Europe and Great Britain
remind us hot and humid climate of these areas
during Jurassic period. The plant physiology gives
sufficient information about climatic conditions.

For example, the fossil remains of plants having
long roots, thick barks, waxy leaves, thorns, litfe
leaves etc. indicate warm and dry climate (warm
desert climate), while plants having drip leaves
are indicators of warm and very moist conditions
(tropical rainforest climate). Now question arises,
why plant physiology indicates a particular
climate? The answer is simple, the physiological
characteristics of plants are indicative of their
adaptation to particular type of climatic condi-
tions. A few more examples may be cited. The
vegetation community having sclerophyllouschar-
acteristics (stiff and hard leaves and stems with
thick barks) can withstand extreme aridity of
summer season. The plant remains of such
sclerophyllous vegetation indicate dry summer
and wet winter climate (Mediterranean type of
climate). The cryophyte vegetations are well
adapted to severe cold conditions as they develop
such unique features which enable them to
withstand extreme cold conditions. Thus, the
fossil remains of cryophyte plants indicate cold
climatic conditions (tundra climate).

The remains of vegetation in the thick coal
seams of Carboniferous period worldover are
related to horsetails and club mosses which
develop in marsh and swamp environment. The
fossil remains of trees in Carboniferous coal
seams do not indicate annual ring growth which
reveal the fact that such trees thrived in warm and
moist climate with no appreciable seasonal
contrasts.

Pollen Analysis

The pollen analysis involves the inference
of climatic conditions on the basis of dating of
fossilized pollen grains preserved in the inorganic
sediments layers. It may be mentioned that pollen
grains of flowering plants are very durable organic
substances which are duly preserved by the nature.
The pollen grains are distributed by wind in wide
areas having similar type of vegetation. The
science of palynology, which is the study of pollen
grains and spores of plants, helps in identifying
the types of vegetation on the basis of pollen
grains, and the vegetation types give clues for
deciphering the climate in which that vegetation
type might have developed. The pollen analyst
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involves the identification of layered sequence of
pollen grains in the terrigenous sediments, the
dating of pollen grains of each layer, determina-
tionofvegetation type ofeach layer and finally the
determination of climatic condition of each
vegetation type (fig. 15.1). Fig. 15.1 depicts the
pollen analysis technique wherein the fossilized
pollen grains preserved in lacustrine deposits of
lower, middle and upper layers denote dominance
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of pine in the lower layer, prevalence of pine and
spruce in the middle layer, and oak, beech and
spruce species of trees in the upper layer under the
modern plant covers. On the basis of the principle
of uniformitarianism, the lower and middle layers
having pollen grains of pine and spruce indicate
cool climate while the upper layer containing
pollen grains of oak, beech and spruce trees reveals
the prevalence of warm and moist climate.

Fig. 15.1 :Presentation ofsimplified, method ofpollen analysisfor the reconstruction ofpalacoelimates. After J.E.

Oliver and J.J. Hindore, 2003.

It may be remembered that pollens of
flowers of plants are blown away by winds, they
settle down on land surface as well as water
surfaces of lakes, ponds etc. The pollens deposited
on land surfaces may decay after lapse of time but
pollen grains falling on water surfaces sink down
and are deposited in the layers of sediments. The
pollens so fossilized in different sedimentary
layers are identified and their plant species are
determined. The identification of plant species on
the basis of their pollen grains then helps in
determining the climatic conditions on the basis of
present relationship between plant types and

a**ociated climatic conditions.

Inspite of wide use of pollen analysis
technique in determining vegetation types and
associated climatic conditions this method suffers
from the following shortcomings.

(i) In the case of mixed vegetation area
having several plant species, the pollen grains are
mixed and in such circumstances it becomes
difficult to separate pollen grains of dominant and
co-dominantplant species and hence thistechnique
fails to give desirable result.

(if) The winds can carry the pollen grains and
depositthem indistant places away from the area of
the vegetation of which the pollens have been

blown away.



(iii) Not ail the pollens of vegetation of a
region are deposited, rather they are deposited
selectively and randomly, and hence they may not
be taken as representatives of particular vegetation

type. '

(iv) The distribution of vegetation has been
tempered and modified by human actions, both
advertent and inadvertent and hence pollen
analysis would notbe useful for the reconstruction
ofclimates ofrecent past mainly since the neolithic

times.

(v) ‘A vegetation cover only attains matu-
rity after fairly a lengthy period of time, and it is
quite feasible that the vegetation established
through pollen analysis represents successional
stage that is not totally representative of the
prevailing climate’ (Oliver and Hidore, 2003).

Dendrochronology

Dendrochronology is the science that deals
with ‘the study of the annual rings of trees in
determining the dates and chronological orders of
pastclimatic events’. The ring growth of the trunk
and stem of a tree provides significant clues for
detecting seasonal rhythms of climate during the
life time of the concerned tree. The thickness and
spacing, and colour of growth rings indicate the
climatic conditions and rate of annual growth of
trees. The widely spaced thick growth rings denote
warm and moist climate wil~fefficient rainfall to
support luxurious and quick growth of trees, while
narrow and closely spaced tree growth rings denote
arid climate and poor growth of trees. The colours
of growth rings also denote seasonal weather
conditions. ‘The abrupt change from light to dark-
colouredrings (growth rings) delineates the annual
increments of growth’ (Oliver and Hidore, 2003).
It may be mentioned that the study and interpreta-
tion of different aspects of tree rings such as, the
size (thick or narrow), number, colour shades,
symmetry or asymmetry etc. provide information
about climatic and environmental variations sus-
tained by the concerned tree during its life time and
hence the climatic events which happened in the
recent past, say 3000-4000 years before present
may be reconstructed on the basis of
dendrochronological characteristics.

The study of tree ring growth,

dendrochronology,was initiated by A. E.

and his team at the University of Arizona, USA
After the analysis of growth rings of trees in the
southwestern USA he found close relationship
between annual amount of rainfall and growth
rings in the adverse climatic conditions of the S.
W. United States. The scientists have become
successful in reconstructing the climatic condi-
tions and environmental changes for the last 3000
years on the basis of analysis of growth rings of
living trees, and for the last 5000 years on the basis
of fossils of dead trees. The scientists at Labora-
tory of Tree Ring Research, University of
Arizona, USA, have also derived logical and
fruitful inferences about the relationship between
weather elements (e.g. temperature, air pressure,
and atmospheric circulation patterns) and widths
and spacing of tree rings. Such relationships have
also been used to demonstrate climatic fluctua-
tions which took place during the life time of trees.

Dendrochronology also helps in recon-
structing the advances and retreats of glaciers in
the recent past on the basis of shapes of tree
growth rings like concentric (symmetrical) growth
rings or asymmetrical rings. It may be remem-
bered that growth rings become concentric and
symmetrical as long as the trees remain perfectly
erect (perpendicular to the ground surface) but
become asymmetrical when the trees are tilted. It
isargued that trees are erect when the glacial ice is
away from the position of trees but they are tilted
when ice comes close to the trees. Thus, erect trees
and resultant concentric and symmetrical growth
rings are indicative of withdrawal or retreat of
glaciers while asymmetrical rings reveal advanc-
ing glaciers. It may be mentioned that tilting of
trees and resultantasymmetrical growth rings may
not be always due to glacial advancement, rather it

may also be due to landslides, gusty winds, strong

storms etc.
f ’%‘*c ’
(2) Faunal Indicators - N

Identification and analysis of
invertebrate animal remains embedded
sedimentary formations provides si
about the climatic conditions that existed
the period of their survivals. In this re;
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physiological characteristics of fossils of inverte-
brate animals (without backbones) and their
chemistry are of vital significance wherein two
techniques are used to determine their age, namely
(1) radiocarbon dating (C-14 analysis), and
(2) isotope analysis.

The analysis of fossils of bones of inverte-
brate animals helps in determining the lithological
successions of sedimentary formations containing
animal fossils and thereafter the sequences of
palaeoclimates are reconstructed on the basis of
dating of animal fossils and sedimentary layers. It
may be remembered that animal fossils are mostly
preserved in the bottoms of oceans, lakes and
rivers which provided them suitable habitats for
their development and survival. Each species of
tiny creature (e:g. foraminifera) survives in
certain temperature and moisture condition. After
death such creatures are embedded in the mud
layers of water bodies. The mass deaths of certain
species of micro-organisms take place when the
temperature and moisture conditions change and
become unfavourable to them. New species of
organisms develop in accordance with new
temperature and moisture regime. This process
continues and fossils of animals are deposited in
the successive layers of bottom sedimentary
layers of seas, lakes and rivers. After determining
the lithological successions, the animal fossils in
each layer are identified and their dates are
determined on the basis of carbon-14 analysis. On
the basis of the principle of ‘uniformitarianism’
(thecomparison ofanimals of aparticular geologi-
cal period as determined on the basis of C-14
analysis, with identical animals at present provides
theclimatic conditions in which they lived on the
ground that same physical processes and laws
which operate today operated throughout geologi-
cal periods) the climatic conditions of that particu-
lar period is inferred.

The radiocarbon dating method or carbon-14
analysis requires obtaining of cores of mud layers
containing animal and plant fossils from the floors

oceans, lakes, and river valleys and the dating
°f the fossils is accomplished through the analysis
carbon-14 and carbon-12 contained in the
skeletons of the fossilized animals. It may be
Mentioned that skeletons of dead animals ‘contain

both ordinary carbon and minute trace of isotope
carbon-14. The proportion of carbon-14 to car-
bon-12 remains fixed while the organism is alive.
After it dies the carbon-14 begins to decay; by
knowing the ratio of carbon-12 to carbon-14, one
can determine the age of the shelF (Oliver and
Hidore, 2003).

The isotope analysis of the chemistry of
skeletons of fossilized animals also helps in
determining palaeoclimates on the basis of tem-
perature and moisture conditions which are
inferred from the body chemistry ofdead animals.
Oxygen has three non-radioactive isotopes e.g.
0 17,0 18and O 16out of which the first two isotopes
are not very common but the last one iS common
and normal isotope. After the evaporation of
water, these isotopes crystallize at different rates
in the shells i.e. O 18 isotope settles down more
rapidly than the O 16 isotope because the latter is
lighter than the former isotope (O 18). It may be
mentioned that the rate of crystallization of oxygen
isotope is controlled by temperature. The number
of settling O 18 isotope decreases with increase in
the temperature of ocean water. Thus, on the basis
of number of oxygen isotopes contained in the
shells of dead animals the prevailing temperature at
the time of the existence of particular animal is
determined. For this purpose again the cores of
mud layers from the floors of oceans, lakes and
river valleys are out, oxygen isotopes of
shells of each mud llyer are determined, tempera-
ture condition for each mud layer is inferred and
finally temperatures prevailing at the time of
deposition of animal skeletons and mud layers are
used to ascertain climatic changes.

Two important research projects, namely
CLIMAP (Climate, Longrange Investigation, Mapping
and Prediction) and COHMAP(Coopt.aliveHolocene
Mapping Project), were concerned with the study
of climatic changes which might have occurred in
the recent past on the basis of carbon-14 analysis
and isotope analysis of skeletons of organisms
embedded in the mud layers at the floors of the
oceans. The CLIMAP studies concentrated on the
reconstruction o f palaeoclimates of about 1,000,000
years before present, while COHMAP project
studied the palaeoclimates of the past 10,000
years only.
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The occurrence of large numbers ot animal
fossils in close proximity of aregion denotes the
fact that they might have been killed during a
catastrophic disasters e.g. advancing ice sheets
and freezing, severe droughts, meteoric collision
with the earth (as is supposed to have happened
during Cretaceous period killing dinasaurs enmass)
etc. On the basis of such evidences one can infer
the climatic and environmental conditions at the
time of concerned catastrophic disaster.

