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14
CLIMATIC TYPES AND BIOMES

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 
in the 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 is convenient to 

is called biom e’. Though a biome is

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.
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Table 14.1 : Types of Blomes

Biomes of the First Order Biomes of the Second Order
(based on climatic zones) (based on vcgctation)

1. TUNDRA BIOME

CL1MA

2. TEMPERATE BIOME

(i) A rctic Tundra B io m c

(ii) Alpine Tundra Biomc
(i) Boreal Forest B iom c (Taiga  

forest B io m c)

(ii) Tem perate D ecid u ou s  

Forest B iom c

(iii)  Temperate Grassland B iom c

3. TR O PIC A L BIO M E

(iv) The Mediterranean B iom e

(v) Warm Temperate B iom e

(i) Tropical Forest B iom e

(ii) Savanna Biom e

(iii)  Desert B iom e

Biomes of the Third Order

(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

(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

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

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,
(iii) 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  o f  equatorial 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 l^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 Para records 
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 a slight fall in temperature. They 
feel cold if temperature falls below 20°C and they



burn wood to ward off relative 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 notC
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 6cm. 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
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(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 
3 and 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



and moves upward and thus becom es unstable  
which causes con vectional system . The ascending  
air cools at dry adiabatic lapse rate (10°C per 
1000m) and the air soon  b eco m es  saturated and 
condensation level is reached. C louds are formed. 
In the beginning they are cum ulus and few  in 
number but as the day advances, humidity in­
creases due to increasing evaporation, the clouds  
a r e  thickened and darkness increases. By afternoon  
the w hole  sky b e co m es  overcast with thick 
cum ulo-n im bus c loud s. Thus, heavy rain starts 
with lightning and c loud  thunder. A s the day draws 
towards ev en in g  the rain b ecom es  s low  and weak  
and it co m p le te ly  stops by even ing , clouds are 
cleared and w eather b ecom es  pleasant for some  
time. The aforesaid  m echanism  is repeated daily. 
Som e tim e, this rhythm ic daily mechanism is 
interrupted as rains continue uninterruptedly for 
several days. C ontinuous rains for 40  hours have 
been reported in Ivory Coast (Africa). The most 
characteristic feature o f  equatorial rainfall is that it 
is usually  assoc ia ted  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 am ount o f  rainfall and this variability is 
more than the variability  ol temperature. The 
crops grow n  in this c lim atic  region are such that 
they require m ore moisture and thus the yeai 
having little le ss  than average annual rainfall is 
termed as a drought year becausc the crops are 
damaged. Though the word drought is unfamiliar 
in equatorial c lim atic  region but som e times brief 
drought co n d it io n s  are created. There is also 
variability of rainfall within a year. For example, 
Belem (in the Amazon Basin) receives average 
annual rainfall o f 2 3 9  cm and March receives more 
rainfall than o t h e r  months. March has 28 rainy days 
against 10 rainy days in N ovem ber. 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 i s  maximum infiltration o 
rainwater. Recent clearance ol r a i n f o r e s t s  in
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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 o f  soil erosion due to 
daily heavy rains.

Effects of Climate on Natural Vegetation

The tropical rainforest or equatorial c l i ­
matic region accounts for the largest number o f  
plant species and luxuriant growth o f  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 o f  tree species is so large and their 
diversity is so great that one hectare o f  land in the 
equatorial region accounts for 40  to 100 species. It 
may be pointed out that tree species account for 70  
per cent o f the total plant species o f  the tropical 
evergreen forests. Creepers or climbers are the 
second important members o f  the rainforests. The 
creepers comprising (i) climbers o f  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 o f  the forest’' (Furely 
and N ew ey, 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 o f  vegetation 
community consists o f  5 layers or strata viz. (i) first 
or top layer or dominant layer representing the 
canopy o f  tallest trees (30 to 60m  in height),
(ii) second layer or co-dominant layer (25m to 
30m in height), (iii) third layer o f  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 out their actual lengths. T hey  ramble through 
the forest, scaling the highest emergent trees and 
frequently looping down to the ground and then
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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, earthworms, 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 vertical 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.

(ii) 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.

(iii) 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 a typical 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

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 li ving 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.

(ii) 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 r a in f o r e s t  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 o f trees.

CLIMATIC TYPES AND BIOMES
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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 di vided 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 a year 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

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. May June Julyt
Kolkata, India

Aug. Sept. Oct. Nov. Dec. Annual

Tem. (°C) 20 23 28 30 31 30 29 29 30 28 24 21 27
Rainfall 13 24 27 43 121 259 301 306 290 160 35 3 1582
(mm)

Dakar, Senegal
Tem. (°C) 21 20 21 22 23 26 27 27 28 28 26 25 24
Rainfall 0 2 0 0 1 15 88 249 163 49 5 6 578
(mm)

Darwin, Australia
Temp (°C) 28 28 28 28 27 25 25 26 28 29 29 28 28
Rain (mm) 341 338 274 121 9 1 2 5 17 66 156 233 1562.
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

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



(a u tu m n a l equinox) high pressure centres are 
developed on the landmass of Asia during winter 
se a s o n  while low pressure is developed in  the 
southern Indian and Pacific Oceans, with the result 
p r e s su r e  gradient is developed from land areas to 
the o c e a n i c  areas resulting into the outflow of 
su r fa c e  winds from high pressure centres of the 
land areas towards oceanic low pressure areas. This 
wind system having north-east direction is called 
w in te r  m o n s o o n  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
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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 o s t  o f  t h e  t r e e s  a r e  d e c i d u o u s  b u t  t h e  

s h r u f c s o f  t h e  t h i r d  s t r a t u m  a r e  e v e r g r e e n .  T h e  t r e e s  

a r e  c h a r a c t e r i z e d  b y  t h i c k  g i r t h  o f  s t e m s ,  t h i c k ,

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. - :»•-/

The seasonal character of vegetation com­
munity in terms of dense vegetation cover,



developm ent of leaves and their evergreen form 
during rainy m onths (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.
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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 used 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,



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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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 
of temperature 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 
o f 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

some areas oflndia (the savanna oflndia 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).
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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

Fig. 14.3 : Location o f  Savanna climate.



subtropical high pressure belt and thus anticy­
clonic conditions dominate the weather and bring 
dry conditions. The descending stable winds under 
anticyclon ic 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. It is 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 
of 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) o f 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 is apparent 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 in a particular year that floods are 
caused while the following years may receive so 
•little 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 dominated by 
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) in height. The African elephant grass attains 
the enormous height of 500cm (5m). The \eayes o 
these grasses are almost flat which are she urm0 
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.

(ii) 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 5m to 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
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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 ( p y r o p h y t i c )  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):

(i) W o o d l a n d  savanna is dominated b y  t r e e s  

and shrubs which torm dense upper canopy. This 
Savanna is, thus, also called as c l o s e d  s a v a n n a *  

Inspite ot comparatively closed upper tree canopy 
ot the topmost layer, enough sunlight reaches the 
ground surface to support ground cover of h e r b a ­

ceous plants. There is more or less general a b s e n c e  

ot e p i p h y t e s  but some climbers having their roots 
in the ground are present.

(ii) Tree s a v a n n a  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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( i i i )  Shrub savanna i s  r e p r e s e n t e d  b y  t r e e l e s s  

v e g e t a t i o n  w h i c h  i s  d o m i n a t e d  b y  g r a s s e s  a t  t h e  

g r o u n d  l a y e r  a n d  s h r u b s  a t  t h e  s e c o n d  l a y e r .  I n f a c t ,  

s h r u b  S a v a n n a  i s  t w o  l a y e r e d  v e g e t a t i o n  w h e r e  t h e  

t o p m o s t  l a y e r  i s  f o r m e d  o l  s h r u b s  a n d  t h e  g r o u n d  
c o v e r  c o n s i s t s  o f  g r a s s e s .

( i v )  Grass savanna i s  c h a r a c t e r i z e d  b y  

g e n e r a l  a b s e n c e  o f  t r e e s  a n d  s h r u b s  a n d  o v e r  

d o m i n a n c e  o f  d e n s e  g r a s s e s .  T h e  g r a s s  c o v e r  i s  n o t  

c o n t i n u o u s ,  r a t h e r  i t  i s  s e p a r a t e d  b y  i n t e r v e n i n g  

p a t c h e s  o f  g r a s s l e s s  a r e a s .

T h e  f r e q u e n t  f i r e s ,  b o t h  n a t u r a l  a n d  

a n t h r o p o g e n i c  ( i n t e n t i o n a l  a n n u a l  b u r n i n g  o f  

g r a s s e s  b y  m a n ) ,  a r e  c o m m o n  f e a t u r e s  o f  a l l  t h e  

a f o r e s a i d  S a v a n n a  b i o m e s .  T h o u g h  m a n y  o r g a n i c  

m a t e r i a l s  a r e  d e s t r o y e d  d u e  t o  a n n u a l  b u r n i n g  o f  

g r a s s e s  b y  m a n ,  r e g u l a r  f i r e s  in  S a v a n n a  g r a s s l a n d s  

a r e  v e r y  i m p o r t a n t  e c o l o g i c a l  p r o c e s s e s  b e c a u s e  

t h e s e  f a v o u r  r e g e n e r a t i o n  o f  g r a s s  e v e r y  y e a r ,  

m i n e r a l i s a t i o n  o f  l e a f  l i t t e r  a n d  r e g u l a t i o n  o f  

f a u n a .  ‘T h u s ,  f i r e  a p p e a r s  t o  b e  a  n o r m a l  p a r t  o f  t h e  

S a v a n n a  b i o m e  a n d  o n e  o f  t h e  m a j o r  f a c t o r s  i n  i t s  

n a t u r e — S a v a n n a  ( i s )  a  d e l i c a t e  b a l a n c e  o f  t h e  

o u t c o m e  o f  c l i m a t e ,  s o i l s ,  v e g e t a t i o n ,  a n i m a l s  a n d  

f i r e ,  w i t h  f i r e  a s  t h e  k e y  a g e n t  w h e r e b y  m e n  h a v e  

c r e a t e d  t h e  b i o m e ;  a s  i t  n o w  s t a n d s  t h i s  b i o m e  in  

A f r i c a  c a n n o t  b e  r e g a r d e d  a s  c l i m a t i c  c l i m a x  b u t  

a s  a  p r o d u c t  o f  h u m a n  a c t i v i t y ’ ( I . G .  S i m m o n s ,  

1 9 8 2 ) .

N o  d o u b t ,  f r e q u e n t  b u r n i n g  o f  g r a s s e s  b y  

m a n  h a s  b e e n  r e s p o n s i b l e  f o r  t h e  e v o l u t i o n  o f  a  f e w  

f i r e - r e s i s t a n t  s p e c i e s  o f  t r e e s  a n d  g r a s s e s  s u c h  a s  

I m p e r a t a  s p p  ( a  t y p e  o f  g r a s s ) .

Animal Community

I t  m a y  b e  p o i n t e d  o u t  t h a t  a n i m a l  c o m m u n i ­

t i e s  o f  d i f f e r e n t  S a v a n n a  a r e a s  o f  t h e  c o n t i n e n t s  

s h o w  a  w i d e  r a n g e  o f  s p e c i e s  d i v e r s i t y  b e c a u s e  o f  

t h e  f a c t  t h a t  ( i )  d i f f e r e n t  S a v a n n a  a r e a s  h a v e  

d e v e l o p e d  d i f f e r e n t l y  i n  d i f f e r e n t  e n v i r o n m e n t a l  

c o n d i t i o n s  d u r i n g  v a r i o u s  s t a g e s  o l  e v o l u t i o n ,  a n d

( i i )  t h e  d e g r e e  o f  h u m a n  i n t e r f e r e n c e  h a s  g r e a t l y  

v a r i e d  i n  d i f f e r e n t  S a v a n n a  r e g i o n s .  T h e  a v a i l a b i l ­

i t y  o f  f o o d  d u r i n g  d i f f e r e n t  s e a s o n s  d e p e n d s  o n  t h e  

e n v i r o n m e n t a l  c o n d i t i o n s .  S i n c e  t h e r e  i s  m a x i m u m  

g r o w t h  a n d  d e v e l o p m e n t  o f  v e g e t a t i o n  d u r i n g  w e t  

s u m m e r  s e a s o n  a n d  a l m o s t  b a r r e n  g r o u n d  d u r i n g  

tfry  s u m j B e r  s e a s o n  a n d  h e n c e  t h e r e  i s  a b u n d a n c e  o f
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f o o d  d u r i n g  w e t  s e a s o n  b u t  t h e r e  i s  m a r k e d  s c a r c i t y  

o f  f o o d  d u r i n g  d r y  s e a s o n .  T h i s  s e a s o n a l  r e g i m e  o f  

t h e  a v a i l a b i l i t y  o f  a n i m a l  f o o d  h a s  l a r g e l y  a f f e c t e d  

a n i m a l  c o m m u n i t y  in  t h e  S a v a n n a  b i o m e .  S e c ­

o n d l y ,  h u n t i n g  o f  a n i m a l s  b y  m a n  h a s  a l s o  

a d v e r s e l y  a f f e c t e d  t h e m .  I n s p i t e  o f  t h e s e  l i m i t i n g  

f a c t o r s  t h e  S a v a n n a s  a r e  c a p a b l e  o f  s u p p o r t i n g  a  

v e r y  d i v e r s e  f a u n a .

T h e  A f r i c a n  S a v a n n a  a c c o u n t s  f o r  t h e  l a r g e s t  

n u m b e r  a n d  t h e  g r e a t e s t  v a r i e t y  o f  g r a z i n g  v e r t e ­

b r a t e  m a m m a l s  in  t h e  w o r l d .  F o r  e x a m p l e ,  t h e  E a s t  

A f r i c a n  S a v a n n a  c a r r i e s  4 0  s p e c i e s  o f  v e r y  l a r g e  

h e r b i v o u r o u s  m a m m a l s  s u c h  a s  A f r i c a n  b u f f a l o ,  

z e b r a ,  g i r a f f e ,  e l e p h a n t s ,  m a n y  t y p e s  o f  a n t e l o p e s ,  

h i p p o p o t a m u s  e t c .  o f  w h i c h  e v e n  1 6  s p e c i e s  g r a z e  

t o g e t h e r  in  t h e  s a m e  h a b i t a t .  O n  t h e  o t h e r  h a n d ,  t h e  

S o u t h  A m e r i c a n  a n d  A u s t r a l i a n  S a v a n n a s  d o  n o t  

h a v e  l a r g e  n u m b e r  o f  g r a z i n g  m a m m a l s  s i m i l a r  t o  

t h e  A f r i c a n  S a v a n n a  b u t  g r e a t  v a r i e t y  o f  b i r d s  l i k e  

t h o s e  o f  t h e  A f r i c a n  S a v a n n a  i s  i n v a r i a b l y  f o u n d .  

T h e  A u s t r a l i a n  S a v a n n a  i s  d o m i n a t e d  b y  m a r s u p i ­

a l s  ( t y p i c a l  m a m m a l s  o f  S o u t h  A m e r i c a n  a n d  

A u s t r a l i a n  o r i g i n  h a v i n g  p o u c h  in  t h e i r  b o d i e s  t o  

k e e p  a n d  f e e d  t h e i r  o f f s p r i n g s ) .  T h e r e  a r e  a t  l e a s t  5 0  

s p e c i e s  o f  k a n g a r o o  in  t h e  A u s t r a l i a n  S a v a n n a  

w h i c h  g r e a t l y  v a r y  in  s i z e  r a n g i n g  f r o m  v e r y '  l a r g e  

r e d  k a n g a r o o  ( 1 . 5 m  t a l l )  t o  v e r y  s m a l l  s p e c i e s  o f  

w a l l a b y  ( o n l y  3 0  c m  in  h e i g h t ) .  T h e  l a r g e  g r a z i n g  

m a m m a l s  o f  t h e  S o u t h  A m e r i c a n  S a v a n n a s  i n c l u d e  

d e e r  a n d  g u a n a c o .  B e s i d e s ,  t o u c a n s ,  p a r r o t s ,  

n i g h t j a r s ,  k i n g f i s h e r s ,  d o v e s ,  f i n c h e s ,  p a r a k e e t s ,  

w o o d  p e c k e r s  a r e  a l s o  f o u n d  i n  l a r g e  n u m b e r  i n  t h e  

S o u t h  A m e r i c a n  S a v a n n a s .

I t  m a y  b e  p o i n t e d  o u t  t h a t  r e l a t i v e l y  l e s s  

d e n s e r  c o v e r  o f  v e g e t a t i o n  i n  t h e  S a v a n n a  b i o m e  

p r o v i d e s  m a x i m u m  m o b i l i t y  t o  t h e  a n i m a l s  a n d  

t h u s  t h e  S a v a n n a  g r a s s l a n d s  h a v e  b e e n  r e s p o n s i ­

b l e  f o r  t h e  o r i g i n  a n d  e v o l u t i o n  o f  g r e a t  n u m b e r  o f  

l a r g e  m a m m a l s  ( l i k e  e l e p h a n t ,  g i r a f f e ,  z e b r a ,  

g a n d a ,  h i p p o p o t a m u s ,  a n t e l o p e s  e t c . )  a n d  b i r d s  

s u c h  a s  c o u r s e s ,  b u s t a r d s ,  g a m e  b i r d s ,  o s t r i c h ,  a n d  

s e v e r a l  n o n - f l y i n g  b i r d s  l i k e  e m u .