2. Geological Indicators

Geological indicators (evidences) of
palaeoclimates include lithological characteris-
tics of mainly sedimentary deposits such as
lacustrine deposits (varves), evaporites. lime-
stones and coal seams, marine deposits (sea floor
deposits), soil profiles etc. Varves are the alternate
sequences of layers of fine silts and clays deposited
atthe floors of lakes and large ponds in such an area
which is characterized by alternate freezing and
thawing during winter and summer seasons respec-
tively. Thus, the lithological sequences of lacustrine
depositsinthe aforesaid condition denote periglacial
climate. The analysis of annual layers of silt and
clay provides an idea of seasonal changes in
climate. It may be mentioned that when the surface
freezes during winter season, very fine suspended
clay particles are deposited in the lakes and ponds
but during summer season, when frozen surface
thaws (melts), silts with melt water are deposited in
the lakes and ponds. Such type of annual banded
alternate layers of clay and silt denote periglacial
climate.

Evaporite deposits, represented by salt
deposits, occur when climate is characterized by
high temperature and aridity wherein evaporation
exceeds precipitation. In such circumstances
water is evaporated and salt contents are left
behind. It may be mentioned that this happens
only when water on land is saline and thus salt is
in solution form. So, the massive salt rocks
deposited on land surfaces, such as in South-W est
USA, Germany, Central Asia, North-West India
(mainly Rajasthan and Gujarat), denote hot and
arid climatic environment.

Limestones (CaC03) containing calcium
carbonates are deposited in tropical warm oceanic

waterand hence the occurrence of limestonesin the
regions having cold climates denotes the fact that
the concerned region was under tropical warm
climate at the time of limestone deposition.

Duricrusts are indurated hardened surfaces
of different kinds such as laterites, silcretes
calcretes, alcretes, ferricretesetc. depending on the
dominance of constituent minerals. Normally,
lateritic crusts are supposed to have been formed
in hot and humid climate of tropical and subtropi-
cal areas and therefore these are indicative of hot
and humid climate. Lateritic crusts are predomi-
nantly found in Chotanagpur high lands (Patlands
of Ranchi and Palamau plateaus of Jharkhand),
and over many areas of Deccan plateau (e.g.
Mahabaleshwar and Panchgani plateaus of
Maharashtra). The presence of lateritic crusts in
certain parts of Europe (e.g. U.K. and Germany)
clearly demonstrates the fact that these are not the
result of the present temperate climate. ‘Such
crusts are often interpreted as of Tertiary age, or as
having been under continuous formation since the
end of the Mesozoic. Exposures of silcretes and
calcretes similarly are often related to past rather
than present climatic conditions’ (D. R. Stoddart,
1969).

Pedogenic criteria used to decipher past
climates, include the analysis of palaeosols and
fossils of plants and animals therein. The alluvial
soils buried in older flood plains give indication of
moist climate and the dominance of fluvial
processes. The older loessic soils indicate dry
climate and the dominance of aeolian process.
Even the materials involved in the deposition of
loess also give clues for climatic conditions. The
extensive loess deposits of China having areal
coverage of 774,000 km2and thickness of 90 m to
300 m consist of materials blown from the deserts
of central Asia while the European loess isexample
of glacial loess. The American loess, extensively
found in Illinois, lowa, Nebraska etc. is partly
glacial and partly desert loess. The datermination
of palaeoclimates on the basis of fossil remains in
the soils is accomplished through radiocarbon
dating and isotope analysis, which have already
been explained in the previous subsection on floral
and faunal indicators.
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3. Cryogenic Indicators

Cryogenic indicators are related to the proxy
data from the evidences of glaciation, glaciers and
icesheets. The science dealing with glaciation and
glaciers is known as glaciology. The processes of
glaciation and deglaciation provide significant
proxy data for climatic changes and fluctuation.
The period of widespread glaciation of larger areas
of the globe is called greatice age which comprises
several glacial and interglacial periods. The glacial
period denotes onset of cold climate and advance
of ice sheets while interglacial periods indicate
relatively warmer periods when ice sheets retreat.
The geologists, glaciologists and climatologists
have identified a few great ice ages (e.g. pre-
Cambrian ice age, Carboniferous ice age, and
Pleistocene ice age) when major portions of the
globe were glaciated and covered with thick ice
sheets which are definite indicators of major
climatic changes.

Credit goes to European school of
geomorphologists and glaciologists for identifica-
tion and recognition of ice ages. Louis Agassiz
(1807-1873 A.D.) is given credit for an early start
in this precarious field and for the recognition and
identification of the presence of ice age during
Pleistocene period as he presented his ideas in the
year 1840. A host of geoscientists, namely Jean de
Charpentier, John Playfair (1815), Venetz of
Switzerland (1821, 1829), Esmark of Norway
(1824), Bernhardi of Germany (1832) etc., studied
different aspects of Pleistocene ice age. The
Scottish geologist James Geikie postulated the
concept of ‘great ice age’ in 1894 which s
comprised of several glacial periods which are
separated by warm interglacial periods. A. Penck
and Bruckner identified four glacial periods during
Pleistocene ice age e.g. Gunz, Mindel, Riss, and
Wurm which were separated by three warm
interglacial periods. Similarly, four glacial periods
(e.g.Nebraskan, Kansan, Illinoin, and Wisconsin)
and three interglacial periods (e.g. Aftonian,
Yarmouth, and Sangman) were identified during
Pleistocene glaciation of North America. Most of
Gondwanaland was glaciated during Carbonifer-
ousice age.

The shapes of glaciated valleys, glacial
drifts, erratics (glacial boulders), striations etc.
provide important clues for climatic changes.
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The glaciers and ice layers provide evi-
dences for temperature and precipitation condi-
tions during different phases of ice ages. Advanc-
ing glaciers and ice sheets indicate cold phase and
lowering of temperature much below freezing
point, while retreat of ice sheets heralds increase in
temperature and subsequent ablation of glaciers
demonstrates onset of warmer climate. The glaciologists
have demonstrated the retreat of Alpine glaciers
and resultant shrinking in their length and width
about 3000 B.C. (i.e. about 5000 ybp, years before
present), followed by re-advance of glaciers about
500 B.C. (i.e. 2500 ybp) and again retreat of
glaciers. The Alpine and Scandinavian glaciers
registered resurgence in the 17th and 19th centuries
while they again started to retreat in the 20th
century. All these indicate climatic fluctuations
characterized by cooling (advance ot glaciers) and
warming (retreat of glaciers) periods during the
past 5000 years in European continent.

Ice sheets and ice cores are most significant
cryogenic indicators of palaeoclimates. It may be
remembered that the ice sheets are formed by the
deposition of several layers ofice. The accumulated
snow from theannual snowfall iscompressed and is
changed to ice wherein the air bubbles and
atmospheric dusts are trapped. Thus, every year a
layer of ice is deposited upon underlying ice layer.
Itisevident that the great ice caps of Greenland and
Antarctica are comprised of numerous ice layers
wherein the then climatic conditions have been
preserved. Thus, the study of each ice layer
provides ample evidence of the weather and
climatic conditions at the time of its formation. The
drilling into ice caps is undertaken to obtain ice
cores for analysis. The following properties of ice
layers derived from the ice cores provide proxy data
for temperature, precipitation, composition of

atmosphere, storminess, volcunic events, atmos-
pheric pollution etc.

(i) thickness of annual ice layers-»
precipitation
(it) chemical analysis of annual ice layers
—> temperature
(iit) air bubbles trapped in the annual ice

layers — atmospheric
composition
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(iv) dust contents trapped in the annual ice
layer -» atmospheric

circulation
and storminess

(v) acid content in the annual ice layer-»
volcanic events

A few studies of ice cores from Greenland
ice sheets (namely, Greenland Ice Sheet Project 1
and 2, GISP-1land 2) and Antarctica ice sheets have
revealed sequences of climatic variations for the
last 110,000 years and 160.000 years respectively.
The analysis of ice cores to obtain climatic records
is based on isolopes of oxygen (two very common
isotopes are ,60 and 180) wherein the ratio of 160
to ,80 provides information about the existing
environmental temperatures at the time of the
formation ofannual ice layers. The isotope analysis
of ice cores also reveals relationship between
global warming and concentration of greenhouse
gases (e.g. carbon dioxide, methane etc.), and level
ofatmospheric pollution caused by anthropogenic
sources since the period of industrial revolution.
Besides, the concentration ofradioactive elements
in the atmosphere and their fallout emitted during
nuclear plant disasters (for example, Chernobyl
nuclear disaster) and testings of atomic devices,
can be measured through the analysis of annual ice
layers. The ice core analysis also reveals informa-
tion about the levels of sulphate content in the air
emitted from the volcanic eruption. With the
improvements in the technologies of obtaining ice
cores, studies are carried out to reconstruct the
atmospheric conditions mainly temperature varia-
tions and climatic fluctuations for the past 200
years or so on the basis of the analysis of ice cores
derived from mountain ice sheets in the tropical
and subtropical areas.

The evidences of periglacial features and
deposits found in such areas which at present do not
have periglacial environment, indicate earlier
periglacial climate of those areas. The term
periglacial literally means around the ice or
peripheral to the margins of the glaciers but now
this term is used for both ‘periglacial landscape*
and ‘periglacial climate’. Periglacial areas are
those which are in permanently frozen condition
but without permanent ice cover on the ground
surface. The periglacial climate ischaracterized by
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mean annual temperature ranging between
-1°C and —15°C and mean annual precipitation of
120 mm to 1400 mm (mostly in solid form). Many
parts of Europe and South-West USA presently do
not have periglacial climate but have relict
periglacial features which demonstrate that such
areas were under periglacial climate in the past.

4. Tectonic Indicators

The tectonic movements involving plate
movements, pole wandering, continental drifts,
orogenesis, palaeomagnetism, topographic .fea-
tures etc. and seafloor spreading and sea level
changes are significant indicators of palaeoclimatic
changes. A. Wegener, a German meteorologist,
was primarily concerned with the problem of past
climatic changes. It may be pointed out that there
are ample evidences, as discussed above, which
indicate widespread climatic changes throughout
the past history of the earth. Infact, the continental
drift theory of Wegener ‘grew out of the need of
explaining the major variations of climate in the
past'. The climatic changes which have taken
place on the globe may be explained in two ways
as follows :

(1) If the continents remained at their places
throughout geological history of the earth, the
climatic zones might have shifted from one region
toanotherregion and thus a particularregion might
have experienced varying climatic conditions from
time to time.

(2) If the climatic zones remained station-
ary, the landmasses might have been displaced and
drifted.

Wagener opted for the second alternative
and postulated the concept of ‘continental drift’ or
‘displacement hypothesis’ to explain the global
climatic changes on the basis of a number oOf
geographical, geological, palaeontological etc.
evidences. The plate tectonic theory as an outcome
of post-Second World War advancement (mainly
in the 1960s) in geotectonics, the evidences of
palaeomagnetism and seafloor spreading have
validated the concept Ofpolewandering (shifting of
the positions of the poles) which help in the
reconstruction of climochronology mainly global
climaticchangesduring Carboniferousand Pleistocene
Ice Ages and widespread glaciation.
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It has been demonstrated that plate move-
ments during Cenozoic era displaced major
continental blocks in the middle and high latitudes
in the northern hemisphere and thus such north-
ward displaced continental masses were subjected
to the dominance of cold climate resulting into
widespread glaciation (such as major parts of
North America and Eurasia) during Pleistocene
period (known as Pleistocene Ice Age and
Pleistocene glaciation). On the other hand, moun-
tain ranges of Tertiary period, formed due to
collision of convergent plates and consequent
subduction of heavier plate and lateral compres-
sion, and high plateaus, became effective barriers
in controlling the global atmospheric circulation
and generating a few new climatic types such as
monsoon climate of South Asia (due to relief
barriers of the Himalayas and Tibetan plateau).
The investigations regarding the impacts of
tectonic movements on climatic conditions have
revealed strong relationship between horizontal
plate movements leading to seafloor spreading
along divergent plate boundaries and orogenesis
along the convergent plate boundaries, vertical
movement (tectonism) leading to upliftment and
subsidence and climate change. The changes in
global pattern in plate motions cause changes in
climates at global scale.

5. Geomorphological Indicators

The geomorphological processes and
landforms resulting therefrom have been directly
related to particular climatic type on the concept
thateach climatic type produces its own character-
istic assemblage of landforms and set of
geomorphological processes which shape them on
the basis of the following themes :

(1) Landforms differ significantly in dilfer-
entclimatic regions.

(2) Spatial variations of landforms in
different climatic regions are because of spatial
variations in climatic parameters (e.g. temperature,
humidity, precipitation etc.) and their influences
on weathering processes, erosion dynamics and
surface runoff.