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-Isopetra, ants and arthropods (like spiders,



scorpions etc.) which are found profusely in the 
various parts o f  the Savanna regions. The density  
of oligachaete worms, spiders and insects in the 
Guinea Savanna o f  tall grasses o f  the western  
Africa is 50 ,000  to 6 0 ,0 0 0  per 300  square meters o f  
area during dry season but the density o f  these  
organisms increases to 1 ,00 ,000  during wet season  
because o f  regeneration o f  dense cover o f  green 
grasses. The rainy season is characterized by the 
dominance o f  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 
cqmpetition 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 
, Grant’s gazelle, harte-

3 1 0
( i i )  A n i m a l s  h a v i n g  p a r t i a l  m o v e m e n t  d u r ­

i n g  d r y  s e a s o n ,  e . g .  i m p a l a

( i i i )  A n i m a l s  h a v i n g  p a r t i a l  m o v e m e n t  

d u r i n g  w e t  s e a s o n  e . g .  w a r t h o g ,  d i k d i k ,  w a t e r b u c k ,  

r h i n o  e t c .

( i v )  A n i m a l s  m i g r a t i n g  d u r i n g  d r y  s e a s o n ,  

e . g .  b u f f a l o ,  z e b r a ,  w i l d  b e e s t ,  e l a n d ,  e l e p h a n t  e t c .

(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 a yearlong 
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 of trees b e c a u s e  frequent fires 
are not conducive for luxuriant growth of trees*

CLIMATOLOqy
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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 
a r e a  of 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.

CLIMATIC TYPES AND BIOMES

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 is found 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 o f  perpetual
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Fig. 14.4 : Location o f  tropical-subtropical hot dry desert climate-Sahara type o f 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 of 58°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 is because of opened  
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 is rapid 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 Irrespectively  
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$



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 5 to 10 years 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 runoff and the remaining water 
is evaporated 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 e x i c o  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. It 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.

c l im a t ic  t y p e s  a n d  b io m e s

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 at all, 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 hemispheres in 
the western parts of the continents (fig. 14.5). This

Natural Vegetation



climatic region includes (A) European, Asiatic and 
African lands bordering the Mediterranean Sea e.g. 
(1) European lands —  Rhone-Saone Valleys of  
France, southern Italy, Greece; (2) Asiatic Ian^ -  
western Turkey, Syria, Lebanon, western Israel; (3) 
north-coastal Africa— Morocco, northern Algeria  
and Tunisia and the area north o f  Bengasi in Lybia,
(B) central and southern California in the U SA , (C) 
central Chile in South America, (D) the Capetown  
area o f  South Africa, and (E) the coastal zones o f  
southern and south-western Australia. The M edi­
terranean type o f  climate owes its origin to the
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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

s e a s o n a l  shifting of wind and pressure belts due to 
northward (summer solstice) and southward mi­
gration (winter solstice) of the sun. Thus, these 
a r e a s  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 giVe 
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.

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

Fig. 14.5 : S patia l D istribution o f  M editerranean C lim ate



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 
- l .l°C an d  -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. Csa and Csb. 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
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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) has only 11,12, lOand lOrainy 
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, 

■ there 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 stiff and 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- 
v ened 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,LobelIia, 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



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

(i) European Mediterranean Biome is
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.

(ii) 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.

(iii) South African Mediterranean Biome is 
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.

(iv) Australian Mediterranean Biome is 
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 
of annual rainfall is characterized by the dominance 
of eucalyptus forest which is replaced by jarrah 
forest in the north. Further northward the 1 orest 
cover becomes thin and is finally replaced by 
grasslands. .Wtelle scrubs have developed to the 
north and east of grasslands. There are numerous 
animals in the malle scrubs.

The average net primary prod activity (NPP) 
of the Mediterranean biome is about700dry grams 
per square meter per year whereas the total net 
primary production of all parts of the Meditensb 
nean biome is 6 x IG9 tons 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 a browsing 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. 
The other important animals include several 
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, a type of antelope, has now beeomearare 
species and has been pushed to remote areas. Some 
animal species, which were very im p o r ta n t  before 
the arrival of Europeans in this area, have no^



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 m ountainous areas); baboons and leop­
ards (which also live though in very small number, 
in the rem ote hilly and m ountainous 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. If undestroyed, 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.
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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 o f climate, clim atologically  

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 o f  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 fo llow ing  
regions-south-east and south China (south o f  
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 o f  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 o f China type o f  climate.

The coastal parts of China type 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

Temperature 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*'



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 is wide 
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
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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, (ii) 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 15 cm 
of August rainfall is received in only 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 (BSk) 
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

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 c 
GrasslandPustaz

Pretoria
Downs

Temperate Grassland 

Warm Ocean Currents
Canterbury
Grassland

Fig. 14.7 : Spatial distribution of temperate steppe or grassland climate.



T»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 o f  temperate 
grasslands from the nearest sea. Winnipeg records 
-20°C in January. 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 US A) 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
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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, a few 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 gro wth 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 for the 
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 also join 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 it extends from eastern Europe to western 
Siberia and between temperate coniferous forest in 
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
(ii) 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



CUfrAATIC TYPES AND BIOMES

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.

(ii) 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 
the extreme southern and south-western parts of the 
Russian Steppes where the xerophytic 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.

(ii) 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).

(iii) 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



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.

(4) African Veld has developed on the high 
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.

(i) Themeda veld has developed at the 
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.
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(ii) 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 in the 
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
ian coast) to north (interior land) in accordance 
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.

(i) 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.

(ii) 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 
species of grasses such as Danthonia and Stipa 
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 a n d .  the 
grasses, which have developed in this biome, are 
adapted to dry conditions. The i m p o r t a n t  species of 
this biome are Aristida and Mulga (a shrub 
species).



(6) Canterbury Grasslands of New Zealand 
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
(ii) 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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temperate 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.
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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 Biome is 
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’ (I.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



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.

(ii) 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.

(iii) 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 1 l.°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



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 of 56.5 cm of Paris is received 
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.

CLIMATIC TYPES AND BIOSES

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 is characterized 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

Natural Vegetation



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.

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 in the month of July. 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.

Equator

23.5°S

“C T

1 1

Arctic Tundra 
Taiga

Fig. 14.8 : Location o f  taiga and tundra types o f  climate.

Precipitation

The subarctic or taiga type of climate is 
characterized by low mean annual precipitation 
because (i) extremely low temperature for longer

period of the year does not favour evaporation and 
thus there is very low amount o f  absolute humidity 
in the air, (ii) the regions failing in ta i |a  type of 
climate are located in the leeward sides of



coatinents and 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 o f  climate:

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

(ii) H e a v y  sn ow fa ll  during winter season.

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

(iv) Cool summer o f  short duration having 
precipitation in liquid form (rainfall and melting o f  
snow cover).

(v )  G r o w in g  period o f  vegetation ranging 
from 50days a year along the northern boundary to 
100 days along the southern boundary.

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

(v ii )  E xtrem e annual range o f  temperature 
(ranging betw'een 25°C during summer months and 
40°C  during w inter m onths).

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
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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 clim ate is found in 
North America and Eurasia between the southern  
limit o f  the permanent ice caps in the north and the 
northern limit o f  taiga or subarcitc clim ate in the 
south. Thus, tundra climate has developed  over  
parts o f  Alaska (U SA ), extreme northern parts o f  
Canada, the coastal strips o f  Greenland and the  
arctic seasboard regions o f  European R ussia and 
northern Siberia. Besides, tundra clim ate has also  
developed over arctic islands (fig. 14.8). Vegetations  
rapidly change to the north o f  treeline because o f  
increasing severity o f  climate.

Tundra climate is further divided into tw o  
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 o f  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. It is 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 cl imate 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 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 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 lrom 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 a ragged 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 a year. 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 of autumn 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



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 
is motivated 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/m2/year) 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 109 tons per
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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 a permanent 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.



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.
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14.11 IMPORTANT DEFINITIONS 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 ca lled ‘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.

CLIMATOLOGY



15
CLIMATIC CHANGE

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 
to drastic 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 
in atmospheric composition in terms of concentra­
tion of atmospheric aerosols and carbon dioxide 
contents etc. or by internal factors such as

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 a reality because the climate of a region 
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 (l)  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.



T h e  c l im a t ic  c h a n g e s  are  s u p p o se d  to  be 
q u ic k  an d  ra p id  r a th e r  than  slow an d  g ra d u a l  b u t  
th is  m a y  n o t  be a lw a y s  true  as  c l im a te  c h a n g e s  
b o th  g ra d u a l ly  a n d  rap id ly ,  p a r t ly  a n d  drastica lly^  
F o r  e x a m p le ,  th e c l im a t ic  ch an g e ,  w h ich  o c c u r re  
d u r in g  Ju ra ss ic  p e r io d  lead ing  to m ass  e x t in c t io n  
o f  d in a s a u r s  d u e  to  su d d en  on se t  o f  c o ld  c l im a te ,  
w as  rap id  and  in s ta n tan eo u s .  In  fac t,  the  ra te  o f  
c l im a t ic  ch a n g e s  d ep e n d s  on the  n a tu re  o f  causa l  
fac to rs .  T h e  rap id  Ju rass ic  c l im a tic  c h a n g e  is 
re la ted  to su d d en  c o l l is io n  o f  the ea r th  an d  a g ian t 
m e te o rs  an d  c o n s e q u e n t  re lease  o f  e n o rm o u s  
am o u n t  o f  du s ts  in the  a tm o sp h e re .  O ne  can n o t  
in fer  the na tu re  o f  lo n g -p e r io d  c l im a te  on  the basis  
o f  p re sen t-d a y  c l im a tic  c o n d i t io n s .  It is a lso  an 
ob se rv ed  fac t th a t  the  ‘cool pe r io d s  o f  earth  
h is to ry  a re  p e r io d s  o f  g rea te r  than  n o rm al c l im a tic  
in s ta b i l i ty ’ (J . E. H obbs , 1980).

T he  hu m an  society  w ith  p resen t-day  w eather  
co n d i t io n s  is se ized  w ith  the  p ro b lem s  o f  poss ib le  
c l im atic  c h a n g e s  in n ear  fu ture . T he  m ost s ig n if i ­
can t  g loba l e n v iro n m e n ta l  p ro b lem  faced  by the 
w orld  c o m m u n ity  is global environmental changes 
(G E C ) le ad in g  to p ro b ab le  c l im atic  changes  
c o n s e q u e n t  upo n  g loba l w a rm in g  resu lt ing  from  a 
h o s t  o f  causa l  fac to rs ,  nam ely  o zo n e  dep le tion , 
in c re a s e  in the  em iss io n  o f  green  h ouse  gases  at 
a l a rm in g  ra te ,  d e fo res ta t io n  etc. T h e  p ro b ab le  net 
r e s u l t  o f  g lo b a l  w arm in g  w ould  be c lim atic  
c h a n g e s  a t  lo ca l ,  reg io n a l ,  and  global levels . T he  
in te rn a t io n a l  c o m m u n i t ie s  a re  scared  o f  c a ta ­
s t ro p h ic  a d v e r s e  e f fec ts  o f  fu tu re  c l im atic  
c h a n g e s  on  d i f f e r e n t  sp h e re s  o f  m an and nature , 
e .g . d e g la c ia t io n  an d  se a  level ch an g e s ,  s u b m e r­
g e n c e  o f  is la n d  n a t io n s  and  m a jo r  coas ta l  lo w ­
lan d s ,  a tm o s p h e r ic  d y n a m ic s  in c lu d in g  e v a p o ra ­
tion an d  p re c ip i ta t io n ,  g lo b a l  ra d ia t io n  ba lance , 
p h o to s y n th e s i s  an d  e c o lo g ic a l  p ro d u c t iv i ty ,  p lan t 
an d  a n im a l  c o m m u n i t ie s ,  h u m a n  hea lth  and  m any  
m ore . I tm a y  be  su m m a r iz e d  tha t c l im a t ic  c h a n g e  is 
-areality ,  it h a s  c h a n g e d  in th e  pas t,  it is c h a n g in g  at 
th e  p resen t ,  a n d  i tw i l l  c h a n g e  in fu tu re .  T h e  c h an g e  
o f  c l im a te  m ay  be  s low  a n d  g ra d u a l ,  rap id  and  
c a ta s t ro p h ic ,  p e r io d ic ,  s e m i-p e r io d ic  o r  n o n -p e r i ­
o d ic ,  s h o r t - te rm  o r  lo n g - te rm ,  m ay  be  a t  loca l,  
r e g io n a f a n d  g4obal s ca le s ,  i t m a y  be  d u e  to  n a tu ra l  
f a c to rs  o r  a n th ro p o g e n ic  fac to rs .  I t  is, thus ,  
n e c e s s a ry  -to d is c u s s  v a r io u s  a s p e c t s  o f  c l im a t ic
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c h a n g e s ,  namely scales o f  c l im a t ic  c h a n g e s  (both 
s p a t ia l  a n d  te m p o ra l  s c a le s ) ,  in d ic a to r s  o f  c limatic 
c h a n g e s  ( i .e .  e v id e n c e s  o f  c l im a t ic  changes)  
reconstruc tion  o f  p a laeco l im ates  (clim ochronology) 
c a u s e s  o f  c l im a t ic  c h a n g e s ,  th e o r ie s  o f  c limatic 
c h a n g e s ,  an d  e f f e c t s  o f  c l im a t ic  c h a n g e s  on both 
n a tu re  an d  b io lo g ic a l  c o m m u n i t ie s  including 
h u m a n  b e in g s .

15.2 SCALE DIMENSION

T h e  c l im a t ic  v a r ia t io n s  a n d  c h a n g e s  are 
v ie w e d  in te rm s  o f  te m p o ra l  a n d  sp a tia l  scales 
d e p e n d in g  on  th e  p u rp o s e  o f  s tu d ie s .  T h e  tem poral 
sca le s  o f  c l im a t ic  c h a n g e s  r a n g e  f ro m  a very 
m ic ro -sc a le  in v o lv in g  1 0 -day  p e r io d  to m acro- 
te m p o ra l  sca le  in v o lv in g  th o u s a n d s  to  m ill io n s  of 
years .  'T h e  v a r ia b i l i ty  m a y  b e  p e r io d ic  (A ),  quasi- 
p e r io d ic  (B ), o r n o n -p e r io d ic  (C ) ,  o r  a l te rna t ive ly  
it may sh o w  a p ro g re s s iv e  t r e n d ’ (Barry and 
C h o r ley , 2 0 0 2 ) .  It m a y  be  m e n t io n e d  th a t  spatial 
and te m p o ra l  sca le s  o f  c l im a t ic  c h a n g e s  are 
co rre la ted  e .g .  as the te m p o ra l  s c a le  o f  c h a n g e  
beco m es  sh o r te r ,  the  a re a  a lso  b e c o m e s  s m a l le r .  In 
o ther  w ords , the  c h a n g e s  m a y  be m o re  p e rc e p t ib le  
and p ro n o u n c e d  in lo c a l iz e d  a re a  d u r in g  short  
period  o f  re c o rd e d  c l im a t ic  d a ta ,  b u t  i f  w e 
co n s id e r  c l im a t ic  d a ta  at re g io n a l  le v e l  in v o lv in g  
la rge  c o u n tr ie s  o r  c o n t in e n ts ,  an d  a t  g lo b a l  lev e l ,  
the local leve l  c h a n g e s  a re  o v e r s h a d o w e d .  T h u s ,  
the c l im a t ic  c h a n g e s  m a y  be  v ie w e d  in t e rm s  o f  
th ree  te m p o ra l  sca le s ,  n a m e ly  (i)  m a c ro - te m p o ra l  
sca le  (m il l io n s  of y e a rs ) ,  (ii)  m e s o - t e m p o r a l  scale  
( th o u san d s  o f  yea rs ) ,  an d  (ii i)  m ic ro - te m p o ra l  scale 
(h u n d re d s  o f  y e a rs ) .  T h e s e  th re e  te m p o ra l  scales 
c o r re sp o n d  to g lo b a l ,  r e g io n a l ,  a n d  loca l spatial 
scales . A t re g io n a l  an d  lo ca l  s p a t ia l  s c a le s  the 
c l im a tic  v a r ia b i l i ty  ca n  be  lo o k e d  u p o n  a t  even 
s h o r te r  t e m p o r a l  s c a le s  w h ic h  m a y  r^nge  
from  very  m ic ro - te m p o ra l  s c a le  to  in c reas ing  
tim e  span  e .g .  ( 1 ) 1 0  d a y s  t im e  sca le ,  (e )  10-100 
day s  t im e  sca le ,  (3 )  1 0 0 -1 0 0 0  d a y s  t im e  scale,
(4) 1 0 0 0 -1 0 0 0 0  d a y s  t im e  s c a le  e tc .  I t  may 
be r e m e m b e re d  tha t su ch  c h a n g e s  m a y  be 
d e te c te d  o n ly  i f  th e  in s t ru m e n te d  d a ta  a re  very 
a c c u ra te  and  re g u la r .  T h e  c l im a te  c h a n g e s  which 
o c c u r re d  in th e  pas t,  s a y  b e fo re  th e  industria l 
re v o lu t io n ,  c a n n o t  be  v ie w e d  in  ^ u c h  a  m icro- 
te m p o ra l  sca le s .



Generally, climatic changes are considered 
at two levels e.g. (I) 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.