(3) Quaternary climatic changes could not

obscure relationships between landforms and
climates.
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In other words, there are certain diagnostic
landforms which clearly demonstrate climate-
landforms relationships.

Thus, on the basis of diagnostic landforms,
the inference of climatic conditions at the time of
the formation of such landform, is drawn which
helps in the reconstruction of palaeoclimates.

The climatogenetic or climatically control-
led landforms are identified and differentiated in
two ways, e.g. (i) general observation and
acquaintance of whole landscape of each climatic
region, and (ii) identification of typical or distinc-
tive landforms which represent the controls of
particular climate. The typical landforms are, in
fact, main tools of climatic geomorphologists
which help them indetermining climate-landforms
relationships in different climatic regions. Such
distinctive landforms are designated as diagnostic
landforms which include duricrusts, inselbergs,
pediments, tors, glaciated valleys, glacial boul-
ders or erratics, sand dunes etc.

Duricrusts are indurated hardened surfaces
of different kinds such as laterites, -silcretes,
calcretes, alcretes, ferricretes etc. and are normally
supposed to have been formed in hot and humid
climate oftropical and subtropical areas and hence
they are indicative of warm and moistclimate. The
presence of lateritic crusts in certain parts of
Europe (e.g. U.K., Germany etc.) clearly demon-
strates the fact that these are not the result of
present climate. ‘Such crusts are often interpreted
as of Tertiary age, or as having been under
continuous formation since theend ofthe Mesozoic.
Exposures of silcretes and calcretes are often
related to past rather than present
conditions’ (D. R. Stoddart, 1969).

Inselbergs representing steep sided residual
hills are considered to be the representative
landforms of hot and arid and semi-arid climates.
It is argued that inselbergs are structurally
controlled rather than climatically controlled and
most of the present inselbergs were formed before
Quaternary period, ‘hence presentclimatesare not
necessarily those in which inselbergs were formed’
(Stoddart, 1969). Itmay be possible thatinselbergs
might have been formed when the climate was
warm and arid or semi-arid which might iiave

climatic
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Pediments, characterized by low-angle rock-
cut surfaces surrounding mountains, are also
considered to be the representative landforms ot
warm arid and semi-arid climates. Pediments are
also found in a variety of climatic conditions e.g.
tropical wet and dry climate, subtropical and
temperate climates. A few geomorphologists
argue thatpediments are structurally and tcctonically
controlled rather than climatically controlled.
L.C. King hasopined thatthe process of pediplanation
and pedimentation is universal and occurs in all
environmental conditions. In fact, ‘many arid zone
pediments are clearly polycyclic, developed during
the complex sequence of Pleistocene pluvials
(period of prolonged rainfall) and interpluvials :
Many appear to be being destroyed under present
climatic conditions, rather than being formed’
(D.R. Stoddart, 1969).

Tors, ‘oneofthemostcontrovercial landforms,
are piles of broken and exposed masses of hard
rocks particularly granites having acrown of rock-
blocks of different sizes on the tops and clitters
(trains of blocks) on the sides’ (Savindra Singh,
1977). Tors have been considered of periglacial
origin by J. Palmer and R. A. Neilson (1962), of
fluvial origin by D. L. Linton (1955), whereas L. C.
King has opined that tors are the result of universal
processes of pediplanation in different climatic
conditions. In fact, the presence of tors right from
the Dartmoor of England through Nicargua to
India has complicated the problem of the origin of
tors rather than solving it.

It may be concluded that the aforesaid
diagnostic landforms are older than Pleistocene
climatic changes, so they are definitely not related
to presentclimates where they are found. Itmay be
pointed out that climatic relation of landforms at
least in glacial, periglacial and warm desert
climates is undoubtedly confirmed. So, such
landforms may provide definite clues to recon-
struct past climates.

It is an established fact that different
geomorphological processes work in different
climatic regions because the geomorphic proc-
esses originate from the atmosphere and their
nature (type, e.g. whether fluvial, or glacial, or
periglacial or aeolian etc.) depends on the combina-
tions of temperature and precipitation. Thus, the

nature of geomorphological processes in the past
geological history of the earth helps indeciphering

the climatic conditions in which a particular
process was predominant.

The presence of glacial boulders or erratics
in a region presently having other than glacial
climate, may it be warm tropical or temperate
climate, reminds us the fact that the region was
glaciated at the time of formation and deposition
of these erratics. Similarly, the presence of frost-
riven cliffs, tors, altiplanation terraces, patterned
grounds (having stone rings, polygons, garlands,
stripes etc.), thcrmokarst lakes, nivation hollows,
involutions, pingos, congelifluctate landforms,
blockfields (blockmeers), boulderfields etc. tells
us the dominance of periglacial processes under
periglacial climate at the time of the development
of such landforms. The presence of glacial
boulders and erratics in the coal seams of Talcher
of Orissa (India) of Gondwana period
clearly indicates an earlier cold and glacial
climate in India having presently warm monsoon
climate.

6. Sea Level Fluctuations

Fluctuations in sea levels are considered
significant indicators of past climatic changes. Sea
level changes are of two types, namely positive
change marked by rise in sea level above datum
line, and negative change denoting fall in sea level
below datum line. Changes in sea level are effected
by (i) tectonic movements, and (ii) climatic
changes. The tectonic movements cause rise in sea
level when there isupward movement of sea floor
(ocean bottoms) or down warping of coastal areas
whereas fall in sea level iscaused by downwarping
leading to subsidence of sea floor or upwarping of
coastal lands. It may be mentioned that tectonically
induced changes in sea levels are very slow. The
climatically induced changes in sea levels are rapid
and are el tected by glacial age and advancement of
glaciers and ice sheets (fall in sea levels) and
deglaciation leading to retreat of glaciers and ice
sheets (rise in sea levels). The sequences ofrise and
fall in seu levels during Pleistocene Ice Age have
revealed several phases of glacial periods (Gunz,
Mindel, Riss and Wurm in Europe* and Nebraska
Kansan, Illinoin and Wisconsin glacial perioas in



CLIMATIC CHANGE

Fig. 15.2 : Fluctuations in sea level during last 150,000 years based on raised coral terraces and core oxygen 18
isotope data from deep sea deposits. Source : after : K.K. Turekian, 1996, in Oliver and Hidore, 2003.



North America and interglacial periods (relatively
warm periods) separating two glacial (cold) peri-
ods. Figures 15.2 and 15.3 denote fluctuations of
sea level (rise and fall) with reference to present sea
level (i.e. present datum line at o meter) about
150,000 ybp and 20,000 ybp (years before present).

7. Indicators of Historical Records

The recorded events during the existence of
human species provide valuable data lor recon-
structing the palaeoclimatic history (palaeochimo-
chronology) for the past 6000 years. It may be
mentioned that the recorded past events are related
mostly to extreme events of weather conditions
rather than regular weather conditions. Such
extreme weather events include freezing of rivers
and lakes, unprecedented floods and droughts
leading to famines, mass exodus of human migra-
tion deserting their settlements etc. A few exam-
ples will be sufficient to demonstrate the signifi-
cance of such indicators of climatic changes. The
records of temperatures of the Thames (U.K.) from
9th century A.D. to 18th century A.D. denote
increasing trend of frequencies of freezing of the
Thames river per 100 years e.g. the Thames was
frozen only once or twice per 100 years from 800 to
1500 years ago, 4 times during 16th century, 8
times during 17th century, and 6 times during 18th
century. This denotes cooling of U.K. and environs
from 800 to 1800 years before present (YBP). The
recorded data from Iceland from 900 to 1900 YBP
also demonstrate cooling of North Atlantic Ocean
between 900 and 1900 YBP. The records of high
floods in the Nile Valley since 640 A.D. reveal
increase inrainfall in the source regions of the Nile
river. The records ofdroughts in the south-western
arid and semiarid United States of America and
Sahel region or Sub-Sahara region denote acute
deficiency in normal rainfall and resultant extreme
aridity.

15.4 RECONSTRUCTION OF
CLIMOCHRONOLOGY

Climochronology may be defined as system-
atic description ofclimatic conditions and climatic
changes in terms of geological history of the earth
i.e. past climates of each period of the earth’s
history. The reconstruction of palaeoclimates i.e.

climochronology means rearranging of climatic
history of the globe or part thereof on the basis of
indicators/evidences of plaaeoclimates. The de-
scription of climochronology ofthe world may be
attempted in the following heads.

(1) Climatic changes during geological
periods,

(2) Climatic changes during Quaternary
period, and

(3) Climatic changes in the recent past
(about past 1000 years or so).

1. Climatic Changes Through
Geological Periods

The geological history of the earth or the
‘geological clock’ refers to the reconstruction of
evolutionary sequences of the geological events
involving the information of various zones (crust,
mantle and core) of the earth, formation and
evolution of geomaterials (rocks), formation and
development of mountains and faults, evolution of
different lives etc. The whole geological history
right from the origin ofthe earth to its present form
has been divided into major and minor periods on
the basis of forms of life (organic remains),
characteristic rock deposits, places of rock forma-
tion, major tectonic events etc. The whole geologi-
cal history of the earth has been divided into five
eras (the largest time division of the earth’s history
has been termed Era) based on five major groups of
deposits as follows:

Major Groups of Eras
Deposits
(from youngest to oldest)
Cenozoic
Cenozoic group (era of recent life)
Mesozoic group Mesozoic

(eraof medieval life)
Proterozoic

(eraof earlier life)

Archaeozoic

(eraof primeval life)

Each era is numbered in sequence as first
(primary), second (secondary), third (tenmy)aad
fourth (quaternary) epoch. Further, each

Proterozoic

Archeozoic
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divided into several periods. The names of periods
have been assigned on various grounds e.g. names
ofthe places of characteristic systems of deposits,
the names oftribes, the characteristics of deposits,
dominance ofcertain elements and minerals etc. as
follows:

Palaeozoic palaeo (ancient), zoe (German)-
life
Mesozoic mesos (German) means middle

>ic Kainos (German) means new

Cambrian

Ordovician

Silurian

Devonian

Carboniferous

Permian

Cambria or Wales (place) in U.K.

Ordovices (a British tribe in N.
Wales)

Silurs (a British tribe in S. Wales)

Devonshire (place and region in
U.K.)

dominance of carbon (coal)

perm (a province in erstwhile

USSR
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Triassic three-fold division of deposits in Some scientists have put together all the
Germany, ‘trias’ means triple geological events of the past history of the earthin
. . . . the form of a clock. Thus, the spiral system
Jurassic after Jura mountains in Switzer- . . .
land representing the whole geological and geomorphic
an . . .
. . history together is called as ‘geological clock’
Cretaceous creta (Latin) means chalk, domin- y g - g g
. . wherein one billlion years represent each revolu-
ance ofabundantdeposits of white ) ) i
- tion of the clock’s arm. Each revolution is
writing chalk o . L
further subdivided into ‘hours’ where each divi-
Eocene Eos means day break . o d L i d
Oligocene Oligos (German) means little ?'O_n ( Oljr) corresponds _'fO 00 million years an
Miocene Meion (German) means smaller mlnutes_ represent the time period of _10 minion
Pliocene Pleion (German) means greater years. Fig. 15.4 represents the geological leock
. . suggested by Frank Press and Raymond Siever
Pleistocene Pleistos means most 1974
Holocene Holo means complete ( ):
Table 15.1 : Geological Time Table (from youngest to oldest)
Eras Epochs Periods Duration Ice Starting time
(million years) Age before present
(million years)
Neozoic Quaternary 2. Holocene or
Post-glacial Pleistoecene
1. Pleistocene 0.990 ice age 4 1.000
Cenozoic Tertiary 4. Pliocene 10.000 11.000
3. Miocene 14.000 25.000
2. Oligocene 15.000 40.000
1. Eocene 30.000 70.000
Mesozoic Secondary 3. Cretaceous 65.000 135.000
2. Jurassic 45.000 180.000-
1. Triassic 45.000 3 225.000
Palaeozoic Primary 6. Permian 45.000 Carboniferous 270.000
5. Carboniferous 80.000 ice age 350.000
4. Devonian 50.000 age 400.000
3. Silurian 40.000 2 440.000
2. Ordovician 60.000 Ice age 500.000
1. Cambrian 100.000 (450-430 m ybp)  600.000
Pre-Palaeozoic Pre-Cambrian Pre-Cambrian 700.000
or Algonican ice age (850-
Azoic or Archaean Archaean 600 m ybp) 800.000
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Pre-Palaeozoic Era

Very few geological evidences are available
to reconstruct the climatic history of early pre-
Palaeozoic era. Inferences have been drawn on the
basis of lithological evolution and evidences
thereof, numerical models and deductions. The
earth changed from gaseous state to liquid state
after its origin. The solid crust was formed due to
cooling and solidification of liquid materials. This
phase was followed by the formation of dense
atmosphere surrounding the earth. Due to gradual
butcontinued cooling and contraction of the earth
and resultant condensation of water vapour there
began the precipitation process which ultimately
resulted into the development ofrivers and seas. It
is assumed that the earliest climatic phase of the
earth’s atmosphere was warm with average (as-
sumed) atmospheric temperature of 37°C about
4250 MYBP (million years before present) which is
supposed to have dropped to 25°C about 2500
MYBP. Such assumptions and calculations are based
on the estimate that the concentration of carbon
dioxide (CO2 might have been much higher in the
earliest atmosphere than at present and thus the pre-
Palaeozoic climate mighthave been very warm due to
green house effect of the early atmosphere.