15.3 INDICATORS OF CLIMATIC CHANGES

T h e  e v id e n c e s  o f  c l im a t ic  changes  in the 
past, .w h ich  are u ti l iz e d  in the  reco n s tru c tio n  o f  
climochronology (h is to ry  o f  p a laeo c l im a tes )  are 
called in d ic a to r s  o f  p a s t  c l im a t ic  changes.  The 
riddle o f  r e c o n s t ru c t io n  o f  p a laeo c l im a tes  is a 
fascinating p u z z le ,  th e  so lu t io n  o f  w hich  basically  
depends on  proxy data (w h ic h  inc lude  a l te rna tive  
soflfrces o f  d a t a  as  su b s t i tu te s  fo r  real data)  and 
logical d e d u c t io n s  by  the  in v es t ig a to rs .  It m ay be 
mentioned th a t  r e c o rd e d  d a ta  o f  w eather  and 
climate are a v a i la b le  o n ly  s in ce  indus tr ia l  r e v o lu ­
tion, m ore  p re c i s e ly  fo r  the  last 100 years  o r so, and 
hence proxy d a ta  fo r  r e c o rd e d  d a ta  are  the only 
indicators to d e c ip h e r  th e  p a g e s  o f  past c l im atic  
history and  c h a n g e s  on  th e  bas is  o f  H u tton ian  
theory o f  uniformitiarianism (p o s tu la te d  by S co t­
tish geologist, James Hutton in the  y ea r  1785). This  
theory was based on two c o n c e p ts  o f  H u tton ,  
namely (i) ‘present is key to the past , and  (ii) no 
v«stige of a beginning, no prospect of an end. T h e  
Principle of u n ifo rm ita r ia n ism  sta tes  tha t the same 
physical processes and laws that operate today, 
°perated throughout geological time, although not 
^cessarily always with the same intensity as now 
button postulated same intensity of processes 
throughout geological time).

The indicators (dues) of palaeoclimates 
be classified on the basis of basic sources as

r°Hows:
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(1) Biological Indicators
(A) Floral indicators

( i )  f o s s i l  r e m a in s  o f  p la n t s  •

( i i )  f o s s i l i z e d  p o l l e n s

( i i i )  o x y g e n  i s o t o p e s

( i v )  t r e e  r in g  g r o w t h  

( d e n d r o c h r o n o lo g y ) )

(B) Faunal indicators (evidences)
( i )  f o s s i l i z e d  a n im a l  r e m a in s

( i i )  d is t r ib u t io n  a n d  d i s p e r s a l s  o f  a n i ­

m a ls

(2) Geological Indicators
(A) Terrigeneous ancient deposits

( i )  la c u s t r in e  d e p o s i t s  

( v a r v e s )

( i i )  e v a p o r i t e  d e p o s i t s

( i i i )  s e d im e n t a r y  d e p o s i t s  ( c o a l s )

(B) Marine deposits
( i )  s e a  f l o o r  d e p o s i t s

(C) Pedogenic indicators
(3) Cryogenic Indicators

(A) Glaciation
( i )  i c e  a g e s

( i i )  g la c i e r s  a n d  g la c ia t io n

( i i i )  i c e  s h e e t s  a n d  i c e  c o r e s

(B) Periglacial evidences
(4) Tectonic Indicators

(A) Plate tectonics
( i )  p o l e  w a n d e r in g  a n d  c o n t in e n t a l  

d r if t

( i i )  p a la e o m a g n e t i s m  a n d  s e a  f l o o r  

s p r e a d in g

(B) Sea level changes
( 5 )  Geomorphological Indicators

(A) Morphological features
(i) erratics

(ii) sand dunes
(iii) river terraces



(iv) duricrusts
(v) pediments

(iv) tors
(B) Geomorphological processes

(6) H istorical Records
(i) flood  reco rd s

(ii) drought records
(iii) m ig ra tion  o f  m an  and an im a ls

1. Biological Indicators

T he  fo ss i l iz ed  o rg a n ic  re m a in s  o f  p lan ts  
and an im als  (i.e. o rg a n ic  re s id u e s )  p ro v id e  s ig n if i ­
can t ev id en ces  and  p ro x y  da ta  fo r  c o n te m p o ra ry  
c l im atic  c o n d i t io n s  m a in ly  te m p e ra tu re s  and 
m ois tu re .  It m ay  be m e n tio n e d  tha t the  na tu re  and 
types  o f  o rg a n ism s  and  the ir  h ab i ta ts  are  d e te r ­
m ined  by  a c l im a t ic  type . A f te r  the ir  d ea th s  the 
p lan ts  and  a n im a ls  are  p re se rv e d  in the fo rm s  o f  
fo s s i l iz ed  o rg a n ic  re m a in s  in the  c o n tem p o ra ry  
and  s u b se q u e n t  g eo lo g ic a l  fo rm atio n s .  T he  a n a ly ­
sis o f  such  o rg a n ic  foss i ls  th rough  the app lica tion  
o f  p ro p e r  te c h n iq u e s  (e.g . ca rb o n  da ting , oxygen  
iso tope  analysis , pollen  analysis , dendrochronology  
e tc .)  r e v e a ls  im p o r ta n t  c lues  to d e c ip h e r  c o n te m ­
p o ra ry  p as t  c l im a te s .  T h e  b io lo g ica l  in d ica to rs  fall 
u n d e r  tw o  b ro ad  c a te g o r ie s  e.g. ( I )  p lan t (f lo ra l)  
in d ic a to rs ,  and  (2) an im al in d ica to rs  (faunal 
in d ic a to rs ) .

(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 
uniform itarianism , 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.
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For example, the fossil remains of plants having 
long roots, thick barks, waxy leaves, thorns, litfe  
leaves etc . in d ic a te  warm and dry climate (warm 
d e s e r t  c l im a te ) ,  while plants having drip leaves 
are in d ic a to rs  o f  w a rm  and very moist conditions 
( t ro p ica l  r a in fo r e s t  c l im a te ) .  Now question arises, 
w hy  p la n t  p h y s io lo g y  indicates a particular 
c l im a te ?  The a n s w e r  is s im p le ,  the physiological 
c h a ra c te r i s t ic s  o f  p la n ts  are indicative of their 
a d a p ta t io n  to  p a r t i c u la r  ty p e  o f  climatic condi­
tions. A few  m o re  e x a m p le s  may be cited. The 
vege ta tion  c o m m u n i ty  h a v in g  sclerophyllouschar- 
ac te r is t ic s  ( s t i f f  and  h a rd  leaves and stems with 
th ick  b a rk s)  can  w ith s ta n d  extreme aridity of 
s u m m e r  seaso n .  T h e  p la n t  r e m a in s  of such 
s c le ro p h y l lo u s  v e g e ta t io n  in d ic a te  d ry  sum m er 
and w et w in te r  c l im a te  ( M e d i te r r a n e a n  type of 
c l im a te ) .  T h e  c ry o p h y te  v e g e ta t io n s  are well 
adap ted  to s ev e re  co ld  c o n d i t io n s  as th e y  develop 
such u n iq u e  fe a tu re s  w h ich  e n a b le  th e m  to 
w iths tand  e x t re m e  co ld  c o n d i t io n s .  T h u s ,  the 
fossil rem ains  o f  c ry o p h y te  p la n ts  in d ic a te  cold 
c lim atic  c o n d i t io n s  ( tu n d ra  c l im a te ) .

T he  rem a in s  o f  v e g e ta t io n  in th e  th ic k  co a l  
seam s o f  C a rb o n i fe ro u s  p e r io d  w o r ld o v e r  are 
re la ted  to h o rse ta i ls  and  c lu b  m o s s e s  w h ich  
dev e lo p  in m arsh  and  sw a m p  e n v i ro n m e n t .  T he  
fossil rem a in s  o f  trees  in C a r b o n i f e r o u s  coal 
seam s do not in d ic a te  an n u a l  r in g  g ro w th  w hich  
revea l the fact th a t  such  tree s  th r iv e d  in w a rm  and 
m ois t  c l im a te  w ith  no a p p re c ia b le  seasona l 
con tra s ts .

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 fc>r 
deciphering the climate in which that vegetation 
type might have developed. The pollen analyst



involves the  id e n tif ica t io n  o f  layered  seq u en ce  o f  
pollen  g ra in s  in  the  te rr igenous  sed im en ts ,  the 
dating o f  p o l le n  g ra in s  o f  each  layer, d e te rm in a ­
tion o f  v eg e ta t io n  type  o f  each  layer and  f inally  the 
de te rm in a tio n  o f  c l im atic  cond ition  o f  each 
vegeta tion  ty p e  (fig. 15.1). Fig. 15.1 dep ic ts  the 
pollen  a n a ly s is  te ch n iq u e  w here in  the fossilized  
pollen g ra in s  p re se rv e d  in lacustr ine  deposits  o f  
lower, m id d le  and  u p p e r  layers  d en o te  d o m in an ce

CliMATIC CHANGE

o f  p ine  in the low er layer, p revalence  o f  p in e  and 
spruce in the m idd le  layer, and oak, beech  a n d  
spruce species o f  trees in the upper layer under  the 
m odern  p lan t covers . On the basis o f  the p rin c ip le  
o f  un ifo rm itarian ism , the low er and m iddle  layers  
hav ing  pollen grains o f  p ine and spruce ind icate  
cool c lim ate  w hile  the upper layer con ta in ing  
pollen grains o f  oak, beech and spruce trees reveals 
the p revalence  o f  w arm  and m oist c lim ate.
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Fig. 15.1 : P resen ta tion  o f  simplified, m ethod o f  pollen analysis fo r  the reconstruction o f  palacoelim ates. A fter J.E.
O liver  a n d  J.J. H indore, 2003.

It m a y  b e  r e m e m b e r e d  th a t  p o llen s  o f  
flow ers o f  p la n ts  a re  b lo w n  a w ay  by  w in d s ,  they 
settle d o w n  on  la n d  s u r fa c e  as w ell as w ate r  
surfaces o f  la k e s ,  p o n d s  e tc .  T h e  p o l le n s  d ep o s i te d  
on land su r fa c e s  m a y  d e c a y  a f te r  lap se  o f  t im e  bu t 
pollen g ra in s  f a l l in g  on  w a te r  s u r fa c e s  s in k  d o w n  
and are  d e p o s i te d  in th e  la y e rs  o f  s e d im e n ts .  T h e  
pollens so  fo s s i l iz e d  in d i f f e r e n t  s e d im e n ta ry  
layers are  id e n t i f i e d  a n d  th e ir  p la n t  s p e c ie s  are  
determined. The identification of p la n t  species on 
the basis of their pollen grains then helps in 
determining the climatic conditions on the basis of 
present relationship between plant ty p e s  and 
a**ociated climatic conditions.

Insp ite  o f  w ide use  o f  po llen  ana ly s is  
te ch n iq u e  in de te rm in ing  vege ta t ion  types  and  
assoc ia ted  c l im atic  cond itions  th is  m e th o d  su ffe rs  
f ro m  the  fo l lo w in g  shortcom ings .

(i) In  the  case  o f  m ix ed  v eg e ta t io n  area  
hav in g  several p lan t  species,  the  po llen  g ra in s  are  
m ix ed  and  in such  c i rc u m stan c es  it b eco m es  
d if f icu lt  to sep a ra te  p o llen  g ra in s  o f  d o m in a n t  and  
co -d o m in an t  p la n t  species and  h en ce  th is  tech n iq u e  

fa ils  to  g ive  d es irab le  resu lt .
(ii) T h e  w inds  can  carry  th e  p o llen  g ra ins  and  

d ep o s i t  them  in d is tan t  p laces  aw ay  f ro m  th e  a rea  o f  
the  v eg e ta t io n  o f  w h ich  th e  p o l le n s  h a v e  been  

b lo w n  aw ay .



(iii) Not ail the pollens o f 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) T h e  d is t r ib u t io n  o f  v e g e ta t io n  h a s  b e e n  
te m p ered  an d  m o d if ie d  by  h u m a n  a c t io n s ,  b o th  
a d v e r ten t  an d  in a d v e r te n t  an d  h e n c e  p o l le n  
ana ly s is  w o u ld  n o t  b e  u se fu l  fo r  th e  re c o n s t ru c t io n  
o f  c l im a tes  o f  re c e n t  p a s t  m a in ly  s in ce  the  n eo l i th ic  
tim es.

(v) ‘A  v e g e ta t io n  c o v e r  o n ly  a t ta in s  m a tu ­
rity  a f te r  fa ir ly  a le n g th y  p e r io d  o f  t im e , and  it is 
qu ite  fe a s ib le  th a t  th e  v e g e ta t io n  e s ta b l is h e d  
th ro u g h  p o l le n  an a ly s is  re p re s e n ts  s u ccess io n a l  
s tage  th a t  is  n o t  to ta l ly  re p re s e n ta t iv e  o f  the 
p rev a i l in g  c l im a te ’ (O l iv e r  and  H id o re ,  2 0 03 ) .

Dendrochronology

D e n d ro c h ro n o lo g y  is the  sc ien c e  th a t  dea ls  
w ith  ‘th e  s tu d y  o f  th e  an n u a l  r in g s  o f  trees  in 
d e te rm in in g  the  d a te s  and  c h ro n o lo g ic a l  o rders  o f  
p a s t  c l im a t ic  e v e n t s ’ . T h e  r in g  g ro w th  o f  the  trunk  
and  s te m  o f  a t ree  p ro v id e s  s ig n if ican t  c lues  for 
d e te c t in g  sea so n a l  rh y th m s  o f  c l im a te  d u r in g  the 
life  t im e  o f  th e  c o n c e rn e d  tree. T h e  th ick n ess  and 
sp ac in g ,  an d  c o lo u r  o f  g ro w th  r ings  in d ica te  the 
c l im a t ic  c o n d i t io n s  and  ra te  o f  annua l g ro w th  o f  
trees. T h e  w id e ly  sp aced  th ick  g ro w th  r in g s  deno te  
w arm  and  m o is t  c l im a te  w i l ^ f e f f i c i e n t  ra in fa l l  to 
su p p o r t  lu x u r io u s  an d  q u ic k  g ro w th  o f  trees,  w h ile  
narrow  and  c lo se ly  sp aced  tree  g ro w th  r ings  den o te  
arid  c l im a te  an d  p o o r  g ro w th  o f  trees .  T h e  c o lo u rs  
o f  g ro w th  r ings  a lso  d e n o te  sea so n a l  w e a th e r  
cond itions .  ‘T h e  a b ru p t  c h a n g e  f ro m  lig h t  to  dark -  
co loured  r in g s  (g ro w th  r in g s )  d e l in ea te s  the  ann u a l  
inc rem en ts  o f  g r o w th ’ ( O l iv e r  and H idore ,  2 0 0 3 ) .  
I t m ay be m e n t io n e d  th a t  th e  s tu d y  an d  in te rp re ta ­
tion o f  d i f fe re n t  a sp e c ts  o f  tre e  r in g s  su ch  as, the  
s ize  ( th ick  o r  n a r ro w ) ,  n u m b e r ,  c o lo u r  sh ad es ,  
sym m etry  o r  a sy m m e try  e tc . p ro v id e  in fo rm a t io n  
a bou t c l im a tic  and  e n v i ro n m e n ta l  v a r ia t io n s  s u s ­
ta ined  by the  co n ce rn ed  tree  d u r in g  its life  t im e  an d  
h e n c e  th e  c l im a t ic  ev e n ts  w h ich  h a p p e n e d  in the  
r e c e n t  pas t,  say  3 0 0 0 -4 0 0 0  y ea rs  b e fo re  p re s e n t  
m a y  b e  r e c o n s t r u c t e d  o n  t h e  b a s i s  o f  
d e n d ro c h ro n o lo g ic a l  c h a ra c te r i s t ic s .

T h e  s tu d y  o f  t r e e  r in g  g ro w th ,  
d e n d r o c h r o n o lo g y  , w a s  in i t ia te d  by  A . E. 
and  h is  te am  a t  th e  U n iv e r s i ty  o f  A r izo n a ,  U SA  
A f te r  th e  a n a ly s i s  o f  g ro w th  r in g s  o f  tree s  in the 
s o u th w e s te rn  U S A  he  fo u n d  c lo se  re la tionsh ip  
b e tw e e n  a n n u a l  a m o u n t  o f  ra in fa l l  an d  growth 
r in g s  in th e  a d v e r s e  c l im a t ic  c o n d i t io n s  o f  th e  S. 
W . U n i te d  S ta te s .  T h e  s c ie n t is ts  h a v e  becom e 
s u c c e s s fu l  in r e c o n s t r u c t in g  th e  c l im a t ic  c o n d i­
t io n s  an d  e n v i ro n m e n ta l  c h a n g e s  fo r  th e  la s t  3000  
y e a rs  on  th e  b a s is  o f  a n a ly s i s  o f  g ro w th  r in g s  o f  
l iv in g  trees ,  an d  fo r  th e  la s t  5 0 0 0  y e a r s  on  the  basis  
o f  fo ss i ls  o f  d e a d  trees .  T h e  s c ie n t i s t s  a t  L a b o ra ­
to ry  o f  T re e  R in g  R e s e a rc h ,  U n iv e r s i t y  o f  
A r iz o n a ,  U S A , h a v e  a lso  d e r iv e d  lo g ic a l  and 
f ru it fu l  in fe re n c e s  a b o u t  the  r e la t io n s h ip  b e tw een  
w e a th e r  e le m e n ts  (e .g . te m p e ra tu r e ,  a i r  p ressu re ,  
and a tm o s p h e r ic  c i rc u la t io n  p a t te rn s )  a n d  w id th s  
and  sp ac in g  o f  tree  r in g s .  S u c h  r e l a t io n s h ip s  hav e  
also  been  u sed  to d e m o n s t r a te  c l im a t ic  f lu c tu a ­
tions w h ich  to o k  p la c e  d u r in g  th e  l i f e  t im e  o f  tree s .

D e n d ro c h ro n o lo g y  a lso  h e lp s  in r e c o n ­
s truc ting  the  a d v a n c e s  an d  r e t re a ts  o f  g la c ie r s  in 
the rece n t  p a s t  on  the  bas is  o f  s h a p e s  o f  t r e e  
g row th  rings  l ike  c o n c e n tr ic  ( s y m m e tr ic a l )  g r o w th  
rings  or a sy m m e tr ic a l  r in g s .  I t  m a y  b e  r e m e m ­
bered  tha t g ro w th  r in g s  b e c o m e  c o n c e n t r i c  an d  
sy m m e tr ica l  as lo n g  as th e  tree s  r e m a in  p e r fe c t ly  
e rec t  (p e rp e n d ic u la r  to th e  g r o u n d  s u r f a c e )  b u t  
b e c o m e  a s y m m e tr ic a l  w h e n  th e  t r e e s  a re  t i l te d .  It 
is a rg u ed  th a t  t r e e s  a re  e r e c t  w h e n  th e  g la c ia l  ic e  is 
aw ay  f ro m  the  p o s i t io n  o f  t r e e s  b u t  th e y  a re  ti l ted  
w hen  ice  c o m e s  c lo se  to th e  tre e s .  T h u s ,  e r e c t  trees 
and  r e s u l ta n t  c o n c e n t r ic  a n d  s y m m e t r i c a l  g ro w th  
r ings  a re  in d ic a t iv e  o f  w i th d r a w a l  o r  re t re a t  o f  
g la c ie rs  w h ile  a s y m m e tr ic a l  r in g s  re v e a l  a d v a n c ­
ing  g la c ie rs .  It m ay  be  m e n t io n e d  th a t  t i l t in g  of 
trees  and  re s u l ta n t  a s y m m e tr ic a l  g r o w th  r in g s  may 
no t be a lw a y s  d u e  to  g la c ia l  a d v a n c e m e n t ,  ra th e r  it 
m ay  a lso  be  d u e  to  la n d s l id e s ,  g u s ty  w in d s ,  s trong 
s to rm s  e tc .

, * 'S' * c ’
(2) Faunal Indicators - ^

Id e n t i f ic a t io n  a n d  a n a ly s i s  o f  
in v e r te b ra te  a n im a l  r e m a in s  e m b e d d e d  
s e d im e n ta ry  fo r m a t io n s  p ro v id e s  si 
a b o u t  th e  c l im a t ic  c o n d i t io n s  th a t  e x is te d  
th e  p e r io d  o f  th e i r  s u rv iv a l s .  In  th is  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), an d
(2) isotope analysis.

T h e  a n a ly s i s  o f  fo ss i ls  o f  b o n e s  o f  in v e r te ­
brate  a n im a ls  h e lp s  in d e te rm in in g  the  li th o lo g ica l  
su ccess io n s  o f  s e d im e n ta ry  fo rm a t io n s  c o n ta in in g  
an im al fo s s i ls  an d  th e re a f te r  th e  se q u e n c e s  o f  
p a la e o c l im a te s  a re  r e c o n s t ru c te d  on the  bas is  o f  
d a t ing  o f  a n im a l  fo s s i ls  a n d  s e d im e n ta ry  layers .  It 
m ay b e  r e m e m b e r e d  th a t  an im a l  fo ss i ls  a re  m os tly  
p re se rv e d  in  th e  b o t to m s  o f  o cean s ,  lakes  and 
r ivers  w h ic h  p r o v id e d  th e m  s u i ta b le  h ab i ta ts  for 
the ir  d e v e l o p m e n t  an d  su rv iv a l .  E ac h  spec ie s  o f  
tiny c r e a tu r e  (e :g .  fo ra m in i fe ra )  su rv iv es  in 
ce r ta in  t e m p e r a t u r e  a n d  m o is tu re  c o n d i t io n .  A fte r  
death  s u c h  c r e a tu r e s  are  e m b e d d e d  in the  m ud 
layers  o f  w a te r  b o d ie s .  T h e  m a ss  d ea th s  o f  certa in  
spec ies  o f  m ic r o - o r g a n i s m s  tak e  p lace  w hen  the 
te m p e ra tu re  a n d  m o is tu r e  c o n d i t io n s  c h a n g e  and 
b eco m e  u n f a v o u r a b l e  to th e m . N e w  spec ie s  o f  
o rg a n ism s  d e v e l o p  in a c c o rd a n c e  w ith  new  
te m p e ra tu re  a n d  m o is tu r e  re g im e .  T h is  p rocess  
c o n t in u es  a n d  fo s s i l s  o f  a n im a ls  a re  d ep o s i te d  in 
the s u c c e s s iv e  la y e rs  o f  b o t to m  sed im e n ta ry  
layers o f  sea s ,  la k e s  an d  r iv e rs .  A f te r  d e te rm in in g  
the l i th o lo g ic a l  s u c c e s s io n s ,  the  a n im a l  foss i ls  in 
each la y e r  a re  id e n t i f i e d  an d  th e ir  d a te s  are 
d e te rm in e d  o n  th e  b a s is  o f  c a r b o n - 14 ana ly s is .  On 
the b as is  o f  th e  p r in c ip le  o f  ‘uniformitarianism’ 
(the c o m p a r i s o n  o f  a n im a ls  o f  a p a r t i c u l a r  g e o lo g i ­
cal p e r io d  as  d e t e r m in e d  on  the  bas is  o f  C -14  
analysis, w ith  id e n t ic a l  a n im a ls  at p re se n t  p ro v id es  
th e c l im a t ic  c o n d i t io n s  in w h ich  they  l ived  on the  
ground th a t  s a m e  p h y s ic a l  p ro c e s s e s  an d  law s 
which o p e ra te  to d a y  o p e ra te d  th ro u g h o u t  g e o lo g i ­
cal pe r iods)  th e  c l im a t ic  c o n d i t io n s  of th a t  p a r t i c u ­
lar period  is in fe r re d .

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 o f 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).

T h e  isotope analysis of the chemistry o f
sk e le to n s  o f  fo ss i l iz ed  a n im a ls  a lso  helps in 
d e te rm in in g  p a la e o c l im a te s  on  the basis o f tem­
p e ra tu re  and m o is tu re  c o n d i t io n s  which are 
in ferred  from  the  body  c h e m is t ry  of dead animals. 
O x y g en  has th ree  n o n - ra d io a c t iv e  isotopes e.g. 
O 17, 0 18 and  O 16 o u t  o f  w h ich  the first two isotopes 
are not very  co m m o n  bu t the  last o n e  is common 
and norm al iso tope .  A f te r  th e  e v a p o ra t io n  of 
w ater, these  iso topes  c ry s ta l l iz e  a t d i f f e r e n t  ra te s  
in the shells  i.e. O 18 iso to p e  se tt les  down more 
rap id ly  than  the  O 16 iso to p e  b e c a u se  the la t te r  is 
l igh ter  than the fo rm er  iso to p e  ( O 18). It may be 
m entioned  that the rate  o f  c ry s ta l l iz a t io n  of oxygen 
iso tope  is co n tro l led  by te m p e ra tu re .  The number 
o f  se tt ling  O 18 iso to p e  d e c re ase s  w ith  in c re a s e  in 
the te m p era tu re  o f  ocean  w ater .  T h u s ,  on  the basis 
o f  nu m b er  o f  o x y g en  iso topes  c o n ta in e d  in the 
shells o f  dead  an im als  the p rev a i l in g  temperature at 
the tim e o f  the ex is ten ce  o f  particular animal is 
de te rm in ed .  F o r  this p u rp o se  aga in  the cores of 
m ud layers  f rom  the f lo o rs  o f  o c e a n s ,  lakes and 
r iver  va lleys  a re  out, o x y g e n  isotopes of
shells  o f  each  m u d  l l y e r  are  d e te rm in e d ,  tempera­
tu re  co n d it io n  fo r  each  m u d  la y e r  is inferred and 
fina lly  te m p era tu re s  p rev a i l in g  at the time of 
d ep o s it io n  o f  an im al sk e le to n s  and mud layers are 
used  to asce r ta in  c l im atic  ch a n g e s .

T w o  important research projects, namely 
CLIMAP (Cl i mate, Longrange Investigation, Mapping 
and Prediction) and COHMAP(Coopt.aliveHolocene 
Mapping Project), were concerned with the study 
o f  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 o f the past 10,000 
years only.



The occurrence of la rg e  n u m b e rs  o t  an im a l 
fossils in close p ro x im ity  o f  a re g io n  d e n o te s  the  
fact th a t  th e y  m ig h t  h a v e  been  k il led  d u r in g  a 
c a ta s t ro p h ic  d isa s te rs  e .g .  a d v a n c in g  ice  sh ee ts  
and f re e z in g ,  s e v e re  d ro u g h ts ,  m e teo r ic  co l l is io n  
w ith  the  e a r th  (as  is su p p o se d  to hav e  h a p p e n e d  
d u r in g  C re taceo u s  per iod  killing  d in a sau rs  en m ass )  
e tc .  O n  the  b as is  o f  su ch  e v id e n c e s  on e  can  in fe r  
the  c l im a t ic  an d  e n v i ro n m e n ta l  c o n d i t io n s  at the  
t im e  o f  c o n c e rn e d  c a ta s t ro p h ic  d isas te r .

2. Geological Indicators

G e o l o g i c a l  i n d i c a t o r s  ( e v id e n c e s )  o f  
p a la e o c l im a te s  in c lu d e  l i th o lo g ic a l  c h a ra c te r i s ­
tics  o f  m a in ly  s e d im e n ta ry  d ep o s i ts  such  as 
la c u s t r in e  d e p o s i t s  (v a rv e s ) ,  e v a p o r i te s .  l im e ­
s to n es  an d  c o a l  s e a m s ,  m a r in e  d e p o s i ts  (sea  f loo r  
d e p o s i t s ) ,  so il  p ro f i l e s  etc . V arves  are the  a l te rn a te  
s e q u e n c e s  o f  la y e rs  o f  f in e  s ilts  and  c lays  d ep o s ited  
a t  the  f lo o rs  o f  lakes  an d  la rg e  p o n d s  in such  an area 
w h ic h  is c h a r a c te r i z e d  by  a l te rn a te  f reez in g  and 
th a w in g  d u r in g  w in te r  and  s u m m e r  seasons  re sp e c ­
t ive ly . T h u s ,  the  l i tho log ica l sequences  o f  lacustrine 
d ep o s i ts  in the  a fo resa id  cond ition  denote  periglacial 
c l im a te .  T h e  a n a ly s i s  o f  an n u a l  layers  o f  s ilt and 
c la y  p r o v id e s  an  id e a  o f  se a so n a l  c h a n g e s  in 
c l im a te .  I t  m a y  b e  m e n t io n e d  th a t  w hen  the  su rface  
f re e z e s  d u r in g  w in te r  s e a s o n ,  very  f ine  s u sp e n d e d  
c la y  p a r t i c le s  a re  d e p o s i t e d  in the  lakes  and  po n d s  
b u t  d u r in g  s u m m e r  s e a s o n ,  w h en  f ro zen  su rface  
th a w s  (m e l ts ) ,  s il ts  w ith  m e l t  w a te r  are  d ep o s i te d  in 
th e  la k e s  a n d  p o n d s .  S u c h  ty p e  o f  an n u a l  b a n d e d  
a l te rn a te  la y e rs  o f  c la y  a n d  s il t  d e n o te  p e r ig la c ia l  
c l im a te .

E v a p o r i te  d e p o s i t s ,  r e p re s e n te d  by  sa lt  
d e p o s i t s ,  o c c u r  w h e n  c l im a te  is c h a r a c te r i z e d  by 
h ig h  t e m p e r a t u r e  a n d  a r id i ty  w h e re in  e v a p o ra t io n  
e x c e e d s  p r e c ip i ta t io n .  In  su ch  c i r c u m s ta n c e s  
w a te r  is e v a p o r a te d  a n d  sa l t  c o n te n ts  a re  le ft 
b e h in d .  I t  m a y  be  m e n t io n e d  th a t  th is  h a p p e n s  
o n ly  w h e n  w a te r  on  lan d  is s a l in e  an d  th u s  sa l t  is 
in so lu t io n  fo rm . S o ,  th e  m a s s iv e  sa l t  ro c k s  
d e p o s i te d  on  la n d  s u r fa c e s ,  su ch  as in S o u th -W e s t  
U S A ,  G e r m a n y ,  C e n t ra l  A s ia ,  N o r th - W e s t  In d ia  
(m a in ly  R a ja s th a n  an d  G u ja ra t ) ,  d e n o te  h o t  and  
a r id  c l im a t ic  e n v i ro n m e n t .

Limestones ( C a C 0 3) c o n ta in in g  c a lc iu m  
c a r b o n a te s  a re  d e p o s i t e d  in  t ro p ic a l  w a rm  o c e a n ic
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w ater  and  h e n c e  th e  o c c u rre n c e  o f  lim estones  in the 
re g io n s  h a v in g  c o ld  c l im a te s  d e n o te s  the  fact that 
the  c o n c e rn e d  re g io n  w as  u n d e r  trop ical warm 
c l im a te  at the  t im e  o f  l im e s to n e  deposit ion .

Duricrusts are indurated hardened surfaces 
o f  d i f fe re n t  k in d s  such as laterites, silcretes 
calcretes, alcretes, ferricretes e tc .  d e p e n d in g  on the 
d o m in a n c e  o f  c o n s t i tu e n t  m in e ra ls .  N orm ally , 
la te r it ic  c ru s ts  are s u p p o se d  to  h a v e  been  formed 
in h o t  and  h u m id  c l im a te  o f  t ro p ic a l  an d  sub trop i­
cal a rea s  and  th e re fo re  th e se  a re  in d ica t iv e  o f  hot 
an d  h u m id  c l im a te .  L a te r i t ic  c ru s ts  a re  p red o m i­
nan t ly  fo u n d  in C h o ta n a g p u r  h ig h  la n d s  (Patlands 
o f  R an ch i  and  P a la m a u  p la te a u s  o f  Jh a rk h an d ) ,  
and  o v e r  m a n y  a re a s  o f  D e c c a n  p la te a u  (e.g. 
M a h a b a l e s h w a r  a n d  P a n c h g a n i  p la te a u s  o f  
M a h a ra sh tra ) .  T h e  p re s e n c e  o f  la te r i t ic  c ru s ts  in 
ce r ta in  parts  o f  E u ro p e  (e .g . U .K . an d  G erm a n y )  
c lea r ly  d e m o n s t ra te s  the  fa c t  th a t  th e se  a re  n o t  the 
re su lt  o f  the p re s e n t  t e m p e ra te  c l im a te .  ‘Such  
crus ts  are  often  in te rp re te d  as o f  T e r t ia ry  ag e ,  o r  as 
h a v in g  been  u n d e r  c o n t in u o u s  fo rm a t io n  s in c e  the  
end  o f  the M e so zo ic .  E x p o s u re s  o f  s i lc re te s  an d  
ca lc re te s  s im ila r ly  are  o f ten  r e la te d  to  p a s t  r a th e r  
than  p re sen t  c l im a t ic  c o n d i t io n s ’ (D. R. Stoddart, 
1969).

Pedogenic c r i te r ia  u sed  to  d e c ip h e r  p a s t  
c l im a tes ,  in c lu d e  the  an a ly s is  o f  p a la e o s o ls  an d  
foss i ls  o f  p la n ts  an d  a n im a ls  th e re in .  T h e  a l lu v ia l  
so ils  b u r ied  in o ld e r  f lo o d  p la in s  g iv e  in d ic a t io n  o f  
m o is t  c l im a te  an d  the  d o m in a n c e  o f  f lu v ia l  
p ro ces se s .  T h e  o ld e r  lo e ss ic  so i ls  in d ic a te  dry 
c l im a te  and  th e  d o m in a n c e  o f  a e o l ia n  p ro cess .  
E v en  the  m a te r ia ls  in v o lv e d  in th e  d e p o s i t io n  of 
loess  a lso  g iv e  c lu e s  fo r  c l im a t ic  c o n d i t io n s .  The 
e x te n s iv e  lo e ss  d e p o s i t s  o f  C h in a  h a v in g  areal 
c o v e ra g e  o f  7 7 4 ,0 0 0  k m 2 a n d  th ic k n e s s  o f  9 0  m to 
3 0 0  m  c o n s is t  o f  m a te r ia ls  b lo w n  f ro m  the  deser ts  
o f  c en tra l  A s ia  w h i le  th e  E u ro p e a n  lo e ss  is exam ple  
o f  g la c ia l  lo e ss .  T h e  A m e r ic a n  lo e ss ,  ex ten s iv e ly  
fo u n d  in I l l in o is ,  Io w a ,  N e b ra s k a  e tc . is partly  
g la c ia l  a n d  p a r t ly  d e s e r t  loess .  T h e  d a te rm in a t io n  
o f  p a l a e o c l im a te s  on  th e  b a s is  o f  fo ss i l  re m a in s  in 
th e  s o i ls  is a c c o m p l i s h e d  th ro u g h  ra d io c a rb o n  
d a t in g  a n d  i s o to p e  a n a ly s is ,  w h ic h  h a v e  a lready  
b e e n  e x p la in e d  in  th e  p r e v io u s  s u b s e c t io n  on  floral 
an d  fa u n a l  in d ic a to r s .
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3. Cryogenic Indicators

C ry o g en ic  ind icators  are rela ted  to the  proxy 
da ta  f ro m  the  ev id e n c e s  o f  g lac ia t ion ,  g lac ie rs  and 
icesheets . T h e  sc ien ce  d ea l in g  w ith  g lac ia t io n  and 
g lac ie rs  is k n o w n  as glaciology. T h e  p ro cesses  o f  
g la c ia t io n  an d  d e g la c ia t io n  p ro v id e  s ig n if ican t  
p roxy  d a ta  fo r  c l im a t ic  c h an g e s  and fluctuation. 
T he  per iod  o f  w id esp read  g lac ia t ion  o f  la rger  areas 
o f  the  g lo b e  is c a l le d  great ice age w hich  co m p rises  
several g lac ia l  and  in te rg lac ia l  periods . T he  glacial 
pe r io d  d e n o te s  o n s e t  o f  co ld  c l im a te  and  ad v an ce  
o f  ice  sh ee ts  w h ile  in te rg lac ia l  per iods  ind ica te  
re la t iv e ly  w a rm e r  p e r io d s  w hen  ice sheets  retreat.  
T h e  g e o lo g is ts ,  g la c io lo g is ts  and c l im ato log is ts  
hav e  id e n t i f ie d  a  few  g rea t  ice ages  (e.g. pre- 
C a m b r ia n  ic e  age ,  C a rb o n i fe ro u s  ice age, and 
P le is to c e n e  ic e  ag e )  w h e n  m a jo r  po rtions  o f  the 
g lo b e  w e re  g la c ia te d  and  co v e re d  with th ick  ice 
shee ts  w h ic h  a re  d e f in i te  in d ica to rs  o f  m ajor 
c l im a t ic  c h a n g e s .