The sequence of warming was broken by
many glacial periods as indicated by glacial
deposits, a few glacial features, striated surfaces,
sedimentary data etc. found from Gowganda,
Ramsey lakes, Bruce formations etc. in the
Ontario province of Canada. These indicators
reveal the existence of probably the first ice age,
known as Huronian Glaciation (on the basis of
Lake Huron of Canada and USA) which is
supposed to have occurred about 2700 MY BP and
mighthave continued upto 1800 MYBP. The earth
again experienced warm climatic phase which
continued upto 950 MYBP.

The late pre-Cambrian period issupposed to
have been again under cold climatic phase wherein
three glacial periods might have occurred when
me°stofthe earth’s surface was glaciated.

A"Nnbrian Period

The geological characteristics of rocks of
PA-Cambrian period which started about 700
~Bp (million years before present) denote that
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dense atmosphere was formed around the earth.
Due to gradual but continued coofing and contrac-
tion of the earth and resultant condensation of
water vapour there began the process of precipita-
tion which ultimately resulted into the develop-
ment of rivers and seas. The sequence of warm
climate was broken by many glacial periods
resulting into the beginning of perhapse the firstice
age known as pre-Cambrian ice age having a time
span from 850 MYBP to 600 MYBP. Among the
plant kingdom only marine grasses were evolved.
The three pre-Cambrian glacial periods known as
Gnejso, Sturtian, and Varangian glacial periods,
continued from 950 to 650 MYBP.

Palaeozoic Era (650-600 to 250 MYBP)

The early Cambrian period is supposed to
have been in cold climatic phase leading to ice age
during which the glaciation was more widespread
than pre-Cambrian ice age. This> connotation* is
validated on the basis of the presence of ancient
early Cambrian morainic deposits in Greenland,
Scottland, Scandinavia, China, South America
southern parts of Africa, Australia etc. representing
both the hemispheres. This cold phase was
followed by warm climatic phase which became
responsible for the evolution of life mainly plants
in water bodies i.e. seas. Most of the vertebrate
animals including 1000 species were evolved in
the seas but these are not found at present. These
animals depended on marine grasses for their
food. Though evidences from ancient organisms
and sedimentary deposits suggest warm climatic
phase during Cambrian and early Ordovician
periods but some evidences from Sahara indicate
little ice phase, if not ice age, during late
Ordovician period. The Silurian period again
became warm and this phase continued into
Devonian period. The evidences denote warm
tropical climate of most of the northern hemisphere
including North America, Europe and China,
characterized by warm and semi-arid climate. The
Devonian period was also characterized by the
evolution of green land plants and a large number
of species of fish. Amphibians were evolved
towards the end of Devonian period. There was
dispersal of vertebrate animals from seas to
areas due to such flora on land areas which
provide them food.
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The Carboniferous period experienced con-
trasting climatic conditions in the northern and the
southern hemispheres. Most of the coals of Nofth
America and Europe were deposited during this
period. The northern hemisphere was characterized
by warm tropical climate having both warm dry and
warm wet climates which became responsible for
dense vegetation cover in the northern hemisphere.
On the other hand, most of the southern hemi-
sphere, say Gondwanaland, was under cool cli-
matic phase leading to widespread glaciation
known as Carboniferous Ice Age which is sup-
posed to have continued from middle and late
Carboniferous period to early Permian period. The
climatic hazard of such widespread glaciation
became responsible for extinction of numerous
plantand animal species. With increasing seasonal
variations in the climatic conditions the ratio of
evergreen trees continued to decrease. Conse-
quently, the deciduous trees which could resistdry
weather and frost, were evolved. The number and
species of land animals further increased and
numerous species of mammal-like reptiles were
evolved but these soon perished. By the end of
Permian period the southern hemisphere recovered
from Carboniferous glaciation due to retreat and
ablation of ice sheets.

Mesozoic Era (225-70 MYBP)

The climatic condition during Triassic
period was warm and dry but it became wet by the
end of this period. Consequently, coniferous trees
and ferns were developed in the northern hemi-
sphere. For the first time, mammals evolved from
reptiles on land areas. The Jurassic climate became
subtropical. The rainfall was such that dense
vegetation could be evolved and developed in
many areas. For the first time, flowering plants
(angiosperms) were evolved during this period.
Land areas were dominated by forests and swampy
plains having lakes and meandering rivers. Creta-
ceous period was marked by warming of high
atitudes which made the growth of vegetation
possible upto Greenland. Deciduous trees flour-
ished because Of seasonal regime Of climate The
oxygen isotope analysis of deep sea cores having
benthic and plankton fossils (300 planktons)
provide ample data for inferring temperatures of
oceansm both low andhigh latitudes. The later half
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of Cretaceous period witnessed cooling of high
latitudes due to northward displacement of land
areas of Angaraland. ‘This time of earth history
saw the world in its greenhouse mode, when
climate was predominantely warm, polar ice caps
nonexistent, and sea level high. The change from
this to an eventual ice house mode may not have
been smooth, but rather episodic’ (Qliver and
Hidore, 2003).

Cenozoic Era

The early Tertiary witnessed drop in
tomperatures but still the climate remained warm.
In the Eocene period (70 to 40 MYBP) or early
Tertiary epoch England was characterized by
tropical vegetation similar to present Malaysia.
Warm climate extended upto Greenland and hence
tropical palm trees grew upto Greenland. During
Oligocene period (40 to 25 MYBP) most of the
areas were dominated by warm and temperate
climate but the cycle of cold climate also started in
this period. The onset of cold climate caused
disappearance of forests in some areas mainly in
high latitudes but there was expansion in grasslands
which became responsible for the evolution of
many species of grass eater mammals. During
Miocene period (25-11 MYBP) the earth’s surface
was characterized by varying climatic conditions
as these varied from dry and desert climatic
conditions to wet and cold climate. Humid climate
became responsible for the growth and develop-
ment of deciduous forests having species of maple,
oak and poplarin North America and Europe while
cedar grew in highlands. The plains of North
America were covered by prairie grasses. The
Pliocene period (11-1 MYBP) witnessed wide
range of fluctuations in temperatures i.e. repetition
of warm and cold phases. The glaciers began to form
over Antarctica. The continued lowering of tempera-
ture culminated into the formation of continental
glaciation and onset ofice age in Pleistocene period
of Quaternary epoch. This is being discussed in the
following heading.

2. Quaternary Climate Changes

The Quaternary epoch of Cenozoic era
started about one million years before present and
continues at present. This epoch comprises Pleistocene
and Holocene (post-glacial period) periods. The
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pleistocene witnessed most pronounced climatic
changes for which much authentic data derived
through different techniques such as pollen analv
sis, isotope analysis, carbon dating, potassium
argan dating etc. are available and the sequences of
events are well documented. Major parts of North
America and Europe were extensively glaciated
during Pleistocene ice age which comprised offour
glacial and four interglacial periods.

rc- J hePle,stoceneglacia‘ionofNorth America
(Fig 15.5) witnessed four periods of cooling and

resultant formation of glaciers and ice sheets and
their equatorward advancement. The glacial neri-
ods have been identified and named as Nebraskan
(300,000-260,000 YBP), Kansan (205,000-167*000

YBP), Illinoin (135,000 -100,000 YBP) and
Wiscconsin (70,000-10,000 YBP). These four
glacial periods were separated by warmer periods,
called as interglacial periods, namely Aftonian
interglacial period between Nebraskan and Kansan
glacial periods (260,000 to 205,000 YBP), Yar-
mouth interglacial period between Kansan and
Illinoin glacial periods (167,000-135,000 YBP),
Sangamon interglacial period between Illinoin and
Wisconcin glacial periods (100,000-70,000 YBP)
and recent Holocene interglacial period. The ice
sheets advanced from 3 major sources (ice caps)
e.g. (1) Labrador ice sheet; (2) Hudson Bay or
Keewatin ice sheets, and (3) Cordillarean or Rocky
ice sheets. Two ice sheetsof Labrador ice caps and

ATLANTIC
OCEAN

Glaciation ofNorth America during Pleistocene Ice Age; C-Cordillarean ice sheet,

and L-Labraa #ice sheet.
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Keewatin ice caps after their initial southward
advance combined together and became much
wider and extensive ice sheets which moved as far
south as upto the province of Nebraska. The
combined ice sheets were called as Laurentide ice
sheet. The St. Lawrence Valley and central lowland
were completely covered by Laurentide ice sheet.
Its eastward movement covered the Appalachians.
Besides. Alaska, western Canada, Washington,
Idaho, Montana etc. were also covered by thick ice
sheets measuring 1000 meters to 1500 meters in
thickness. The withdrawal or retreat of ice sheets
during interglacial periods left behind numerous
terminal moraines. Several lakes mainly the Great
Lakes (comprising Superior, Michigan, Huron,
Erie and Ontario) are the legacy of Pleistocence Ice
Age and consequent glaciation.

Table 15.2 : Pleistocene Glaciation of North America
Glacial and Duration

Interglacial (years before present)
Periods

1. Nebraskan 300,000-260,000

1. Aftonian 260,000-205,000
(inter glacial)

2. Kansan 205,000- 167,000

2. Yarmouth 167,000-135,000

(inter glacial)

135,000-100,000
100,000-70,000

3. Mlinoin

3. Sangamon
(inter glacial)

4. Wisconcin

4. Holocene
(inter glacial)

70,000-10,000
10,000

Europe was glaciated during Pleistocene ice
age by the advancing ice sheets from three major
sources ofsnow fields (i.e. caps), namely Scotland,
Scandinavia, and the Alps. The advancing ice
sheets from Scotland and Scandinavia covered
Great Britain, Scandinavian countries, Denmark,
Belgium, Luxemberg, Netherlands, Germany while
Switzerland, Austria, Italy, France, southern Ger-
many etc. were glaciated by ice sheets advancing
northward from the ice caps of the Alps. Like
glacial and interglacial periods in North America,
four glacial periods have also been identified and
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named in Europe, e.g. Gunz, Mindel, Riss and
Wurm glacial periods wherein two glacial periods
were separated by warmer interglacial period. The

tropical and subtropical regions of the globe
remained warm.

The last but most recent early Wisconcin
glacial period started about 70,000 YBP but main
Wisconcin glacial period in North America is
supposed to have started about 30,000 YBP (years
before present) and retreated about 12,000 YBP.
The then temperature was about 4°C less than the
present temperature.

3. Climate in the Post-Glacial Period

The final retreat and withdrawal ofrecent ice
sheets started about 18,000 YBP and continued
upto 10-12,000 YBP when most of the ice covers
were withdrawn from the USA. On the other hand,
the margins of retreating ice sheets in Scandinavia
and Scotland (Europe) started to expand and
advance about 10,200 YBP and thus there was
reappearance of short period glacial phase involv-
ing limited areal extent. This little short-period
glacial phase is known as Younger Dryas but this
temporary glacial phase soon came to an end as the
ice sheets melted and finally withdrew. The period
ranging from 18,000 to 5,500 YBP isconsidered as
a period of deglaciation denoting rapid changes in
climate and rise in temperature.

It may be mentioned that the Pleistocene Ice
Age caused lowering of sea level at least by 100
meters about 18,000 YBP and the deglaciation
during Holocene period resulted in the recovery of
sea level to its present level about 5000-6000 YBP
(fig. 15.3). As mentioned above after Younger
Dryas the warming of previously glaciated areas
resulted incomplete withdrawal of ice sheets from
North America and Europe by 5,500 YBP. Green-
land and Antarctica still remained under thick ice
sheets, ‘All evidence points to this being a time
when the mean atmospheric temperature of the
mid-latitudes was 2.5°C (4.5°F) above that of the
present. This time has been described as the
Climatic Optimum a term originally applied to
Scandinaviawhen temperatures were warm enough
to favour more varied flora and fauna’ (Oliver and

Hidore, 2003).
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Fig. 15.6 .
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Trend of changes in surface temperature for the past 14,000 years. The temperature change is from

present average global temperature. After J.E. Oliver and J.J. Hidore, 2003.

4. Climatic Changes in the Recent Past
-{Christian Era)

The proxy data from geological and biologi-
cal sources and indicators, instrumental records,
historical records, documentation etc. provide
ample authentic information to reconstruct yearly
climatic fluctuations since 1st century A.D. The
records show that the temperature and precipitation
conditions of European continent and Mediterra-
nean regions were similar to presentday climatic
conditions in the 1stcentury of Christian era. These
areas experienced further more humid conditions
characterized by increased precipitation and
ameleorating temperature upto mid 4th century
A.D. (i.e. by 350 A.D.). Europe and North America
experienced dry phase resulting into semi-drought
condition in the 5th century A.D. The increased
aridity caused drying of several lakes in the western
USA. The climate In the northern hemisphere
became further harsh during 600-700 A.D. when
climate became warmer and drier. The increased
aridity resulted inmelting of valley glaciers in the
Alps of Europe and opening of frozen passes
allowing free movement of people across the
Alpine mountains. Iltmay be mentioned that these
passesare againin frozen condition at present time
duetoreestablishment of valley glaciers. The moist
Edition returned again in the 9th century A.D.

The period from 950 to 1250 A.D. i.e. 300
y™ar period is called as Phase of Little Climatic

Optimum in the climatic history ofthe earth when
climate became warm and relatively dry as average
temperature increased by 1° to 2°C from the
present-day global average temperature. The cli-
mate of Greenland and Iceland became mild and
attracted the Vikings from Iceland to settle in
Greenland. It may be mentioned that Vikings
migrated from Europe to settle in Iceland in the 9th
century A.D. because of favourable conditions
characterized by warmer climate. The climatic
conditions in southern Greenland allowed the
growth of stunted vegetation, pasture and agricul-
ture to support newly settled human population.

The period from 1250 A.D. to 1450 A.D.
was characterized by the reversal of mild climate
of 10th to 13th centuries A.D. as referred to above
astemperature began to drop causing accumulation
of more ice over Greenland, drifting of ice sheets
and numerous icebergs in the North Atlantic
Ocean. The drifting icebergs disrupted human
physical connection of Greenland with Iceland and
Europe. The 13th century saw very stormy weather
in the Atlantic Ocean and the north Sea while
extreme arid condition leading to severe drought
prevailed in the western USA.

The trend of worsening climatic conditions
in the middle and high latitudes of the northern
hemisphere continued and the climate became
further harsh for another period of around400years
(i.e. from 1450 A.D. to 1880 A.D.) as the
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temperature fell below freezing point giving birth
to another glacial period known in the climatic
history of the earth as Little Ice Age. The climate of
Greenland became so cold that the earlier settled
people perished and their settlements and other
infrastructures were buried under thick cover of
ice sheets. The Alpine glaciers became more
active, all the glacial valleys were covered with
thick ice sheets, the advancing glaciers engulfed
several villages at the foot-hills ot the Alps
mountain chains, several lakes and rivers were
frozen, which are presently unfrozen etc. for
example, the Thames river of England was frozen
4 times in the 16th century, 8 times in the 17th
century, and 6 times in the 18th century. The
historical records and lIcelandic sagas very much
indicate the severity of climate in Iceland. Extreme
cold condition led to human deaths due to severe
famines. It may be mentioned that glacial period
(i.e. Little Ice Age) from 1450 to 1880 A.D. was not
always characterized by continuous extreme cold
condition and advancing glaciers rather it was
punctuated by several cold and warm intervals. Itis
believed thateach cold period continued at least for
30 years in each century (between 15th and 19th
centuries) and two cold periods were separated by
relatively warm period. The coldest period culmi-
nated in the year 1816 when major parts of northern
Europe and the USA did not experience summer
season. The year' 1816 is known as ‘the year
withouta summer’in the climatic history, when the
glaciers became most active after Pleistocene Ice
Age, thereafter climate began to improve due to rise
in temperature and by the end of 19th century the
ice age was terminated.

The records of global temperatures since
Industrial Revolution (1860) denote slow but
irregaular trend of rise of temperature i.e. ranging
between 0.3°C and 0.6°. Following R.G. Barry and
R.J. Chorley (2002) the phases of rise in tempera-
tures after 1860 have been identified as follows:

(i) Highly irregulartrend ofrise in temperature
ranging between 0.2°C to 0.4°C between
1860-1920 A.D.

(itf) Consistent trend of rise of temperature of

mean value of 0.4°C between 1921 and
1945.

(iii) Oscillating trend of rise of temperature
between 1946 and 1975 A.D. around 0.4®C
The northern hemisphere was warmed
while the temperature in the southern
hemisphere remained more or less constant

i.e. neither increase nor decrease.

(iv) Overall warming trend continued between

1976 and 1989 A.D. when temperature
registered an upward rise by 0.2°C.

(v) The global rise of temperature reached its
peak in the last decade of 20th century (i.e.
1990s). Six out of seven warmest years on
record occurred since 1980.

It may be summarised that overall increase
in the surface air temperature in the 20th century
has been about 0.5°C to 0.7°C against an average
rate of increase of 0.3°C per 1000 years at global
level. According to another view the average air
temperature in the northern hemisphere increased
by 0.4°C between 1880 and 1940 because of rapid
rate of combustion of fossil fuels during this period
but the temperature dropped after. 1940 inspite of
continued rapid rate of combustion of fossil fuels
due to fast industrial growth butsoon after 1940 air
temperature in the southern hemisphere showed
rising trend which registered an overall increase of
0.6°C between 1940 and 1960.

Another source has indicated an increase in
air temperature by 1.5°C upto 1995 while other
sources have shown general air temperature rise
ranging between 0.3°C and 0.6°C. It may be
mentioned that a rise of 2°C temperature from the
normal temperature was recorded in the Indian
Ocean during 1997-98 which caused catastrophic
coral bleaching leading to 70 per cent death of
corals in the Andman Nicobar and Lakshwadeep
inlands.

Various models have been developed to
predictglobal rise in airtemperature. S.H. Schneider
(1950) pointed out that the temperature could rise
upto 1.5°C to 3°C if the concentration of atmos-
pheric carbon dioxide could be doubled from the
300 ppm (by volume) level to 600 ppm. The
General Circulation Model (GCM) developed by S-
Manabe and R.T. Wetherald (1975) predicts that if
the present amount of carbon dioxide (1975 level)
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of tire atmosphere is doubled, the temperature of
the earth's surface wil increase by 2.9°C.

The major sources and processes of global
wanning, for example, ozone depletion and
greenhouse gases, will be discussed in the
succeeding chapter.

15.5CAUSES AND THEORIES OF
CLIMATIC CHANGES

As mentioned earlier climatic changes arc
effected by changes inatmospheric circulation and
interactions among five components of the earth-
atmosphere system, namely atmosphere, hydro-
sphere. lithosphere, biosphere, and cryosphere
(frozen surface of the earth) wherein the amount of
received solar energy, and the process of distribu-
tion. redistribution, and absorption ofsolar radiant
energy atthe earth surface are important considera-
tions of the state of climate of an area in specific
time period. The causes for such interactions
leading to climatic changes are related to
(1) outside sources, say extraterrestrial sources,
and (2) inside sources, say eath-atmosphere system
or terrestrial sources

The causes and theories of climatic changes
are viewed in terms of periodicity of climatic
changes which are generally of two types, namely
(I) short-term climatic changes, and (2) long-term
climatic changes. Since the nature and patterns of
climatic changes vary temporally and hence the
causes of such changes are also of varied nature.
This is why no single theory can explain all types
and patterns of climatic changes and thus we have
a host of causes and theories of climatic changes.

Since the Industrial Revolution (1860 A.D.)
the man’s increased economic activities and the
application of advance technologies are introduc-
ing significant modifications
climatic conditions. This has led to the emergence
°f a new dimension in climatic changes and an
additional source thereof. Thus, the sources of
climatic changes may be grouped in the lollowing

3 broad categories :
(1) Outsidc?6f extra-terrestrial sources
(2) Inside or terrestrial sources
(3) Anthropogenic sources

and changes in

m

The significant causes and related theories
of climatic changes may be stated as follows:

(1) Solar
radiation),

irradiance (variation in solar

(2) Sunspot cycles,

(3) Astronomical theories (eccentricity of
earth’s orbit, obliquity of the ecliptic, precession of
the equinoxes, earth-sun relationship) etc.,

(4) Atmospheric dust hypothesis (mainly
volcanic eruptions and dusts thereof)*

(5) Carbon dioxide hypothesis,

(6) Continental drift and pole wandering,
(7) Tectonic and topographic control theory,
(8) Oceanic variation hypothesis,

(9) Extra terrestrial bodies collision theory,
and

(10) Anthropogenic sources (changes in the
earth’s surface and atmospheric composition).

Solar Irradiance Theory

Solar radiative forcing is considered to be a
significant factor of climatic changes. It is
important to note that there are fluctuations in the
energy radiated from the sun’s outer surface
(photosphere). It may also be mentioned that the
amount of solar energy received at the earth’s
surface determines the nature and pattern of
energy exchanges and atmospheric circulations
which in turn determine temperatures and precipi-
tation. The amountofsolarradiantenergy received
at the earth’s surface is also subject to changes due
to (i) changes in the composition of the atmosphere
in terms of its transparancy toincoming shortwave
solar electromagnetic radiation waves, (2) changes
in the relative distances between the sun and the
earth, (3) the amount of the energy radiated from
the earth’s surface, (4) changes in the surface
covers of the earth’s surface etc. The variations in
solar irradiance are viewed as (i) long-term change,
and (ii) as short-term or periodic change (i.e.
sunspots cycles).

It is acommon belief that increase in solar
radiation for longer duration will cause warming of
the atmosphere leading to onset of warm climate
and melting of ice sheets and glaciers. It may be
mentioned that regular measurement of tempera- *
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tures of the sun’s surface started at the Kitt Peak
National Observatory in Arizona, USA, from 1975.
Itis believed thateven 0.1 per centdecrease in the
average annual solar radiation for a decade in
continuation may introduce measurable climatic
changes in terms of changes in temperature and
precipitation. The recorded data of sun’s surface
temperature revealed a drop of temperature by
I1°C inJanuary, 1977. If the solar radiation drops
by even one to two per cent, the temperature at the
earth’ssurface in the middle and high latitudes may
come down and may cause climatic changes similar
to Little Ice Age which occurred from 1450 to 1880
A.D. The year 1816 was known as the year without
summer in the USA. The computer model has
further revealed that the drop in solar radiation by
2-3 percent for 50 years in continuation may cause
regeneration of glaciation and may reactivate older
glaciers, and if the solar radiation decreases by 5
percentor more, the earth may experience new ice
age and widespread glaciation.