C r e d i t  g o e s  to  E u r o p e a n  sc h o o l  o f  
g e o m o rp h o lo g is ts  and  g la c io lo g is ts  for id en tif ica ­
tion an d  r e c o g n i t io n  o f  ice  ages. Louis A gass iz  
( 1 8 0 7 -1 8 7 3  A .D .)  is g iv en  c red i t  for an early  start 
in th is  p r e c a r io u s  f ie ld  and  fo r  the reco g n it io n  and 
id e n t i f ic a t io n  o f  the  p re s e n c e  o f  ice age during  
P le is to c e n e  p e r io d  as he  p re sen te d  his ideas in the 
y ear  1840. A  h o s t  o f  g eo sc ie n t is ts ,  nam ely  Jean de 
C h a rp e n t ie r ,  J o h n  P la y fa i r  (1815 ) ,  V en e tz  of 
S w itz e r la n d  (1 8 2 1 ,  1829), E sm a rk  o f  N orw ay  
(1824),  B e rn h a rd i  o f  G e rm a n y  (1832 )  etc., s tudied 
d if fe re n t  a s p e c t s  o f  P le is to c e n e  ice age. T he  
Sco ttish  g e o lo g is t  J a m e s  G e ik ie  p o s tu la ted  the 
co n cep t o f  ‘g re a t  ice  a g e ’ in 1894 w h ich  is 
co m p rised  o f  s ev e ra l  g la c ia l  p e r io d s  w h ich  are 
separated by w a rm  in te rg la c ia l  pe r iods .  A . P enck  
and B ru ck n er  id e n tif ied  fo u r  g lacia l per iods  during  
P le is tocene  ic e  a g e  e .g .  G u n z ,  M in d e l ,  R iss , and 
W urm  which w ere  s e p a ra te d  by  th ree  w arm  
interglacial p e r io d s .  S im ila r ly ,  fou r  g lacia l periods 
(e.g.N ebraskan , K ansan, Illinoin ,  and  W isconsin)  
and th ree  in te rg la c ia l  p e r io d s  (e .g . Aftonian, 
Yarmouth, and  S a n g m a n ) w e re  id e n tif ied  du r in g  
P le is tocene glaciation o f  N o r th  A m er ic a .  M o s t  o f  
Gondwanaland was glaciated during C a rb o n i fe r ­
ous ice age.

The shapes of glaciated valleys, glacial 
drifts, erratics (glacial boulders), striations etc. 
provide important clues for climatic changes.

T he  g lac ie rs  and  ice layers  p ro v id e  e v i ­
d en ce s  for te m p era tu re  and  p rec ip ita t io n  c o n d i ­
tions during  d if fe ren t  phases  o f  ice  ages. A d v a n c ­
ing g lac iers  and  ice shee ts  ind ica te  co ld  p h a se  an d  
low ering  o f  te m p era tu re  m uch  be low  f reez in g  
point, w hile  re trea t o f  ice shee ts  he ra ld s  in c re a se  in 
tem pera tu re  and su b se q u e n t  ab la tio n  o f  g la c ie rs  
demonstrates onset o f  warmer climate. The glaciologists 
have  dem o n stra ted  the re trea t  o f  A lp in e  g la c ie rs  
and resu ltan t sh r in k in g  in th e ir  le n g th  and w id th  
abou t 3000  B.C. (i.e. abou t 5 0 0 0  y b p ,  y ea rs  b e fo re  
p resent) ,  fo llow ed  by re -a d v a n c e  o f  g la c ie rs  a b o u t  
500  B.C. (i.e. 2 5 0 0  ybp) and  aga in  r e t r e a t  o f  
g laciers . T he  A lp ine  and  S c a n d in a v ia n  g la c ie r s  
registered re su rgence  in the 17th and 19th  ce n tu r ie s  
w hile they again  s tarted  to re tre a t  in the  2 0 th  
century . All these  ind ica te  c l im a t ic  f lu c tu a t io n s  
charac terized  by coo ling  (a d v a n c e  o t  g la c ie r s )  a n d  
w arm ing  (re trea t o f  g lac ie rs )  p e r io d s  d u r in g  th e  
past 5000  years  in E u ro p ea n  c o n t in en t .

Ice sheets and ice cores are  m o s t  s ig n i f i c a n t  
c ryogen ic  ind icato rs  o f  p a la e o c l im a te s .  I t m a y  be  
rem em bered  that the ice sheets  are  fo rm e d  by  th e  
deposition of  several layers o f  ice. T h e  a c c u m u la te d  
snow from th e an n u a l  snow fall is c o m p re ss e d  an d  is 
changed  to ice w here in  the  a ir  b u b b le s  a n d  
a tm ospheric  dusts  are trapped .  T h u s ,  e v e ry  y e a r  a 
layer of ice is deposited  upon  u n d e r ly in g  ice  la y e r .  
It is ev ident that the grea t ice caps  o f  G re e n la n d  a n d  
A nta rc t ica  are co m p rised  o f  n u m e ro u s  ice  la y e rs  
w herein  the then c l im atic  c o n d i t io n s  h a v e  b e e n  
p reserved . Thus, the s tudy  o f  e a c h  ice la y e r  
p rov ides  am ple  ev id e n c e  o f  the  w e a th e r  a n d  
c lim atic  cond it ions  at the tim e o f  its fo rm a t io n .  T h e  
d r il ling  into ice caps  is u n d e r ta k e n  to o b ta in  ice  
cores  for ana lysis .  T he  fo l lo w in g  p ro p e r t ie s  o f  ice  
layers derived  from  the ice co res  p ro v id e  p ro x y  d a ta  
for tem p era tu re ,  p rec ip i ta t io n ,  c o m p o s i t io n  o f  
a tm osphere ,  s to rm in ess ,  v o lc u n ic  e v e n ts ,  a tm o s ­
pheric  po llu tion  etc.

(i) thickness of annual ice la y ers-»
p re c ip ita t io n

(ii) ch em ica l  an a ly s is  o f  an n u a l  ic e  la y e rs
—> te m p e ra tu re

(iii) a ir  b u b b le s  t rap p e d  in th e  a n n u a l  ice
layers —> atmospheric 

composition



(iv) dust contents trapped in the annual ice
layer -» atmospheric
circulation
and  s to rm in ess

(v) ac id  co n ten t  in the  ann u a l  ice l a y e r -»
vo lcan ic  even ts

A  few  s tud ies  o f  ice co res  from  G re e n la n d  
ice shee ts  (nam e ly ,  G reen lan d  Ice S hee t P ro jec t  1 
and 2, G I S P - 1 and  2) and A n ta rc t ica  ice shee ts  have  
revea led  se q u en ce s  o f  c l im atic  v a r ia t io n s  fo r  the 
last 110 ,000 yea rs  and 160.000 years  re sp ec t iv e ly .  
The ana ly sis  o f  ice co res  to ob ta in  c l im a tic  r eco rd s  
is based  on isolopes o f  o x y g en  (tw o  very  c o m m o n  
iso topes  a re  ,60  and  I80 )  w here in  the ra tio  o f  160  
to ,80  p rov ides  in fo rm a tio n  ab o u t  the ex is t in g  
env iro n m en ta l  te m p era tu re s  at the t im e o f  the 
form ation  o f  annual ice layers. The iso tope analysis  
o f  ice co res  a lso  rev ea ls  re la t io n sh ip  be tw een  
g lobal w a rm in g  and  c o n ce n tra t io n  o f  g ree n h o u se  
gases  (e.g. c a rb o n  d iox ide ,  m e thane  etc.) , and level 
o f  a tm o sp h e r ic  p o llu t io n  caused  by a n th ro p o g e n ic  
sou rces  s ince  the  p er iod  o f  industr ia l revo lu tion .  
B esides ,  the  c o n ce n tra t io n  o f  rad io ac tiv e  e lem en ts  
in the  a tm o s p h e re  and  the ir  fa llou t em itted  d u ring  
n u c le a r  p la n t  d isas te rs  (fo r  exam ple ,  C hernoby l 
n u c le a r  d isa s te r )  and  te s t ings  o f  a tom ic  dev ices ,  
can  be m e a su re d  th ro u g h  the ana ly s is  o f  annual ice 
layers .  T h e  ice  co re  a n a ly s is  a lso  revea ls  in fo rm a ­
tion  a b o u t  the  leve ls  o f  su lp h a te  co n ten t  in the air 
e m it te d  from  the v o lc an ic  e ru p tio n .  W ith  the 
im p ro v e m e n ts  in the  te c h n o lo g ie s  o f  o b ta in in g  ice 
co re s ,  s tud ies  are ca rr ied  ou t to re c o n s tru c t  the 
a tm o s p h e r ic  co n d i t io n s  m a in ly  te m p e ra tu re  v a r ia ­
tions  and  c l im a t ic  f lu c tu a tio n s  for the pas t 2 00  
y e a rs  o r  so  on  the  bas is  o f  the an a ly s is  o f  ice co res  
d e r iv e d  f ro m  m o u n ta in  ice  shee ts  in the tro p ica l  
and  su b tro p ic a l  a reas .

T h e  evidences of periglacial features and  
d ep o s its  fo u n d  in such  a reas  w h ich  at p resen t do  no t 
h a v e  p e r ig la c ia l  e n v i ro n m e n t ,  in d ica te  e a r l ie r  
pe r ig lac ia l  c l im a te  o f  th o se  areas.  T h e  te rm  
periglacial l i te ra l ly  m e a n s  a ro u n d  the  ice  or 
p e r ip h e ra l  to  the  m a rg in s  o f  the  g la c ie rs  bu t n o w  
th is  te rm  is used  fo r  bo th  ‘periglacial landscape* 
and ‘periglacial climate’. P er ig lac ia l  a rea s  a re  
th o s e  w h ich  a re  in p e rm a n e n t ly  f ro zen  c o n d i t io n  
but w ith o u t  p e rm a n e n t  ice  c o v e r  on  the  g ro u n d  
surface. T h e  p e r ig la c ia l  c l im a te  is c h a ra c te r iz e d  by
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m e a n  a n n u a l  t e m p e r a t u r e  r a n g i n g  between 
- 1 ° C  a n d  — 15°C a n d  m e a n  a n n u a l  p r e c ip i ta t io n  o f  
120 m m  to  1400 m m  (m o s t ly  in s o l id  fo rm ) .  M a n y  
p a r ts  o f  E u ro p e  a n d  S o u th - W e s t  U S A  p re s e n t ly  do  
no t h a v e  p e r ig la c ia l  c l im a te  b u t  h a v e  re lic t  
p e r ig la c ia l  f e a tu re s  w h ic h  d e m o n s t r a t e  th a t  such  
a rea s  w ere  u n d e r  p e r ig la c ia l  c l im a te  in th e  past.

4. Tectonic Indicators

T h e  te c to n ic  m o v e m e n ts  in v o lv in g  p la te  
m o v e m e n ts ,  p o le  w a n d e r in g ,  c o n t in e n ta l  d r i f ts ,  
o ro g e n e s is ,  p a l a e o m a g n e t i s m ,  to p o g r a p h i c  .fea­
tu res  etc . and  s e a f lo o r  s p r e a d in g  a n d  s e a  level 
ch an g es  are  s ig n if ic a n t  in d ic a to rs  o f  p a la e o c l im a t ic  
c h a n g e s .  A. W e g e n e r ,  a  G e r m a n  m e te o r o lo g i s t ,  
w as  p r im a r i ly  c o n c e rn e d  w ith  th e  p r o b le m  o f  p a s t  
c l im a t ic  c h a n g e s .  It m a y  be  p o in te d  o u t  th a t  th e re  
are a m p le  e v id e n c e s ,  as  d i s c u s s e d  a b o v e ,  w h ic h  
ind ica te  w id e s p re a d  c l im a t ic  c h a n g e s  t h r o u g h o u t  
the past h is to ry  o f  the  e a r th .  In fa c t ,  th e  c o n t in e n ta l  
d rif t  th eo ry  o f  W e g e n e r  ‘g re w  o u t  o f  th e  n e e d  o f  
e x p la in in g  the  m a jo r  v a r ia t io n s  o f  c l im a t e  in  th e  
p a s t ' .  T h e  c l im a t ic  c h a n g e s  w h ic h  h a v e  ta k e n  
p lace  on the g lo b e  m ay  be e x p la in e d  in tw o  w a y s  
as fo l low s  :

(1) I f  the  c o n t in e n ts  r e m a in e d  a t  th e i r  p l a c e s  
th ro u g h o u t  g e o lo g ic a l  h is to ry  o f  th e  e a r th ,  th e  
c l im a tic  zo n es  m ig h t  h a v e  s h if te d  f ro m  o n e  r e g io n  
to a n o th e r r e g io n  and  th u s  a p a r t i c u la r  r e g io n  m ig h t  
have  ex p e r ie n c e d  v a ry in g  c l im a t ic  c o n d i t io n s  f ro m  
tim e to tim e.

(2) I f  the c l im a t ic  z o n e s  r e m a in e d  s t a t i o n ­
ary, the la n d m a ss e s  m ig h t  h a v e  b e e n  d i s p l a c e d  a n d  
drif ted .

W a g e n e r  o p te d  fo r  th e  s e c o n d  a l t e r n a t iv e  
and  p o s tu la te d  th e  c o n c e p t  o f  ‘c o n t in e n ta l  d r i f t ’ o r  
‘d i s p la c e m e n t  h y p o th e s i s ’ to  e x p l a in  th e  g lo b a l  
c l im a t ic  c h a n g e s  on  th e  b a s is  o f  a  n u m b e r  of 
g e o g ra p h ic a l ,  g e o lo g ic a l ,  p a l a e o n to l o g ic a l  e tc .  
e v id e n c e s .  T h e  p la te  te c to n ic  th e o ry  a s  an  o u tc o m e  
o f  p o s t -S e c o n d  W o r ld  W a r  a d v a n c e m e n t  (m a in ly  
in the  1 9 6 0 s)  in g e o t e c to n i c s ,  th e  e v i d e n c e s  of 
p a la e o m a g n e t i s m  a n d  s e a f lo o r  s p r e a d in g  h a v e  
v a l id a te d  the  c o n c e p t  of p o le w a n d e r in g  ( s h i f t in g  of 
the  p o s i t io n s  o f  th e  p o le s )  w h ic h  h e lp  in th e  
r e c o n s t ru c t io n  o f  c l im o c h r o n o l o g y  m a i n l y  g lo b a l  
climatic changes  du r in g  C a rbon ife rous  an d  P le is tocene 
Ice  A g e s  a n d  w id e s p r e a d  g la c ia t io n .

CLIMATOLOGY
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It has  been  d e m o n s t ra te d  tha t p la te  m o v e ­
m ents  d u r in g  C e n o z o ic  e ra  d isp la c e d  m a jo r  
con tinen ta l b lo c k s  in the  m id d le  and  h igh  la ti tudes  
in the  n o r th e rn  h e m isp h e re  and  thus  su ch  n o r th ­
ward d is p la c e d  c o n t in e n ta l  m asses  w ere  sub jec ted  
to the  d o m in a n c e  o f  co ld  c l im a te  re su lt in g  into 
w idesp read  g la c ia t io n  (such  as m a jo r  parts  o f  
N orth  A m e r ic a  and  E u ras ia )  d u r in g  P le is to cen e  
period  (k n o w n  as P le is to c e n e  Ice  A g e  and 
P le is to cen e  g la c ia t io n ) .  O n the  o th e r  hand , m o u n ­
tain ra n g e s  o f  T e r t ia ry  p e r io d ,  fo rm ed  due  to 
co l lis ion  o f  c o n v e rg e n t  p la te s  and co n se q u e n t  
su b d u c t io n  o f  h e a v ie r  p la te  and la teral c o m p re s ­
sion, an d  h ig h  p la te a u s ,  b e c a m e  e f fec t iv e  barr ie rs  
in c o n t ro l l in g  th e  g lo b a l  a tm o sp h e r ic  c ircu la tion  
and  g e n e ra t in g  a few  new  c l im a tic  types  such  as 
m o n so o n  c l im a te  o f  S o u th  A s ia  (due  to re l ie f  
ba rr ie rs  o f  th e  H im a la y a s  and  T ib e tan  pla teau). 
T h e  in v e s t ig a t io n s  re g a rd in g  the  im pac ts  o f  
te c to n ic  m o v e m e n ts  on  c l im a t ic  co n d i t io n s  have  
rev ea led  s t r o n g  r e la t io n s h ip  b e tw een  horizon ta l 
p la te  m o v e m e n ts  le a d in g  to sea f lo o r  sp read ing  
along  d iv e rg e n t  p la te  b o u n d a r ie s  and  o ro g en es is  
a long  th e  c o n v e r g e n t  p la te  b o u n d a r ie s ,  vertical 
m o v e m e n t  ( te c to n is m )  le a d in g  to u p l i f tm e n t  and 
su b s id e n c e  a n d  c l im a te  ch an g e .  T h e  ch an g es  in 
g lobal p a t te rn  in p la te  m o t io n s  cau se  ch an g e s  in 
c l im a tes  a t g lo b a l  sca le .