The expansion and contraction of the core of
the sun has been accepted by a few scientists as
basic cause of changes in the amount of energy
radiated from the outer surface of the sun.
According to E.J. Opik the core of the sun expands
after long intervals. The sun consumes a portion of
its energy to expand its outer surface to cope with
the expansion of its core. In such circumstance the
radiant solar energy decreases because of con-
sumption of substantial portion of solar energy by
the sun itself. The decrease in solar radiation
results in lowering of atmospheric temperature of
the earth and consequently cool phase of climate is
introduced, which causes ice age. Conversely,
when the core of the sun contracts, the internal
consumption of solar energy is remarkably re-
duced. Consequently, the solar radiation increases,
which results in the increase of temperature of the
earth’s surface, termination of glacial period and

beginning Of interglacial period.
Simpson Theory

Contrary to the general view of the warming
oftheearth’s surface and its atmosphere during the
period of increased solar radiation, Sir George
Sim >son presented an entirely different concept
related to variations in solar radiation and climatic
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changes in 1938 A.D. According to Simpson

during the period of moderate increase in solar

irradiance, the middle and high latitudes will

experiencre extension in glaciers and their ad-

vances while decrease in solar radiation and

resultant decrease in air temperatue would cause

melting of ice sheets and glaciers and their retreat,

resulting into onset of interglacial period. Simpson

propounded the concept of cyclic pattern of
increase and decrease in solarradiation. According

to him the atmospheric temperature increases with

increase in solar radiation. The increase in atmos-
pheric temperature causes increase in evaporation

and cloudiness, strong meridional air circulation

and increased precipitation in higher latitudes. The
precipitation in higher latitudes is in the form of
snowfall which allows more accumulation of ice
and extension ofice sheets and glaciers. The greater
cloudiness during summer season prohibits melt-
ing ofaccumulated snow and ice rather protects the
ice cover. On the other hand, during the phase of
decrease in solar radiation, the atmospheric tem-
perature decreases, meridional air circulation is
weakened, evaporation and precipitation remark-
ably decreases in high latitudes, melting of ice
sheets causes their retreat. ‘Thus, paradoxically a
lowering of mean atmospheric temperature might
cause arecession of ice sheets, whereas tempera-
ture increase would lead to their advance. Although
the Simpson theory appears not to fit recent
instrumental evidence, it is a warning against
oversimplified explanations ofcomplex processes’
(H.J. Critchfield, 2002).

Sunspot Theory

The sunspot activity has been related to
variations in solar irradiance. The increased sun-
spot activity (increase in the number of sunspots)
causes warming of the earth’s surface and its
atmosphere whereas decreased sunspot activity
(decrease in the number of sunspots) causes
lowering ofatmospheric temperature. Sunspots are
darker and cooler areas in the photosphere ofthe
sun. The increased sunspot activity means increase
cinthe number of sunspots while decreased sunspot
activity is related to decrease in the number Of
sunspots. The study ofsunspotactivity for the last
200 years has revealed cyclic pattern Of increase
and decrease in sunspot activity. On an average, 1*
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yearscycle has been accepted where as the period of
one.cycle may be as short as 8-9 years and as long
as 16years. Certain subcycles ofsunspot activity at
longer period have also been postulated e.g. 35
years cycle, 80 years cycle etc. It has been
estimated that the output of ultraviolet radiation
from the sun's surface at the time of Maximum
sunspot activity (maximum number ofsunspots) is
20times more than during the period of minimum
sunspot activity. The prolonged period of mini-
mum sunspot activity, called as Maunder Mini-
mum, is supposed to introduce cooling of the
earth s surface and its atmosphere, whereas the
prolonged period of maximum sunspot activity
may cause warming. It may be mentioned that
perfect correlation between sunspot activity and
atmospheric temperature has not been substanti-
ated. Itmay be that periodic fluctuations insunspot
cycles may introduce some sort of weather changes
atshorter temporal scale. ‘Repeated studies trying
tocorrelate rainfall with the fluctuation in sunspot
cycles have not yet produced statistically signifi-
cantresults’ (Oliver and Hidore, 2003).

Atmospheric Dust Hypothesis

The atmospheric solid particulate matters
includedust particles, salt particles, pollen, smoke
and soot, volcanic dusts and ashes etc. Most oi the
solid particles are kept in suspension in the
atmosphere. It is an established fact that these solid
particulate matters (SPM) present in the atmos-
phere reduce the amount of solar radiant energy
reaching the earth’s surface by scattering, reflec-
tion and absorption ofincoming shortwave electro-
magnetic solar radiation. About 23 per cent of
incoming solar radiation is scattered by dust
particles and haze, of which 6 per cent energy is
sent back to the space while 17 per cent energy
reaches the earth’s surface as diffuse day light, of
course much later. The scattering of incoming
solar radiation waves by dust particles when the
diameter of such particles is longer than the
wavelengths of incoming solar radiation waves, is
called diffuse reflection which sends some portion
°fincoming solarenergy back to space while some
portion remains in the lower atmosphere.

It is also an established fact that sudden
increase in dust particles caused by violent
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powerful volcanic eruptions reduces the tempera-
ture of the earth’s surface at its lower atmosphere
remarkably and introduces fluctuations in weather
and climatic conditions atleast atshorter temporal
scale. It may be remembered that the stratospheric
temperature increases at the time oOf greater
volcanic activity because most of the scattered,
reflected and absorbed energy remain there, butthe
temperature of the lower troposphere and the
earth’s surface drops significantly, and it is the
temperature of the lower atmosphere that controls
weather and climate at the earth’s surface. This
corollary may be substantiated with a few
examples of volcanic eruptions and resultant
cooling of the earth’s surface and its atmosphere.

(1) There was annihilating violent e
sive eruption of a volcano on 27 August, 1883 in
Krakatoa island located in the Sunda Strait between
Java and Sumatra in the East Indies. The powerful
volcanic blast was 9TNT equivalent of about 100
million tons (2x 10 Il pounds). Nearly 20 cubic
kilometers (some sources putit53 cubic kilometers)
of fragmental materials, ashes and dusts were
thrown in the air upto 32 kilometers in the
atmosphere (upto middle of stratosphere), which
were later on distributed, due to their fall, on an area
0of 700,000 square kilometers. The fine dusts were
ejected upto 32 kilometers in the atmosphere which
produced global decrease in solar radiation re-
ceived at the earth’ssurface by 10-20 percent, there
was total darkness in the sky because the dusts and
ashes blotted out the sun for several days, the effect
of total darkness was observed upto the distance of
150 kilometers from the center of eruption. The
ejection of fine dusts and ashes in the stratosphere
and their circulation and drifting around the earth
by upper air atmospheric circulation produced
brilliant red sunsets for several y~ars. The reduced
solar radiation received on the earth ssurface and
resultant drop in temperature matches with cold

years from 1884 to 1886.
(2) The violent eruption of Mt. Asoma

1783 in Japan is correlated with severe cold years
of 1784, 1785 and 1786. The exceptionally cold
year of 1816! A.D., known as a year without
summer in Ihc climatic history of the world,
followed the famous explosive eruption of Mt.
Tamboro in Dutch Eastindes intheyear 1815.The
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volume of dusts ejected from the violent eruption
ofthis volcano was soenormous that thick dust veil
covered the sun resulting into complete darkness
for 3days in continuation, which extended upto a
distance of 500 kilometers from the center of

eruption.

(3) The explosive eruption of Mt. Katmai

1912 in Alaska (USA) ejected about 21 cubic
kilometers of volcanic materials and dusts in the
atmosphere resulting into 20 per cent reduction in
the amount of solar radiation received at the earth's
surface. About 2 percent drop in solar radiation
was noted at the Mauna Loa Observatory in
Hawaii at the time of the eruption of Mt Agung in
Bali in the year 1963.

Contrary to the general belief of correlation
between major volcanic eruptions and lowering of
temperatures, the empirical studies of a few recent
volcanic eruptions such as El Chichon eruption of
1982 in Mexico, Mt. St. Helens eruption of 1980
(USA) a few earlier explosive eruptions such as
Mount Cosequina eruption of 1835 in Nicaragua
show no such correlation. It may be mentioned that
the impact of volcanic eruptions in lowering the
temperature depends on a variety of factors,
numely the penetration of the stratosphere by
ejected volcanic dusts and gases, the volume of
sulphur dioxide, the amount of dusts etc. If the
eruption is very explosive and powerful, the
volume ofejected sulphurdioxide is very large, and
the amounts of dusts are very high, definitely these
materials will reach the stratosphere and will
reduce the temperature atthe earth ’ssurface and its
atmosphere. The ejected sulphur dioxide gas after
combining with atmospheric water vapour forms
tiny droplets of sulpluric acids. These tiny sulphu-
ric acid droplets remain in the atmosphere for
longer period and reflect sizeable portion of
incoming solar radiation and thus the amount of
solar radiation received at the earth’s surface is
remarkably reduced resulting into the lowering of

earth’ssurface temperature.

Recently, two indices related to volcanic
eruption and itsimpact on climate change, namely
(1) Volcanic Explosive Index (VEI) and (2) Dust
Veil Index (DV1), have been prepared. It is argued
that high VEI would indicate powerful and

effective penetration of the stratosphere by vol-
canic dusts and gases and thereby would cause
lowering of temperature. Similarly, high DVI
would be indicative of reduction in solar radiation
received at the earth’ssurface and consequentdrop
in temperature. It may be mentioned that resident
pr(]ariod of volcanic dusts and gases is very
important factor for glacial climate. If the resident
period of volcanic materials is for longer duration
i.e. if the wvolcanic materials remain in the
atmosphere for longer period, the resultant lower-
ing of temperature may initiate glacial period. On
the other hand, short-term resident period would
cause only local effects on weather and climate.

Carbon Dioxide Theory

Itis important to note that it is the receipt of
solarenergy atthe earth’ssurface and absorption of
incoming solar radiation and outgoing terrestrial
radiation by the atmosphere which has significant
control on weather and climate, and the amount of
energy received at the earth’s surface depends on
(1)changes in the composition of the atmosphere,
(2) changes in the transparency of the atmosphere,
(3) modification of energy in the transit (i.e.
flowing through the atmosphere) etc. The changes
in the gaseous composition of the atmosphere are
effected by both natural and anthropogenic sources.
The increase of relative proportion of greenhouse
gases (e.g. carbon dioxide, methane, nitrogen
oxides etc.) in general and carbon dioxide in
particular causes global warming and initiates
warm climate while decrease in their relative
percentage causes global cooling and helps in
initiating cold climate if other factors remain
constant. Thus, the carbon dioxide theory states
that increase and decrease in temperatures of the
earth’s surface and its atmosphere is effected by
increase and decrease of its (C 02) relative percent-
age in the gaseous composition of the atmosphere
respectively.

It may be remembered that the increase of
earth’s temperature by absorbing outgoing terres-
trial infrared radiation by certain gases (mainly
carbon dioxide) is called greenhouse phase of the
atmosphere whereas icehouse phase refers to
lowering of earth’s temperature leading to begin-
ning of glacial period. The greenhouse effect
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means ‘progressive warming-up of the earth’s
surface due to the blanketing effect of man-made
carbon dioxide in the atmosphere’ (Oxford
Dictionary). ‘In a green house, visible sunlight
passes through the glass and heats up the soil
warming the plants. The warm soils emit radiation
in longer wavelengths particularly in the infrared
band. Because the glass is opaque to these
wavelengths (long wavelengths of infrared radia-
tion waves), itabsorbs and reflects (reradiates back
to the soils) the infrared (radiation)’ (D.B. Botkin
and E.A. Keller, 1982). This mechanism keeps'the
greenhouse warmer than the outside environment.
Innutshell itmay besummarized thatagreenhouse
is a body which allows the shortwave incoming
solar radiation to come in but does not allow the
longwave outgoing terrestrial infrared radiation to
escape. Carbon dioxide and water vapour act as
greenhouse-in that these allow visible sunlight to
reach the surface ofthe earth butabsorb and reflect
back (reradiate) the longwave outgoing terrestrial
radiation mainly infrared radiation (back to the
earth’ssurface) and thus help in keeping the earth’s
surface wafTner.

The most significant greenhouse gas is
carbon dioxide which is released to the atmosphere
by burning of fossil fuels (coal, mineral oil and
natural gas) for different purposes in various ways,
burning of firewoods etc. Deforestation also helps
inincreasing the concentration of carbon dioxide
in the atmosphere. The pre-industrial level of
atmospheric contentofcarbon dioxide was fixed at
280-290 ppmv (part per million by volume) or
0.028 percentto 0.029 percent (the base year of the
beginning of industrial revoltuion in 1$60A.D.) It
is also important to note that there are certain
natural processes and sources which regulate the
atmospheric concentration of carbon dioxide,
namely vegetation covers and oceans are major
sinks(absorbers and users) of atmospheric carbon
dioxide. Deforestation and burning of forests for
shilfting cultivation remarkably reduces the use of
carbon dioxide by vegetation covers and hence
helps in increasing the concentration of carbon
dioxide in the atmosphere.

The atmospheric content of carbon dioxide
increased from the pre-industrial level of 280-290
ppmv to 350-360 ppmv during 1998, registering an
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overall increase by 25 per cent from the pre-
industrial level. It is believed that the rate of
increase of atmospheric carbon dioxide through
anthropogenic sources will be accelerated due to
uricheked industrial development and increasing
urbanization worldover.

Different models have been developed to
reveal the relationships between the increase in the
concentration ofatmospheric carbon dioxide through
anthropogenic sources and climate changes but the
predictions of these models are very much confus-
ingand contradictory. ‘If there is uncertainty in the
prediction of carbon dioxide trends, then the
predictions of the resulting climatic effects are
even more uncertain' (J. E. Hobbs, 1980).

(1) Schneider Model (1950) ; S.H.
Schneider while reviewing the results of various
climatic models dealing with the predictions in the
change of thermal conditions of the atmosphere
and the earth’s surface resulting from the increased
content of atmospheric carbon dioxide concluded
that the temperature could rise upto 1.5C-3.0°C if
the concentration of atmospheric carbon dioxide
could be doubled from 300 ppmv level to 600
ppmv. He further predicts that increased tempera-
ture would cause increase in evaporation and
cloudiness which would reduce incoming solar
radiation (because of increased albedo i.e. more
clouds would reflect more solar radiation back to
space). Thus, the reduced solar radiation reaching
the earth’s surface would counteract the warming
of the earth’s surface. It is obvious that such
feedback mechanisms negate the impact of green-
house effect of increased atmospheric carbon
dioxide and the whole process of the heating or
cooling of the lower atmosphere and the earth’s
surface becomes highly complicated. Another
model envisages cooling of the earth’s surface due
to enormous increase in the atmospheric carbon

dioxide.

(2)t General Circulation Model (GCM): The
general circulation model by S. Manabe and R.T.
Wetherald (1975) predicts that if present amount
(1975 level) ofcarbon dioxide of the atmosphere is
doubled, the temperature of the earth’s surface will
increase by 2.9°C and there will be 7 per cent
increase in the activity of hydrological cycle but
there will not be any feedback and thus there will
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not be either increase or decrease in the amount of
cloudiness as predicted by S. H. Shneider. In other
words, the increase in surface temperature caused
by increase in the atmospheric carbon dioxide will
not be negated by feedback mechanism and hence
increased greenhouse effect would certainly intro-
duce climate change (warming of the earth’s
surface and its lower atmosphere).

(3) Atmospheric-Oceanic General Circu

tion Model (AOGCM) : As per the report of the
Intergovernmental Panel on Climate Change (IPCC,
2001) if the concentration of atmospheric C02
increases to 540-970 ppmv by the end of the 21st
century, the average surface air temperature at
global level would register an increase between
1°C to 5.8°C. This increase in average air
temperature has been estimated in relation to
average air temperature during 1990-2000 A.D.

The trends of probable future climatic
change due to increase in average surface air
temperature at global level have been estimated on
the basis of increase in the concentration of
greenhouse gases in the atmosphere in future.

It has been estimated that the overall
increase in surface temperature over the past one
hundred years (upto 2000 A.D.) has been about
0.5°C to 0.7°C. According to another view the
average air temperature in the northern hemisphere
increased by 0.4°C between 1880 and 1940 because
of rapid rate of combustion of fossil fuels during
that long period but the temperature dropped after
1950 inspite of continued rapid rate of combustion
of fossil fuels due to fast industrial development
after 1960. The air temperature in the southern
hemisphere showed rising trend which registered
an overall increase of 0.6°C between 1940 and
1960. It is evident that though there is maximum
consumption of fossil fuels in the northern
hemisphere and consequentincrease inthe concen-
tration of atmospheric carbon dioxide but the air

temperature dropped whereas there is minimum
consumption of fossil fuels in the southern
hemisphere but air temperature increased. It does
not mean that there isno direct impactofincreasing
carbon dioxide on air temperature rather some
other factors might have dominated over the factor
ofgreenhouse effect. Itisopined that large amount

of volcanic dusts thrown into the atmospher

through the eruptions of Heckla (Iceland) in 1947s
Mt. Spurr (Alaska, USA) in 1953, Agung (Bali)in
1963, Mount Taal (Philippinse) in 1965, MayOn
and Fernandina in 1968 etc. might have reduced air
temperature in the northern hemisphere between
1940 and 1970. v,

Inspite of contrasting opinions about the
Iia}ﬁpactof increasing concentration of atmospheric
carbon dioxide due to greenhouse effect on air
temperature it may be conclusively opined that
there is definite positive effect of increased
greenhouse effect due to increased concentration of
carbon dioxide in the atmosphere. The increase in
temperature introduces several changes in climatic
conditions at local, regional, and global levels as
fallows:

(1) According to A.B. Pittock (1972) the
change in global mean temperature by a few
degrees celcious caused by greenhouse effect
would greatly change climate.

(2) Increased temperature due to increased
greenhouse effect would cause decrease inprecipi-
tation and soil moisture content.

(3) In case of global warming oceans would
berequired to absorb more and more carbondioxide,
this will raise normal level of acidity of the oceans,
which would decrease biological activity in the
oceans and oceanic plant cover, which ultimately
would alter the albedo of ocean surface.

(4) It may be possible that the carbon dioxide
concentration in the atmosphere may increase to
such an extent that the total atmospheric pressure
would increase. Such increase in atmospheric
pressure would broaden the absorption bands and
increase the opacity of the atmosphere to the
outgoing terrestrial radiation which would in turn
increase the surface temperature to such an extent
that all the atmospheric processes may come to
grinding halt.

(5) Recently, atmospheric black clouds
(ABC), asaresultofconcentration of pollutantsin
the atmosphere due to burning of fossil fuels, have
been related to unprecedented snowfall in Dubai,
heavy snowfall in the lower altitudinal areas o
Jammu and Kashmir, Himachal Pradesh an
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Uttaranchal Himalayas (India) etc. during Decem-
ber (2004) and January (2005).

Continental Drift and Polewandering

The plate tectonic theory, based on the
evidences ofpalaeomagnetism and seafloor spreading,
the result of post-1950 advancement in geophysi-
cal researches worldover, has validated the concept
of continental drift. It has now been proved that
different plates are in constant motion and hence
the continents and ocean basins change their
relative locations. The plate tectonics have two
major implications, namely changes in relative
positions of the continents (and ocean basins) due
to continental displacement (drift), and origin of
mountains of varying heights due to convergence
of destructive plate boundaries (the effects of the
later on climate will be discussed under the next
heading). It is believed that the relative locations of
continents in relation to the poles have paramount
control on climatic changes. The clustering of
continental masses around the pole causes glacia-
tion of major land areas while scattering of
continents away from the poles causes deglaciation
of the land areas which are places at greater
distances from the poles, as ‘the primary require-
ment for the formation ofgreat ice caps isthe polar
location ofcontinents’ (J.E. Oliver and J.J. Hidore,

2003).
A lot ofconvincing evidences are available

fortwo greatice ages e.g. Permo-Carboniferous ice
age, and Pleistocene ice age. It is believed that
about 350-250 million years B.P. (before present)
i.e. during Carboniferous-Permian periods all the
landmasses were united inone landmass which has
beennamed as Pangaea Il. Most of the land areas (*f
Gondwanaland (comprising present South America,
Africa, India, Australia and Antarctica ) clustered
around south pole which was located near the
present position of Durban in Natal (South Africa).
Thus, the south pole was located almost in the
middleof Pangaea. Consequently, ice sheets might
have spread out from south pole at the time of
glaciation and Brazil, southern South America
upto Falkland, southern Africa, peninsular India,
Australia, Antarctica etc., which were closer to
s°uth pole, might have been covered with thick ice
sheets. Atmuch laterdate, these land masses might
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have parted away due todisruption ofPangaea and
consequentmovementto presentlocations because
of plate movements, and finally might have
experienced deglaciation and termination ofPermo-
Carboniferous ice age.

The Pleistocene glaciation of northern land
areas of the northern hemisphere is supposed to
have occurrred around one million years B.P. due
to closer location of North American and Eurasian
landmasses to north pole. The Pangaea began to
break during early Jurassic about 180million years
B.P. and the disruption was completed by 70-100
million years B.P. Consequently, the northern part
of North America upto present Nebraska in the
south (in USA), Greenland, Iceland, Europe and
Siberia were covered with ice sheets during
Pleistocene period (about one million years B.P.).
As mentioned in the preceding section the Pleistocene
Ice Age comprised of four glacial periods separated
by four interglacial periods of warmer climate. It
may be mentioned that interglacial periods within
acomprehensive ice age cannotbe explained on the
basis of continental drift and plate tectonics. It may
also be remembered that glaciers of the Rockies,
Alps, Himalayas etc. were more extensive than
their present position. The glaciation of high
mountains, which were far away from the location
of pole also cannot be explained on the basis of
plate tectonics and continental drift.

Tectonism and Topographic Controls

It is a commonly agreed fact that topo-
graphic factor (relief) plays an important role in
shaping weather and climate at regional and global
levels. High mountains control temperature and
upper air circulation patterns. This is why efforts
have been made to correlate ice ages with active
tectonism and mountain building, ‘as with increas-
ing height of landmasses, the potential for ice
formation is greatly increased’ (Oliver andHidore,
2003). The advocates of tectonic theory of ice ages
and glaciation have tried to demonstrate close
relationship between Permo-Carboniferous ice age
and Pleistocene ice age and glaciation with large-
scale vertical tectonic movements and orogenesis
(mountain'building) as these two great periods Of
ice age and widespread glaciation preceded large-,
scale mountain building activities. Inother words,



the Caledonian mountain building was followed by
Permo-Carboniferous ice age and late Cenozoic
Mountain building, leading to the formation of
Alpine-Himalayan mountain chains, North Ameri-
can cordillera, upliftment of Tebatan plateau,
western North America including Great Plains etc,
was followed by Pliocene-Pleistocene ice age when
major parts of North America and Eurasia were
glaciated. Rudiman and Kutzbach (1989) have also
demonstrated such relationships through computer
models wherein they used the models with ‘no
mountains’, ‘halfmountains’,and ‘full mountains’
to predict the patterns of general atmospheric
circulation and their impact on producing cool
climate to introduce glaciation. The computer
models based on ‘half mountains’ and ‘full
mountains’during late Cenozoic period predicted
colderclimate over North America, North-Western
Europe,and northern Asiaduring Pliocene-Pleistocene
periods and likely ice age and glaciation. The actual
occurrence of Pleistocene ice age after late Cenozoic
mountain building validates the prediction of
computer models, as ‘in general 2 to 4 km of late
Cenozoic surface upliftin Tibet and the Himalayan
mountains, and at least one kilometer uplift across
a broad area of the western North America,
including the Sierra Nevada, Basin and Range
province, Colorado Pleateau, Rocky Mountains,
and the western Great Plains, successfully pro-
duced changes in the model climates that are
comparable to, although less extreme than, the
inferred actual climate changes of the late Cenozoic
Era’(A.L. Bloom, 2002).

Vertical tectonic movements leading to
origin of mountains and their further uplift results
in high reliefs which augment erosional and
weathering processes which in turn affect atmos-
pheric carbon dioxide. It has already been stated
earlier that decreased content of atmospheric
carbon dioxide cools the earth’s surface and its
lower atmosphere to such an extent that glacial
climate is induced. The weathering of rocks has
been correlated with climatic cooling. In other
words, chemical weathering requires dissolution of
atmospheric carbon dioxide. The increased rate of
chemical weathering results in decrease in the
concentration of atmospheric carbon dioxide and
resultant reduction in greenhouse effect, with the
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result cooling of the earth’s surface and its lowe
atmosphere induces glaciation.