5. Geomorphological Indicators

T h e  g e o m o r p h o l o g i c a l  p ro c e s s e s  and  
lan d fo rm s  r e s u l t in g  th e re f ro m  h a v e  been  d irec tly  
rela ted  to p a r t i c u la r  c l im a t ic  ty p e  on the  co n ce p t 
that each  c l im a t ic  ty p e  p ro d u c e s  its ow n  c h a ra c te r ­
istic a s s e m b l a g e  o f  l a n d fo r m s  an d  se t  o f  
g e o m o rp h o lo g ic a l  p ro c e s s e s  w h ich  sh a p e  them  on 
the basis  o f  th e  fo l lo w in g  th e m e s  :

(1) L a n d f o r m s  d i f f e r  s ig n if ic a n t ly  in d i l fe r -  
ent c l im a tic  re g io n s .

(2) S p a tia l  v a r ia t io n s  o f  la n d fo rm s  in 
d ifferent c l im a t ic  r e g io n s  a re  b e c a u s e  o f  spa tia l  
variations in c l im a t ic  p a ra m e te rs  (e .g . te m p era tu re ,  
hum idity , p re c ip i ta t io n  e tc .)  an d  th e ir  in f lu e n c e s  
on w ea the r ing  p ro c e s s e s ,  e ro s io n  d y n a m ic s  and  
surface runo ff .

(3) Q u a te rn a ry  c l im a t ic  c h a n g e s  co u ld  not 
obscure r e la t io n sh ip s  b e tw e e n  la n d fo rm s  and
climates.

In o th e r  w ords, th e re  a re  c e r t a i n  d ia g n o s t ic  
land fo rm s  w hich  c lea r ly  d e m o n s t ra te  c l im a te -  
land fo rm s  re la tionsh ips .

T hus , on the  basis  o f  d ia g n o s t ic  la n d fo rm s ,  
the in fe rence  o f  c l im a tic  c o n d i t io n s  at the  t im e  o f  
th e  fo rm ation  o f  such  la n d fo rm , is d ra w n  w h ic h  
he lps  in the reco n s tru c t io n  o f  p a la e o c l im a te s .

T he  c l im a to g e n e t ic  o r  c l im a t ic a l ly  c o n t ro l ­
led land fo rm s  are  id e n tif ied  and  d i f f e re n t ia te d  in 
tw o w ays, e .g. (i) g en e ra l  o b s e rv a t io n  an d  
acqua in tance  o f  w ho le  la n d sc a p e  o f  e a c h  c l im a t ic  
reg ion , and (ii) id en t if ica t io n  o f  ty p ic a l  o r  d i s t i n c ­
tive landfo rm s w h ich  r e p re s e n t  th e  c o n t ro l s  o f  
pa r ticu la r  c l im ate .  T h e  ty p ica l  l a n d fo rm s  a re ,  in 
fact, m ain  too ls  o f  c l im a t ic  g e o m o r p h o lo g i s t s  
w hich help them  in d e te rm in in g  c l im a te - la n d fo rm s  
re la tionsh ip s  in d if fe re n t  c l im a t ic  r e g io n s .  S u c h  
d is tinc tive  la n d fo rm s  are  d e s ig n a te d  as  d ia g n o s t i c  
landfo rm s w h ich  in c lu d e  d u r ic ru s ts ,  in s e lb e r g s ,  
ped im en ts ,  tors, g lac ia ted  v a l le y s ,  g la c ia l  b o u l ­
ders or e rra tics , sand  d u n e s  etc.

Duricrusts are in d u ra te d  h a rd e n e d  s u r f a c e s  
o f  d if fe ren t  k in d s  such  as laterites, -silcretes, 
calcretes, alcretes, ferricretes e tc .  an d  a re  n o r m a l ly  
supposed  to hav e  been  fo rm e d  in h o t  an d  h u m i d  
c l im ate  o f  trop ica l and s u b tro p ic a l  a re a s  an d  h e n c e  
they are in d ica tiv e  o f  w arm  an d  m o is t  c l im a te .  T h e  
p resence  o f  la te r it ic  c ru s ts  in c e r ta in  p a r t s  o f  
E u ro p e  (e.g . U .K .,  G e rm a n y  e tc .)  c le a r ly  d e m o n ­
strates  the fac t  tha t th e se  a re  n o t  the  r e s u l t  o f  
p resen t  c l im ate .  ‘Such  c ru s ts  a re  o f te n  in te r p r e te d  
as o f  T er t ia ry  age , or as h a v in g  b e e n  u n d e r  
con tinuous fo rm ation  s ince the  en d  o f  th e  M e s o z o ic .  
E x p o su re s  o f  s i lc re te s  an d  c a lc r e te s  a re  o f te n  
re la ted  to p as t  ra th e r  th a n  p re s e n t  c l im a t ic  
c o n d i t io n s ’ (D. R. S toddart,  1 9 69 ) .

Inselbergs r e p re se n t in g  s te e p  s id e d  r e s id u a l  
h ills  are  c o n s id e re d  to be  th e  r e p r e s e n ta t iv e  
lan d fo rm s  o f  h o t  and  a r id  an d  s e m i-a r id  c l im a te s .  
It is a rgued  tha t in s e lb e rg s  a re  s t ru c tu ra l ly  
co n tro l led  ra th e r  th an  c l im a t ic a l ly  c o n t ro l l e d  a n d  
m o s t  o f  the  p re s e n t  in s e lb e rg s  w e re  fo r m e d  b e f o r e  
Q u a te rn a ry  p e r io d ,  ‘h e n c e  p re s e n t  c l im a te s  a r e  n o t  
necessar i ly  th o se  in w h ich  in s e lb e rg s  w e re  f o r m e d ’ 
(S to d d ar t ,  1969). I t  m ay  be  p o s s ib le  th a t  in s e lb e rg s  
m ig h t  hav e  b een  fo rm e d  w h e n  th e  c l im a t e  w a s  
w arm  an d  a r id  o r  s e m i-a r id  w h ic h  m i g h t  i i a v e



P ed im en ts ,  c h a ra c te r ized  by lo w -an g le  rock- 
c u t  s u r fa c e s  su r ro u n d in g  m o u n ta in s ,  a re  a lso  
c o n s id e re d  to  be  the  re p re s e n ta t iv e  la n d fo rm s  ot 
w a rm  a r id  an d  sem i-a r id  c l im a tes .  P e d im e n ts  a re  
a lso  fo u n d  in a  var ie ty  o f  c l im a tic  c o n d i t io n s  e .g . 
t ro p ic a l  w e t  an d  d ry  c l im a te ,  s u b tro p ic a l  and  
te m p e ra te  c l im a te s .  A few  g e o m o rp h o lo g is t s  
a r g u e  that ped im en ts  are structurally and tcctonically  
c o n t ro l le d  ra th e r  than  c l im a t ic a l ly  c o n tro l le d .  
L.C. King has opined that the process o f  pediplanation 
and  p e d im e n ta t io n  is un iv e rsa l  and  o c c u rs  in all 
e n v iro n m e n ta l  co n d i t io n s .  In fact, ‘m any  arid  zone  
p ed im en ts  are  c learly  po lycyc lic ,  d ev e lo p ed  du ring  
the  co m p le x  se q u e n c e  o f  P le is to c e n e  p lu v ia ls  
(p e r io d  o f  p ro lo n g e d  ra in fa l l)  and  in te rp lu v ia ls  : 
M an y  ap p e a r  to  be  b e in g  d e s tro y e d  u n d e r  p re sen t  
c l im a tic  c o n d i t io n s ,  ra th e r  than  be ing  fo r m e d ’ 
(D .R . S to d d a r t ,  1969).

Tors, ‘o n eo f th e m o s tco n tro v e rc ia l  landforms, 
are p iles  o f  b ro k e n  and  e x p o se d  m asses  o f  hard 
rocks  p a r t icu la r ly  g ran ite s  h av in g  a c row n  o f  rock- 
b lo c k s  o f  d i f f e re n t  s izes  on the tops  and  c l itters  
( tra in s  o f  b lo c k s )  on the  s id e s ’ (Sav in dra  S ingh , 
1977). T o rs  h a v e  been  co n s id e re d  o f  per ig lac ia l  
o r ig in  by  J. P a lm e r  and  R. A. N eilson  (1962 ) ,  o f  
f lu v ia l  o r ig in  by  D. L. Linton  (1 9 5 5 ) ,  w hereas  L. C. 
K in g  has  o p in e d  th a t  to rs  are  the  re su lt  o f  un iversa l 
p ro c e s s e s  o f  p e d ip la n a t io n  in d if fe re n t  c l im atic  
c o n d i t io n s .  In  fac t ,  the  p re s e n c e  o f  tors r ig h t  from  
th e  D a r tm o o r  o f  E n g la n d  th ro u g h  N ic a rg u a  to 
In d ia  has  c o m p l ic a te d  the  p ro b lem  o f  the o r ig in  o f  
to rs  r a th e r  th a n  s o lv in g  it.

I t  m a y  be  c o n c lu d e d  tha t the  a fo re sa id  
d ia g n o s t ic  l a n d fo rm s  a re  o ld e r  than  P le is to c e n e  
c l im a t ic  c h a n g e s ,  so  they  are  d e f in i te ly  no t re la ted  
to  p re s e n t  c l im a te s  w h e re  they  are  fo und . I tm a y  be 
p o in te d  o u t  th a t  c l im a t ic  re la t io n  o f  la n d fo rm s  at 
le a s t  in g la c ia l ,  p e r ig la c ia l  and  w arm  d ese r t  
c l im a te s  is u n d o u b te d ly  c o n f i rm e d .  So , such  
la n d fo rm s  m a y  p ro v id e  d e f in i te  c lu e s  to  r e c o n ­
s tru c t  p a s t  c l im a te s .

It is an e s ta b l is h e d  fac t  tha t d i f fe re n t  
g e o m o rp h o lo g ic a l  p ro c e s s e s  w o rk  in d i f f e re n t  
c l im a t ic  r e g io n s  b e c a u se  th e  g e o m o rp h ic  p r o c ­
e s se s  o r ig in a te  f ro m  the  a tm o s p h e re  an d  th e ir  
n a tu re  ( ty p e ,  e .g .  w h e th e r  f lu v ia l ,  o r  g la c ia l ,  o r 
p e r ig la c ia l  o r  aeo l ian  e tc .)  d e p e n d s  on  the  c o m b in a ­
t io n s  o f  t e m p e ra tu r e  an d  p rec ip i ta t io n .  T h u s ,  the
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n a tu re  o f  g e o m o rp h o lo g ic a l  p ro c e sse s  in the past 
g e o lo g ic a l  h is to ry  o f  the  ea r th  he lp s  in dec iphering  
the  c l im a t ic  c o n d i t io n s  in w h ich  a  particu la r  
p ro c e s s  w as p re d o m in a n t .

T h e  p re s e n c e  o f  g la c ia l  b o u ld e rs  or erratics 
in a reg io n  p re s e n t ly  h a v in g  o th e r  than  glacial 
c l im a te ,  m ay  it be  w arm  tro p ic a l  o r  tem perate  
c l im a te ,  r e m in d s  us the  fac t tha t the  reg ion  was 
g la c ia te d  at the  t im e  o f  fo rm a t io n  and  deposit ion  
o f  th e se  e r ra t ic s .  S im i la r ly ,  the  p re s e n c e  o f  frost- 
r iven  c l if fs ,  to rs ,  a l t ip la n a t io n  te r ra c e s ,  pa tte rned  
g ro u n d s  (h a v in g  s to n e  r in g s ,  p o ly g o n s ,  garlands,  
s tr ip e s  e tc .) ,  th c rm o k a r s t  lakes ,  n iv a t io n  ho llow s, 
in v o lu t io n s ,  p in g o s ,  c o n g e l i f lu c ta te  land fo rm s, 
b lo c k f ie ld s  (b lo c k m e e rs ) ,  b o u ld e r f i e ld s  etc . tells 
us the  d o m in a n c e  o f  p e r ig la c ia l  p ro c e s s e s  under  
p e r ig lac ia l  c l im a te  at the  t im e  o f  th e  d e v e lo p m e n t  
o f  such  la n d fo rm s .  T h e  p re s e n c e  o f  g lac ia l  
b o u ld e rs  and e r ra t ic s  in the  coa l s e a m s  o f  T a lc h e r  
o f  O r i s s a  ( I n d i a )  o f  G o n d w a n a  p e r i o d  
c lea r ly  ind ica te s  an e a r l ie r  co ld  a n d  g la c ia l  
c l im a te  in In d ia  h a v in g  p re s e n t ly  w a rm  m o n s o o n  
clim ate.

6. Sea Level Fluctuations

F lu c tu a t io n s  in sea  le v e ls  a re  c o n s id e r e d  
s ig n if ican t  in d ica to rs  o f  p as t  c l im a t ic  c h a n g e s .  S ea  
level ch a n g e s  a re  o f  tw o  ty p e s ,  n a m e ly  positive  
change m a rk e d  by r ise  in sea  le v e l  a b o v e  d a tu m  
line, and negative change  d e n o t in g  fall in s e a  lev e l  
be low  d a tu m  line . C h a n g e s  in sea  le v e l  a re  e f fe c te d  
by (i) te c to n ic  m o v e m e n ts ,  an d  ( ii)  c l im a t ic  
ch an g e s .  T h e  te c to n ic  m o v e m e n ts  c a u s e  r ise  in  sea 
level w hen  th e re  is u p w a rd  m o v e m e n t  o f  s e a  f loor 
(o cean  b o t to m s )  o r  d o w n  w a rp in g  o f  c o a s ta l  areas 
w h e reas  fall in sea  level is c a u s e d  by  d o w n w a rp in g  
le ad in g  to s u b s id e n c e  o f  s e a  f lo o r  o r  u p w a rp in g  of  
coas ta l  lands. It m ay  be  m e n t io n e d  th a t  te c to n ica lly  
in d u c e d  c h a n g e s  in s e a  le v e ls  a re  v e ry  s lo w . The 
c l im a t ica l ly  in d u c e d  c h a n g e s  in s e a  le v e ls  are  rapid 
and  are  el te c te d  by  g la c ia l  ag e  a n d  a d v a n c e m e n t  o f  
g la c ie r s  an d  ice  s h e e ts  ( fa l l  in s e a  le v e ls )  and 
d e g la c ia t io n  le a d in g  to  r e t r e a t  o f  g la c ie r s  a n d  ice 
shee ts  (r ise  in sea  lev e ls ) .  T h e  s e q u e n c e s  o f  r ise  and 
fall in seu le v e ls  d u r in g  P le i s to c e n e  Ic e  A g e  have 
r e v e a le d  s e v e ra l  p h a s e s  o f  g la c ia l  p e r io d s  (G unz, 
M in d e l ,  R iss  an d  W u r m  in Europe*  a n d  N e b r a s k a  
K a n s a n ,  I l l in o in  an d  W is c o n s in  g la c ia l  p e r i o d s  in
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Fig. 15.2 : F luctuations 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.



N orth  A m e r ic a  and  in terg lac ia l  pe r iods  ( re la tive ly  
w arm  per io d s)  sepa ra t ing  tw o g lac ia l  (co ld )  p e r i­
ods. F igu res  15.2 and  15.3 d en o te  f lu c tu a tio n s  o f  
sea  level (r ise  and fall) w ith re fe rence  to p resen t sea 
level (i.e. p re se n t  da tum  line a t o m e te r)  abou t
150,000 ybp  and 20 ,000  ybp (years  befo re  p resen t) .

7. Indicators of Historical Records
T h e  reco rded  even ts  d u r in g  the  ex is te n c e  o f  

hum an  spec ies  p ro v id e  v a lu ab le  d a ta  lo r  re c o n ­
s truc ting  the  p a laeo c l im a tic  h is to ry  (palaeochim o- 
ch ro n o lo g y ) fo r  the  pas t 6 0 0 0  years .  It m ay  be 
m en tio n ed  tha t the  reco rd e d  p as t  even ts  are  re la ted  
m ostly  to e x t re m e  e v e n ts  o f  w e a th e r  co n d i t io n s  
ra the r  than  re g u la r  w e a th e r  co n d i t io n s .  Such 
ex tre m e  w e a th e r  e v e n ts  in c lu d e  f reez in g  o f  r ivers  
and lakes ,  u n p re c e d e n te d  f lo o d s  and  d ro u g h ts  
le ad in g  to f a m in e s ,  m ass  ex o d u s  o f  h u m a n  m ig ra ­
tion  d e se r t in g  th e ir  se t t lem en ts  etc. A few  e x a m ­
ples  w ill be  su f f ic ie n t  to d e m o n s t ra te  the s ig n if i­
c a n c e  o f  su ch  in d ic a to rs  o f  c l im a tic  changes .  T he  
re c o rd s  o f  te m p e ra tu re s  o f  the T h am es  (U .K .)  from  
9th  c e n tu ry  A .D . to 18th cen tu ry  A .D . deno te  
in c re a s in g  t re n d  o f  f re q u e n c ie s  o f  f reez ing  o f  the 
T h a m e s  r iv e r  p e r  100 yea rs  e.g . the T h a m e s  was 
frozen  o n ly  o n c e  o r  tw ice  per  100 years  from  800 to 
1500 yea rs  ag o ,  4 t im es  d u r in g  16th cen tu ry ,  8 
tim es  d u r in g  17 th  c e n tu ry ,  and  6 t im es  d u r in g  18th 
cen tu ry .  T h is  d e n o te s  c o o l in g  o f  U .K . and  env irons  
f ro m  800  to 1800  yea rs  b e fo re  p re se n t  (Y B P ).  T he  
re c o rd e d  d a ta  f rom  Ice lan d  f ro m  9 0 0  to 1900 Y B P  
a lso  d e m o n s t r a te  c o o l in g  o f  N o r th  A tla n t ic  O cean  
b e tw e e n  9 0 0  and  1900 Y B P. T h e  re c o rd s  o f  h igh 
f lo o d s  in the  N ile  V a lley  s ince  6 4 0  A .D . revea l  
in c re a se  in ra in fa l l  in the  so u rce  reg io n s  o f  the  N ile  
r iv e r .  T h e  re c o rd s  o f  d ro u g h ts  in the  so u th -w e s te rn  
arid  and  s e m ia r id  U n ite d  S ta tes  o f  A m e r ic a  and  
S ahel re g io n  o r  S u b -S a h a ra  re g io n  d e n o te  acu te  
d e f ic ie n c y  in n o rm a l  ra in fa l l  and  re su ltan t  e x tre m e  
arid ity .

15.4 RECONSTRUCTION OF
CLIMOCHRONOLOGY

C lim o c h r o n o lo g y  m ay  be d e f in e d  as s y s te m ­
a t ic  d e s c r ip t io n  o f  c l im a t ic  c o n d i t io n s  and  c l im a t ic  
c h a n g e s  in te rm s  o f  g e o lo g ic a l  h is to ry  o f  the  ea r th  
i.e . p a s t  c l im a te s  o f  e a c h  p e r io d  o f  th e  e a r t h ’s 
h is to ry .  T h e  re c o n s t ru c t io n  o f  p a la e o c l im a te s  i.e.

c l im o c h ro n o lo g y  m e an s  re a r ra n g in g  o f  climatic 
h is to ry  o f  the  g lo b e  o r  p a r t  th e re o f  on  the  basis  of 
in d ic a to rs /e v id e n c e s  o f  p la a e o c l im a te s .  T h e  de­
sc r ip t io n  o f  c l im o c h ro n o lo g y  o f t h e  w o r ld  may be 
a t te m p te d  in the fo l lo w in g  heads .

(1) C lim a t ic  c h a n g e s  d u r in g  geological
periods ,

(2) C lim a t ic  c h a n g e s  d u r in g  Q uaternary  
per io d ,  and

(3) C lim a t ic  c h a n g e s  in the  recen t  pas t 
(ab o u t past 10 0 0  y ea rs  o r  so).

1. Climatic Changes Through 
Geological Periods

T h e  g eo lo g ic a l  h is to ry  o f  th e  ea r th  o r  the 
‘geo log ica l  c lo c k ’ re fe rs  to the  r e c o n s t ru c t io n  o f  
ev o lu t io n a ry  s e q u e n c e s  o f  the  g e o lo g ic a l  ev en ts  
invo lv ing  the  in fo rm a tio n  o f  v a r io u s  z o n e s  (c rus t ,  
m antle  and co re )  o f  the  e a r th ,  fo rm a t io n  and 
evo lu tion  o f  g e o m a te r ia ls  ( ro c k s ) ,  f o rm a t io n  and 
d ev e lo p m e n t  o f  m o u n ta in s  and  fau lts ,  e v o lu t io n  o f  
d if fe ren t  lives etc. T h e  w h o le  g e o lo g ic a l  h is to ry  
righ t from  the o r ig in  o f th e  ea r th  to its p r e s e n t  fo rm  
has been  d iv id ed  in to  m a jo r  and  m in o r  p e r io d s  o n  
the basis  o f  fo rm s  o f  life  (o rg a n ic  r e m a in s ) ,  
ch a rac te r is t ic  ro ck  d e p o s i t s ,  p la c e s  o f  ro c k  f o r m a ­
tion, m a jo r  te c to n ic  ev e n ts  etc. T h e  w h o le  g e o lo g i ­
cal h is to ry  o f  the  ea r th  has  been  d iv id e d  in to  f ive  
eras  (the  la rg es t  t im e  d iv is io n  o f  th e  e a r t h ’s h is to ry  
has been  te rm ed  E ra )  b a sed  on  fiv e  m a jo r  g ro u p s  o f  
d ep o s its  as fo l lo w s :

Major Groups of E r a s

Deposits

( f ro m  y o u n g e s t  to  o ld e s t )  
C e n o z o ic

C e n o z o ic  g ro u p  

M e s o z o ic  g ro u p

(era of recent life) 
Mesozoic 
(era of medieval life) 

Proterozoic Proterozoic
(era o f  earlier life) 

A rc h e o z o ic  Archaeozoic
(era of primeval life)

Each era is numbered in sequence as first 
(primary), second (secondary), third ( te n m y )a a d  
fourth (quaternary) epoch. Further, each
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The geo log ica l clock (m odtfied after F. Press and R. Siever, 1974). Numbers denote years in millions 

before present.

div ided  in to  s e v e r a l  p e r io d s .  T h e  n a m e s  o f  p e r io d s  
have been  a s s ig n e d  o n  v a r io u s  g ro u n d s  e .g .  n am es  
o f the  p la ces  o f  c h a r a c te r i s t i c  s y s te m s  o f  d e p o s i ts ,  
the n am es  o f t r ib e s ,  th e  c h a ra c te r i s t i c s  o f  d e p o s i ts ,  
dom inance  o f  c e r ta in  e l e m e n t s  an d  m in e ra ls  e tc . as 

f o l lo w s :
Palaeozoic p a la e o  ( a n c ie n t ) ,  zo e  (G e rm a n ) -

life
Mesozoic mesos ( G e r m a n )  m e a n s  middle

>ic K a in o s  ( G e r m a n )  m e a n s  n ew

C am brian

O rdovic ian

S ilu rian

D evon ian

C arb o n ife ro u s

P erm ian

C a m b r ia  or W a le s  (p lac e )  in U .K . 

O rd o v ic e s  (a  B rit ish  tr ib e  in N . 

W ales)

S ilu rs  (a B rit ish  tr ib e  in S. W a le s )  

D ev o n sh ire  (p lac e  and  re g io n  in

U.K .)

d o m in a n c e  o f  c a rb o n  (co a l)  

p e rm  (a  p ro v in c e  in e r s tw h i le  

USSR



T riass ic  th re e - fo ld  d iv is io n  o f  d e p o s i t s  in

G e rm a n y ,  ‘t r i a s ’ m e an s  tr ip le  

Ju rass ic  a f te r  J u ra  m o u n ta in s  in S w i tz e r ­
land

C re taceo u s  c re ta  (L a t in )  m e an s  ch a lk ,  d o m in ­
an ce  o f  a b u n d a n t  d ep o s i ts  o f  w h ite  
w r it in g  ch a lk  

E o ce n e  E o s  m e a n s  d a y  b reak
O lig o c en e  O lig o s  (G e rm a n )  m e a n s  li t t le
M io cen e  M e io n  (G e rm a n )  m e a n s  s m a l le r
P lio c en e  P le io n  (G e rm a n )  m e a n s  g r e a te r
P le is to cen e  P le is to s  m e a n s  m o s t
H o lo cen e  H o lo  m e a n s  c o m p le te
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S o m e  s c ie n t i s t s  h a v e  p u t  to g e th e r  all the 
g e o lo g ic a l  e v e n t s  o f  th e  p a s t  h is to ry  o f  th e  earth in 
th e  fo rm  o f  a c lo c k .  T h u s ,  th e  sp ira l  system 
re p re s e n t in g  th e  w h o le  g e o lo g ic a l  a n d  geom orph ic  
h is to ry  to g e th e r  is c a l le d  as  ‘geological clock’ 
w h e re in  o n e  b i l l l io n  y e a r s  r e p re s e n t  eac h  revo lu ­
tion  o f  th e  c l o c k ’s a rm .  E a c h  rev o lu t io n  is 
f u r th e r  s u b d iv id e d  in to  ‘h o u r s ’ w h e re  ea c h  d iv i­
s io n  (h o u r )  c o r r e s p o n d s  to  100  m i l l io n  yea rs  and 
‘m in u te s ’ r e p r e s e n t  th e  t im e  p e r io d  o f  10 m in ion  
y ea rs .  F ig .  15.4 r e p re s e n t s  th e  g e o lo g ic a l  clock 
s u g g e s te d  by  F ra n k  P re s s  a n d  R a y m o n d  Siever 
(1974).

CUMATQLOOV

Table 15.1 : Geological Time Table (from youngest to oldest)

E ras  E p o c h s  P e r io d s  D ura tion  Ice S ta r t in g  t im e

(m ill io n  y e a rs )  A g e  b e fo re  p r e s e n t

(m i l l io n  y e a r s )

N e o z o ic  Q u a te rn a ry

C e n o z o ic  T er t ia ry

M e s o z o ic  S e c o n d a ry

P a la e o z o ic  P r im a ry

P re -P a la e o z o ic  

A z o ic  o r  A rc h a e a n

2. H o lo c e n e  or

P o s t-g lac ia l

1. P le is to cen e 0 .9 9 0

4. P l io c en e 10.000

3. M io c e n e 14.000

2. O l ig o c e n e 15.000

1. E o c e n e 3 0 .0 0 0

3. C re ta c e o u s 6 5 .0 0 0

2. J u ra s s ic 4 5 .0 0 0

1. T r ia s s ic 4 5 .0 0 0

6. P e rm ia n 4 5 .0 0 0

5. C a rb o n i fe ro u s 8 0 .0 0 0

4. D e v o n ia n 5 0 .0 0 0

3. S i lu r ia n 4 0 .0 0 0

2. O rd o v ic ia n 6 0 .0 0 0

1. C a m b r ia n 10 0 .0 0 0

P re -C a m b r ia n -

o r  A lg o n ic a n

A rc h a e a n

P le is to e c e n e

ice a g e  4 1 .0 0 0

11.000
2 5 .0 0 0

4 0 .0 0 0

7 0 .0 0 0

1 3 5 .0 0 0  

1 8 0 .0 0 0 -

3 2 2 5 .0 0 0

C a rb o n i fe ro u s  2 7 0 .0 0 0

ice  a g e  3 5 0 .0 0 0

age  4 0 0 .0 0 0

2 4 4 0 .0 0 0

Ic e  a g e  5 0 0 .0 0 0

( 4 5 0 - 4 3 0  m y b p )  6 0 0 .0 0 0

P r e - C a m b r ia n  7 0 0 .0 0 0

ice  a g e  (8 5 0 -

6 0 0  m y b p )  8 0 0 .0 0 0
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Pre-Palaeozoic Era

V e r y  f e w  g e o l o g ic a l  e v id e n c e s  a re  a v a i la b le  
to  r e c o n s t r u c t  t h e  c l im a t i c  h i s to r y  o f  e a r ly  p re -  
P a la e o z o ic  e ra .  I n f e r e n c e s  h a v e  b e e n  d ra w n  o n  th e  
bas is  o f  I i t h o lo g ic a l  e v o l u t i o n  a n d  e v id e n c e s  
th e re o f ,  n u m e r i c a l  m o d e l s  a n d  d e d u c t io n s .  T h e  
e a r th  c h a n g e d  f r o m  g a s e o u s  s ta te  to  l iq u id  s ta te  
a f te r  its  o r ig i n .  T h e  s o l id  c r u s t  w a s  fo rm e d  d u e  to  
c o o l in g  a n d  s o l i d i f i c a t i o n  o f  l iq u id  m a te r ia ls .  T h is  
p h a s e  w a s  f o l l o w e d  b y  th e  f o r m a t io n  o f  d e n s e  
a t m o s p h e r e  s u r r o u n d i n g  th e  e a r th .  D u e  to  g ra d u a l  
b u t  c o n t i n u e d  c o o l i n g  a n d  c o n t r a c t i o n  o f  th e  e a r th  
and  r e s u l t a n t  c o n d e n s a t i o n  o f  w a te r  v a p o u r  th e re  
b e g a n  th e  p r e c i p i t a t i o n  p r o c e s s  w h ic h  u l t im a te ly  
r e s u l t e d  in to  t h e  d e v e l o p m e n t  o f  r iv e r s  a n d  seas .  It 
is a s s u m e d  th a t  t h e  e a r l i e s t  c l im a t i c  p h a s e  o f  th e  
e a r t h ’ s a t m o s p h e r e  w a s  w a r m  w ith  a v e ra g e  ( a s ­
s u m e d )  a t m o s p h e r i c  t e m p e r a t u r e  o f  37°C  a b o u t  
4 250  M Y B P  (m i l l io n  y e a r s  b e fo re  p re sen t)  w h ich  is 
s u p p o se d  to  h a v e  d r o p p e d  to 2 5°C  ab o u t 2 500  
M Y B P . S u c h  a s s u m p t io n s  an d  ca lcu la t io n s  are  based 
on th e  e s t im a te  th a t  th e  c o n c e n tra t io n  o f  ca rbon  
d iox ide  ( C O 2) m i g h t  h a v e  b e e n  m u c h  h ighe r  in the 
earlies t a t m o s p h e r e  th an  a t  p re s e n t  an d  thus the pre- 
P a la eo zo ic  c l im a te  m ig h t  h a v e  b een  very  w arm  due  to 
g re e n  h o u s e  e f f e c t  o f  th e  e a r ly  a tm o sp h e re .

T h e  s e q u e n c e  o f  w a r m in g  w a s  b ro k e n  by 
m any  g l a c i a l  p e r i o d s  as  in d ic a te d  by g la c ia l  
d ep o s i ts ,  a  f e w  g l a c i a l  f e a t u r e s ,  s t r ia te d  su r fa c e s ,  
s e d im e n ta ry  d a t a  e tc .  f o u n d  f ro m  G o w g a n d a ,  
R am se y  la k e s ,  B r u c e  f o r m a t io n s  e tc .  in  th e  
O n ta r io  p r o v i n c e  o f  C a n a d a .  T h e s e  in d ic a to r s  
revea l th e  e x i s t e n c e  o f  p r o b a b ly  th e  f i r s t  ice age, 
know n  a s  Huronian Glaciation (o n  th e  b a s is  o f  
Lake H u r o n  o f  C a n a d a  a n d  U S A )  w h ic h  is 
supposed to  h a v e  o c c u r r e d  a b o u t  2 7 0 0  M Y B P  a n d  
might h a v e  c o n t i n u e d  u p to  1 8 0 0  M Y B P .  T h e  e a r th  
again e x p e r i e n c e d  w a r m  c l im a t i c  p h a s e  w h ic h  
co n t in u ed  u p to  9 5 0  M Y B P .

T h e  la te  p r e - C a m b r i a n  p e r io d  is s u p p o s e d  to 
have b een  a g a in  u n d e r  c o ld  c l im a t ic  p h a s e  w h e re in  
three g la c ia l  p e r io d s  m i g h t  h a v e  o c c u r r e d  w h e n  
m ° s t  o f  th e  e a r t h ’s  s u r f a c e  w a s  g la c ia t e d .

^ ^ n b r ia n  Period
T h e  geological characteristics of rocks of 

P^-Cambrian period which started about 700 
^ B p  (million y e a r s  before present) denote that

d e n s e  a tm o s p h e re  w as  fo rm e d  a ro u n d  th e  ea r th .  
D u e  to  g ra d u a l  b u t  c o n t in u e d  c o o f in g  a n d  c o n t r a c ­
t ion  o f  th e  ea r th  an d  r e s u l ta n t  c o n d e n s a t io n  o f  
w a te r  v a p o u r  th e re  b e g a n  the  p ro c e s s  o f  p r e c ip i ta ­
tion  w h ic h  u l t im a te ly  r e s u l te d  in to  th e  d e v e lo p ­
m e n t  o f  r iv e rs  and  seas .  T h e  s e q u e n c e  o f  w a rm  
c l im a te  w as  b ro k e n  by m a n y  g la c ia l  p e r io d s  
re su l t in g  in to  the  b e g in n in g  o f  p e rh a p s e  the  f irs t  ice  
a g e  k n o w n  as p re -C a m b r ia n  ice age h a v in g  a  t im e  
span  f ro m  8 50  M Y B P  to 6 0 0  M Y B P .  A m o n g  th e  
p la n t  k in g d o m  on ly  m a r in e  g r a s s e s  w e re  e v o lv e d .  
T h e  th re e  p re -C a m b r ia n  g la c ia l  p e r io d s  k n o w n  as 
G n e js o ,  S tu r t ian ,  and  V a ra n g ia n  g la c ia l  p e r io d s ,  
c o n t in u e d  f ro m  9 5 0  to 6 5 0  M Y B P .