Astronomical Theories

The astromical theories are related to three
variables, namely (1) earth’s orbital eccentricity
(2) obliquity (tilt) of the earth’s rotational axis
relative to the plane of earth’s orbit, and (3)
precession of equinoxes, which determine the
amount of solar radiation received at the earth’s
surface and its temporal variations. The earth’s
orbital eccentricity refers to a ratio between the
elliptical orbit of the earth around the sun and atrue
circle. It may be remembered that the earth
revolves around the sun in an elliptical orbit, thus,
the eccentricity of the earth’s orbit is derived by
comparing the orbital elliptical path ofthe earth to
theoretical circular path.

(1) The eccentricity of the earth’s elliptical
orbit simply means deviation of its elliptical
orbital path from true circular path. The present
position of earth’s orbital path has been shown to
be closer to circular path. When the earth’sorbit is
nearestto acircle, the earth’seccentricity becomes
almost zero. It has been demonstrated through
measurement for the past million years on the basis
of inferred data that variations in the earth’s
eccentricity take place in cyclic manner. The
variations in eccentricity during the past 1,000,000
years have changed between a minimum value of
0.001 to maximum value of 0.054. It takes about
95,000years for the earth’seccentricity to attain its
maximum value of 0.054. This is called 95,000
years cycle or Milutin Milankovitch cycle (after the
name of Serbian scientist M. Milankovitch). The
temporal variations in the earth’s eccentricity
influence the amount of solar radiation to be
received by the earth’ssurface and also determine
the temporal variations in solstices and equinoxes.
It has been estimated thatthe maximum variation in
the earth’s eccentricity (0.054) ‘results in a
maximum variation of the incoming annual radia-
tion of only 0.2 per cent of the total over a cycle of
about 95,000 years’ (Berger, 1988, quoted in AlL-
Bloom, 2002).

(2) The obliquity of the earth’s rotational
axis or tilt of the earth’s rotational axis ‘refersto the
angle of the axis (of the earth’s rotation) in relation
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to the plane in which the earth revolves around the
sun’ (Oliver and Hidore, 2003). The obliquity or
tilt of the earth’s rotational axis varies temporally
between 22° and 24° 27'. The netangular variation
is 15° which oscillates around mean obliquity
value of 23.1°. The present angle of the earth’s
rotational axis is 66.5° giving an obliquity of 23.5°
i.e. the tilt angle of the earth’s rotational axis with
respectto the plane ofits orbital path is23.5 degree.
The significance of the obliquity factor lies in the
fact that it controls the latitudinal distribution of
solarradiantenergy and the intensity and duration
ofdifferentseasons. It may be mentioned thatif the
obliquity angle is zero (i.e. if the rotational axis of
the earth is perpendicular to its plane of orbital
circle) the length of day, and night would be of
equal duration throughout the year, there would be
no seasonality i.e. the same season would prevail
throughoutthe year, and the horizontal distribution
ofclimatic zones would be static but such situation
isnot possible because no such evidences could be
found in the climatic history ofthe earth. Ithas been
demonstrated through computer models, and manual
calculation by Milutin Milankovitch that there
have been angular variations in the earth’s oblig-
uity in the past and such variations, though small
(maximum value of 1.5°), are sufficient enough to
induce changes in the climatic conditions and its
world distribution. The change of the earth’s
obliquity from the minimum angle value of 22° to
the maximum value of 24° 27' takes about 41,000
years. Thus, the complete change in the earth’s
obliquity occurs in cyclic manner and one cycle is
completed in a period of 41,000 years. There is
directrelationship between the amount of angular
variation of the earth’s obliquity and seasonal
contrastsi.e. difference of temperature in summer
and winter seasons. The smaller the changes in the
inclination of the earth’s rotational axis (obliqg-
uity), the smaller is the change of temperature
between summer and winter seasons and vice
versa. It may be mentioned that warmer winters
induce more snowfall and accumulation of ice due
to increased evaporation and resultant condensa-
An, while cool summers taboo melting of ice
®eets. Thus, it is apparent that if the temperature
ference between summer and winter seasons is

N Inimised and if such condition persists for longer
Uration, the climate would be cold enough to
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induce glacial period.

3) Precession of equinoxes : The dictionar

(Webster) meaning of precession denotes ‘slow,
conical motion of the earth’s axis of rotation,
caused by the gravitational attraction ofthe sun and
the moon, and toasmallerextent, ofthe planets, on
the equatorial bulge of the earth,” while the
precession of equinoxes ‘refers to earlier occur-
rences ofthe equinoxes in each successive sidereal
year because of the slow retrograde motion of the
equinoctial points along the ecliptic, caused by the
precession ofthe earth ’saxis ofrotation (Webster
Dictionary). In more simple words, the precession
ofequinoxes may be defined as the time ofayear or
say the days of the year on which the earth s
position is nearest to the sun (perihelion) or
farthest to the sun (aphelion) due to varying
motions of the earth. Thus, the precession of
equinoxes denotes ‘the regular change in time
when the earth is at given distance from the sun.’
‘Climatic precession is a complex variable with
principal periods of 23,000 and 19,000 years. The
climatic precessional parameter refers to the time
of year when the earth is at perihelion, or closet to
the sun, which is now in early January (more
precisely 3January). Climatic precession controls
the difference in the length of the seasons and has
an opposite effect on each hemisphere’ (A.L.
Bloom, 2002). In other words, at the time of
perihelion position of the earth during northern
hemispheric winter, the winters in the northern
hemisphere become much longer and 7 per cent
more warmer while in the southern hemisphere the
summers become much longer and 7 per cent less
warm.

Presently, the earth’s perihelion position
with respect to its distance from the sun is in the
northern hemispheric winter. The astronomical
calculation denotes that this position will be
reversed after about 10,000 years from presenti.e.
the perihelion position of the earth will change to
northern hemisphere summer season, with the
result winter season will be more extreme and c
due to receipt of less amount of solar radi-
energy. The scientists have made succes,
attempts in computing the dates ofoccurrence
perihelion and aphelion positions in the past a
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have tried to reconstruct palaeoclimates on this
basis.

Miiutin Milankovitch, a Serbian scientist,
manually calculated the dates ot occurrences of
perihelion and aphelion positions ot the earth lor
the past thousands of years (600,000 years) and
presented a mathematical model based on the
aforesaid three astronomical variables (e.g. eccen-
tricity of the earth’s elliptical orbit, obliquity
including of the earth’s rotational axis, and
precession of equinoxes) to explain the advance-
ment (expansion) and retreat (contraction) of ice
sheets during Pleistocene Ice Age. His model or
theory ispopularly known as ‘Milankovitch Theory’
or ‘orbital variation theory.” The earth’s orbital
variations are known as ‘Milankovitch cycles’. The
salient features of Milankovitch theory are stated
as follows :

() The change of obliquity angle of

earth’s rotational axis from 22.1° to 24° 21' (say
24.5°) iscompleted inacycle 0f41,000 years. Such
variations in the inclination of the earth’s rotational
axis affect the amount of radiant solar energy to be
received at the earth surface, temperature distribu-
tion, general atmospheric circulation and seasons.

(ii) The change in the eccentricity of the
earth’s orbit from minimum value of 0.001 to
maximum value of 0.054 takes place in acycle of
95.000 years. Such variation causes variations in
the distance of the earth from the sun which in turn
affects the amount of insolation and temperature
distribution on the earth’s surface.

(iii) The precession of equinoxes in terms of
the perihelion position of the earth with respect to
the sun is completed in about one-half cycle of
11.000 years duration. It is believed that ‘in about
one-half cycle or 11,000 years from now, the
northern hemisphere winter season will be cooler,
and more than 23 days longer than the summer
season, because the northern hemisphere winter
willoccur while the earth moves more slowly from
the sun* (Berger, 1978, quoted by A.L. Bloom,
2002). The above view is based on the calculation
of past events that about 10,500 years before
present the northern hemisphere winter was at the
time when the earth was farthest (aphelion position
of the earth) from the sun.

CLIMATOLOGY

According to Milankovitch orbital theory
cool summers and relatively warmer winters in the
latitudinal zone of 50° to 70° in the northern
hemisphere are prerequisite conditions to induce
cold phase of the climate leading to continental
glaciation because cool summers prevent melting
of annual accumulation of snow while relatively
warmer winters induce more evaporation and
condensation leading to more snowfall and accu-
mulation of ice sheets.

It may be concluded that the eccentricity of
the earth’s orbit affects the receipt of insolation at
the earth ’s surface while the obliquity of the earth’s
rotational axis and precession of equinoxes deter-
mine the horizontal (latitudinal) distribution of
temperature over the earth *ssurface and length and
intensity of summer and winter seasons in terms of
temperature. AIll such changes and wvariations
i@uce climatic changes.

Ithas been argued by the critics of Milankovitch
orbital theory of climatic changes that ‘the ampli-
tude of the fluctuations of solar energy inferred by
Milankovitch theory are inadequate to produce the
documented climatic changes of ice ages’ (A.L.
Bloom, 2002). The advocates of this theory are of
the opinions that the aforesaid three astronomical
variables, known as Milankovitch orbital vari-
ables, have operated throughout past geological
periods and may be effective inexplaining climatic
fluctuations at least during ice ages with minor
corrections and improvements. They argue that
‘other tectonic, atmospheric, oceanographic, and
biological changes of the late Cenozoic Era, also
created an environment in which the relatively
weak orbital parameters could be expressed as
major climate changes’ (A.L. Bloom) and may act
as climatic pacemaker.

15.6 IMPORTANT DEFINITIONS

Atmospheric black clouds (ABC) : simply means
formation of layers of pollutants in the
atmosphere due to burning of fossil fuels (coal,
petroleum, natural gas etc.).

Climochronology ; Climochronology may be de-
fined as a systematic description of climatic
conditions and climatic changes in geological
history of the earth.
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climatic change

Climatic precession ‘Climatic precession is a
complex variable with principal periods of
23,000 and 19,000 years. Climatic precessional
parameter refers to the time of year when the
earth isatperihelion or closet to the sun, which
is now in early January (more precisely

January, 3)'(A.L. Bloom, 2002).

Duricrusts are indurated hardened
surfaces of different kinds such as

laterites, silcretes, calcretes, alcretes, ferricretes
etc.

Duricrusts

Eccentricity : of the earth’s elliptical orbit simply
means deviation of its elliptical orbital path
from true circular path.

Evaporites : Evaporites are the deposits repre-
sented by salt deposits in warm and arid
climatic conditions when evaporation exceeds

precipitation.
Glaciology : The science dealing with glaciers and
glaciation is called glaciology.

Greenhouse effect Greenhouse effect means
‘progressive warming-up ofthe earth’ssurface
due to blanketing effect of carbon dioxide in
theatmosphere.’

Greenhouse phase Greenhouse phase means
increase in earth’stemperature by the absorp-
tion of outgoing terrestrial intrared radiation
by certain gases i.e. greenhouse gases, mainly
carbon dioxide.

Icehouse phase : The icehouse phase refers to
lowering ot earth’s temperature leading to
beginning of glacial period.
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Maunder minimum : The prolonged period of

minimum sunspot activity is called Maunder
minimum.

Milankovitch cycle : The earth’s orbital variations
are known as Milankovitch cycles.

Palynology : The science of the study of pollen
grains and spores of plants iscalled palynology.

Obliquity of the earth’s rotational axis, or
inclination of theearth’srotational axis ‘refers
to the angle of the axis in relation to the

plane in which the earth revolves around the
sun.’

Precession of equinoxes : may be defined as the
time of the year or say the days of the year on
which the earth’s position is nearest to the sun
(perihelion position of the earth) or farthest to
the sun (aphelion position) due to varying

motions of the earth.

Proxy data : Proxy data refer to inferred data as
substitutes for real data.

Varves : Varves are the alternate sequences of
layers of fine silts and clays deposited at the
floors of lakes and large ponds in such an area
which is characterized by alternate freezing
and thawing during winter and summer sea-
sons respectively.

Year without summer : The year 1816 is known as
the year without summer in the climatic
history of the earth when the glaciers became
most active after Pleistocene ice age due to
extreme cold winter and cool summer mainly
in North America.