Palaeozoic Era (650-600 to 250 MYBP)

T h e  ea r ly  C a m b r ia n  p e r io d  is s u p p o s e d  to  
h a v e  b een  in co ld  c l im a t ic  p h a s e  le a d in g  to  ice age 
d u r in g  w h ich  the  g la c ia t io n  w as  m o re  w id e s p re a d  
th a n  p re -C a m b r ia n  ice age . This> conno ta tion*  is 
v a l id a te d  on the  bas is  o f  the  p re s e n c e  o f  a n c ie n t  
e a r ly  C a m b r ia n  m o ra in ic  d e p o s i t s  in  G re e n la n d ,  
S co t t lan d ,  S c a n d in a v ia ,  C h in a ,  S o u th  A m e r ic a  
so u th e rn  parts  o f  A fr ica ,  A u s tra l ia  e tc . r e p re se n t in g  
bo th  the  h e m isp h e re s .  T h is  c o ld  p h a s e  w as  
fo l lo w e d  by w arm  c l im a t ic  p h a s e  w h ic h  b e c a m e  
re s p o n s ib le  fo r  the  e v o lu t io n  o f  l i fe  m a in ly  p la n ts  
in w a te r  b o d ie s  i.e. seas . M o s t  o f  th e  v e r te b ra te  
a n im a ls  in c lu d in g  1000 sp e c ie s  w e re  e v o lv e d  in  
the  seas  b u t  th e se  a re  n o t  fo u n d  a t p re s e n t .  T h e s e  
a n im a ls  d e p e n d e d  on m a r in e  g ra s s e s  fo r  th e i r  
food . T h o u g h  e v id e n c e s  f ro m  a n c ie n t  o r g a n i s m s  
and  s e d im e n ta ry  d e p o s i t s  s u g g e s t  w a rm  c l im a t ic  
p h a se  d u r in g  C a m b r ia n  an d  e a r ly  O r d o v ic ia n  
p e r io d s  b u t  so m e  e v id e n c e s  f ro m  S a h a r a  in d ic a te  
little  ice phase , i f  no t ice  a g e ,  d u r in g  la te  
O rd o v ic ia n  p e r io d .  T h e  S i lu r ia n  p e r io d  a g a in  
b e c a m e  w arm  and th is  p h a s e  c o n t in u e d  in to  
D e v o n ia n  p e r io d .  T h e  e v id e n c e s  d e n o te  w a rm  
t ro p ica l  c l im a te  o f  m o s t  o f  the  n o r th e rn  h e m is p h e re  
in c lu d in g  N o r th  A m e r ic a ,  E u r o p e  a n d  C h in a ,  
c h a ra c te r iz e d  by  w a rm  a n d  s e m i -a r id  c l im a te .  T h e  
D e v o n ia n  p e r io d  w as  a lso  c h a r a c te r i z e d  b y  th e  
e v o lu t io n  o f  g re e n  land  p la n ts  a n d  a  la rg e  n u m b e r  
o f  s p e c ie s  o f  f ish . A m p h ib i a n s  w e re  e v o lv e d  
to w a rd s  the  en d  o f  D e v o n ia n  p e r io d .  T h e r e  w a s  
d is p e rs a l  o f  v e r te b ra te  a n im a ls  f r o m  s e a s  to  
a re a s  d u e  to  s u c h  f lo ra  o n  la n d  a r e a s  w h ic h  
p ro v id e  th e m  food .



T h e  C a rb o n i fe ro u s  p e r io d  e x p e r ie n c e d  c o n ­
t r a s t in g  c l im a t ic  c o n d i t io n s  in th e  n o r th e rn  and  the  
so u th e rn  h e m is p h e re s .  M o s t  o f  the  co a ls  o f  N o fth  
A m e r ic a  an d  E u ro p e  w ere  d e p o s i te d  d u r in g  this 
p er iod .  T h e  no rthern  h em isp h e re  w as ch a rac te r ized  
by  w arm  trop ica l c l im a te  h av in g  bo th  w arm  dry and 
w a rm  w e t  c l im a te s  w h ich  b e c a m e  re s p o n s ib le  for 
d e n s e  v eg e ta tio n  co v e r  in the  n o r th e rn  h em isp h e re .  
O n  the  o th e r  h an d ,  m o s t  o f  th e  s o u th e rn  h e m i­
sp h e re ,  say  G o n d w a n a la n d ,  w as  u n d e r  coo l c l i ­
m a tic  phase  lead in g  to w id e sp re a d  g la c ia t io n  
k n o w n  as Carboniferous Ice Age w h ich  is s u p ­
p o s e d  to  h a v e  c o n t in u e d  f ro m  m id d le  and  late 
C a rb o n i fe ro u s  p e r io d  to ea r ly  P e rm ian  per iod . T h e  
c l im a t ic  h aza rd  o f  such  w id e s p re a d  g la c ia t io n  
b e c a m e  re s p o n s ib le  fo r  e x t in c t io n  o f  n u m e ro u s  
p la n ta n d  an im a l spec ie s .  W ith  in c re a s in g  seasona l 
v a r ia t io n s  in th e  c l im a t ic  c o n d i t io n s  the  ra tio  o f  
ev e rg re e n  tree s  c o n t in u e d  to dec rease .  C o n s e ­
q u e n t ly ,  the  d e c id u o u s  tree s  w h ic h  cou ld  re s is t  dry  
w e a th e r  and  fro s t ,  w e re  ev o lv e d .  T h e  n u m b e r  and 
sp e c ie s  o f  land  an im a ls  fu r th e r  inc reased  and 
n u m e ro u s  sp ec ie s  o f  m a m m a l- l ik e  rep ti les  w ere  
e v o lv e d  b u t  th e se  soon  p e r ish ed .  By the end  o f  
P e rm ian  p e r iod  the  so u the rn  h em isp h e re  recovered  
fro m  C a rb o n i fe ro u s  g la c ia t io n  d u e  to re trea t  and 
ab la t io n  o f  ice  sh ee ts .

Mesozoic Era (225-70 MYBP)

T h e  c l im a t ic  c o n d i t io n  d u r in g  T riass ic  
period  w as  w a rm  and  d ry  b u t  it b e c a m e  w et by the 
end  o f  th is  pe r io d .  C o n s e q u e n t ly ,  c o n i fe ro u s  trees  
and ferns  w ere  d e v e lo p e d  in the  n o r th e rn  h e m i­
sphere . F o r  the  f irs t  t im e , m a m m a ls  e v o lv e d  from  
rep tiles  on  land areas. T h e  Ju ra ss ic  c l im a te  b e c a m e  
sub trop ica l.  T h e  ra in fa l l  w as  such  tha t  d e n s e  
vegeta tion  cou ld  be  ev o lv ed  and  d e v e lo p e d  in 
m any  areas. F o r  the  f irs t  t im e , f lo w e r in g  p la n ts  
(ang iosperm s)  w ere  e v o lv e d  d u r in g  th is  p e r io d .  
L and  areas  w ere  d o m in a te d  by fo re s ts  and  s w a m p y  
p la ins  hav ing  lakes  and  m e a n d e r in g  r iv e rs .  C re ta ­
ceous  period  w as m a rk e d  by w a rm in g  o f  h ig h  
a t i tudes  w hich  m a d e  the  g ro w th  o f  v e g e ta t io n  

p o ss ib le  up to  G reen la n d .  D e c id u o u s  trees  f lo u r ­
ished  b eca u se  of seaso n a l  r e g im e  of c l im a te  T h e  
oxygen isotope analysis of d e e p  sea  c o re s  h a v in g  
benthic and plankton fossils (300 planktons) 
provide ample data for inferring temperatures of 
oceans m  both  low  and h ig h  la ti tudes .  T h e  la te r  h a l f
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o f  C re ta c e o u s  p e r io d  w i tn e s s e d  c o o l in g  o f  high 
la t i tu d es  d u e  to  n o r th w a rd  d is p la c e m e n t  o f  land 
a re a s  o f  A n g a ra la n d .  ‘T h i s  t im e  o f  ea r th  history 
saw  the  w o r ld  in its greenhouse m o d e ,  when 
c l im a te  w as  p r e d o m in a n te ly  w a rm , p o la r  ice caps 
n o n e x is te n t ,  an d  sea  leve l h ig h .  T h e  c h a n g e  from 
th is  to  an e v e n tu a l  ice house mode m ay  no t have 
been  sm o o th ,  b u t  r a th e r  e p i s o d i c ’ (Q liv c r  and 
H id o re ,  2 0 0 3 ) .

Cenozoic Era

T h e  ea r ly  T e r t ia ry  w i tn e s s e d  d ro p  in 
to m p e ra tu re s  b u t  still the  c l im a te  r e m a in e d  warm. 
In the  Eocene p e r iod  (7 0  to 4 0  M Y B P )  o r  early 
T e r t ia ry  e p o c h  E n g la n d  w as  c h a ra c te r i z e d  by 
t rop ica l  v e g e ta t io n  s im i la r  to p r e s e n t  M alays ia .  
W arm  c l im a te  e x te n d e d  u p to  G r e e n la n d  a n d  hence  
trop ica l p a lm  trees  g re w  u p to  G r e e n la n d .  D u rin g  
Oligocene period  (40  to 25 M Y B P )  m o s t  o f  the 
a reas  w ere  d o m in a te d  by  w a rm  a n d  te m p e ra te  
c l im a te  bu t the  cy c le  o f  c o ld  c l im a te  a l s o  s ta r te d  in 
this pe r iod . T h e  o n se t  o f  co ld  c l im a te  c a u s e d  
d isa p p e a ra n c e  o f  fo re s ts  in s o m e  a re a s  m a in ly  in 
high la titudes  bu t the re  w as e x p a n s io n  in g ra s s la n d s  
w h ich  b e c a m e  re s p o n s ib le  fo r  th e  e v o l u t io n  o f  
m any  sp ec ie s  o f  g rass  e a te r  m a m m a ls .  D u r in g  
M iocene period  (25-11  M Y B P )  th e  e a r t h ’s s u r fa c e  
w as c h a ra c te r iz e d  by v a ry in g  c l im a t ic  c o n d i t io n s  
as th e se  va r ied  f ro m  d ry  a n d  d e s e r t  c l im a t ic  
c o n d i t io n s  to w e t  and  c o ld  c l im a te .  H u m id  c l im a te  
b e c a m e  re s p o n s ib le  fo r  th e  g ro w th  a n d  d e v e lo p ­
m e n t o f  d e c id u o u s  fo re s ts  h a v in g  s p e c ie s  o f  m ap le ,  
o ak  and  p o p la r  in N o r th  A m e r ic a  a n d  E u r o p e  w hile  
c e d a r  g rew  in h ig h la n d s .  T h e  p la in s  o f  N orth  
A m e r ic a  w e re  c o v e re d  by  p r a i r i e  g ra s s e s .  The 
Pliocene p e r iod  (11-1  M Y B P )  w i tn e s s e d  wide 
ra n g e  o f  f lu c tu a t io n s  in t e m p e r a tu r e s  i .e . repetition  
o f  w arm  and  co ld  p h ases .  T h e  g la c ie rs  b e g a n  to form 
over  A n tarc t ica .  T h e  c o n t in u e d  lo w e r in g  o f  tem pera­
tu re  c u lm in a te d  in to  the  fo rm a t io n  o f  con tinen ta l 
g la c ia t io n  and  o n s e t  o f  ice  a g e  in P le is to c e n e  period 
o f  Q u a te rn a ry  e p o c h .  T h i s  is b e in g  d is c u s s e d  in the 
fo l lo w in g  h e a d in g .

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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p le is to cen e  w i tn e s s e d  m o s t  p r o n o u n c e d  c l im a t ic  
changes fo r  w h ic h  m u c h  a u th e n t ic  d a ta  d e r iv e d  
through d i f f e r e n t  t e c h n iq u e s  su ch  as p o l le n  an a lv  
sis, iso to p e  a n a ly s i s ,  c a r b o n  d a t in g ,  p o ta s s iu m  
argan d a t in g  e tc . a re  a v a i la b le  a n d  th e  s e q u e n c e s  o f  
events  a re  w e l l  d o c u m e n te d .  M a jo r  p a r ts  o f  N o rth  
A m erica  a n d  E u r o p e  w e r e  e x t e n s iv e ly  g la c ia te d  
during P le i s to c e n e  ic e  a g e  w h ic h  c o m p r i s e d  o f  f o u r  
glacial an d  f o u r  in te rg la c ia l  p e r io d s .

rc- J h e  P le ,  s to c e n e  g |a c i a ‘ ion  o f  N o r th  A m e r ic a  
(Fig 15 .5)  w i tn e s s e d  f o u r  p e r io d s  o f  c o o l in g  an d
resu ltan t f o r m a t io n  o f  g la c ie r s  an d  ice  sh e e ts  and
their e q u a to r w a r d  a d v a n c e m e n t .  T h e  g la c ia l  neri-
ods h a v e  b e e n  id e n t i f i e d  a n d  n a m e d  as  N e b ra s k a n
(3 0 0 ,0 0 0 -2 6 0 ,0 0 0  Y B P ) ,  K a n s a n  (205 ,000-167*000
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Y B P ),  I l l in o in  (1 3 5 ,0 0 0  - 1 0 0 ,0 0 0  Y B P )  a n d  
W isc c o n s in  (7 0 ,0 0 0 -1 0 ,0 0 0  Y B P ). T h e s e  fo u r  
g lac ia l  p e r io d s  w ere  s e p a ra te d  by  w a rm e r  p e r io d s ,  
c a l le d  as in te rg lac ia l  p e r io d s ,  n a m e ly  A f to n ia n  
in te rg lac ia l  p e r io d  b e tw ee n  N e b ra sk a n  an d  K a n sa n  
g la c ia l  p e r io d s  (2 6 0 ,0 0 0  to  2 0 5 ,0 0 0  Y B P ),  Y a r ­
m o u th  in te rg la c ia l  p e r io d  b e tw e e n  K a n s a n  a n d  
I l l in o in  g lac ia l  p e r io d s  (1 6 7 ,0 0 0 -1 3 5 ,0 0 0  Y B P ),  
S an g a m o n  in te rg lac ia l  p e r io d  b e tw e e n  I l l in o in  an d  
W isc o n c in  g la c ia l  p e r io d s  ( 1 0 0 ,0 0 0 -7 0 ,0 0 0  Y B P )  
an d  re c e n t  H o lo c e n e  in te rg la c ia l  p e r io d .  T h e  ice  
shee ts  a d v a n c e d  f ro m  3 m a jo r  s o u rc e s  ( ice  c a p s )  
e .g. (1) L a b ra d o r  ice sh ee t;  (2) H u d so n  B a y  or 
K eew atin  ice sheets ,  and  (3) C o rd i l la re a n  o r  R o c k y  
ice sheets . T w o  ice  shee ts  o f  L a b ra d o r  ice  c a p s  a n d

Glaciation o f North America during Pleistocene Ice Age; C-Cordillarean ice sheet, 
and L-Labraa *■ ice sheet.
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K eew atin  ic e  caps  a f te r  the ir  initial sou th w ard  
ad v an ce  co m b in ed  to g e th e r  and b ecam e  m uch 
w ider  and  ex ten s iv e  ice sheets  w h ich  m oved  as far 
sou th  as up to  the p ro v in ce  o f  N ebraska . T he  
co m b in ed  ice shee ts  w ere  ca lled  as L au re n t id e  ice 
sheet. T he  St. L aw rence  V alley  and central low land 
w ere  co m p le te ly  covered  by L au ren tid e  ice sheet. 
Its eas tw ard  m o v e m en t  co v e re d  the A p p a lach ian s .  
B es ides .  A laska , w estern  C an ad a ,  W ash in g to n ,  
Idaho , M o n ta n a  etc. w ere  a lso  co v ere d  by th ick  ice 
shee ts  m e a su r in g  1000 m e ters  to 1500 m e ters  in 
th ickness .  T h e  w ithd raw al or re treat o f  ice sheets  
du r in g  in te rg lac ia l  pe r iods  left beh ind  n u m e ro u s  
te rm ina l m ora ines .  S evera l lakes m a in ly  the G rea t 
L ak es  (co m p r is in g  S uperio r ,  M ich ig an ,  H uron , 
Erie  and  O ntar io )  are the legacy  o f  P le is tocence  Ice 
A ge and  co n s e q u e n t  g lac ia t ion .
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Table 15.2 : Pleistocene Glaciation of North America

Glacial and 
Interglacial
P e r io d s

Duration
(y e a r s  b e fo re  p r e s e n t )

1. N eb ra sk an 3 0 0 ,000 -260 ,000

1. A f to n ian 260 ,00 0 -2 0 5 ,0 0 0
( in te r  g la c ia l )

2. K ansan 2 0 5 ,0 0 0 -  167 ,000
2. Y a rm o u th 167 ,000-135 ,000

( in te r  g la c ia l )

3. I l l in o in 135 ,000 -100 ,000
3. S a n g a m o n 1 0 0 ,0 00 -70 ,000

( in te r  g la c ia l )
4. W isc o n c in 7 0 ,0 0 0 -1 0 ,0 0 0
4. H o lo c e n e 10,000

( in te r  g la c ia l )

E u r o p e  w as  g la c ia te d  d u r in g  P le is to c e n e  ice 
a g e  by  th e  a d v a n c in g  ice  sh ee ts  f ro m  th ree  m a jo r  
s o u rces  o f  s n o w  f ie ld s  (i.e. cap s) ,  n am ely  S co tland ,  
S c a n d in a v ia ,  an d  th e  A lp s .  T h e  a d v a n c in g  ice 
s h ee ts  f ro m  S c o t la n d  an d  S c a n d in a v ia  co v e re d  
G re a t  B r i ta in ,  S c a n d in a v ia n  c o u n t r ie s ,  D e n m a rk ,  
B e lg iu m , L u x e m b e rg ,  N e th e r lan d s ,  G e rm a n y  w hile  
S w i tz e r la n d ,  A u s t r ia ,  I ta ly ,  F ra n c e ,  s o u th e rn  G e r ­
m a n y  e tc .  w e re  g la c ia te d  by ice  s h e e ts  a d v a n c in g  
n o r th w a rd  f ro m  th e  ice  c a p s  o f  the  A lp s .  L ik e  
g la c ia l  an d  in te rg la c ia l  p e r io d s  in N o r th  A m e r ic a ,  
f o u r  g la c ia l  p e r io d s  h a v e  a lso  b e e n  id e n t i f ie d  an d

nam ed  in E u ro p e ,  e .g . G unz , M indel ,  Riss and 
W u rm  glacia l pe r iods  w here in  tw o glacial periods 
w ere  separa ted  by w arm er in terg lac ia l period. The 
trop ica l and sub tro p ica l  reg ions  o f  the globe 
rem ained  w arm .

T h e  last bu t m os t  recen t early  Wisconcin 
g lacia l period  s ta r ted  a b o u t 7 0 ,0 0 0  Y B P  but main 
W isco n c in  g lac ia l  period  in N orth  A m erica  is 
su p p o sed  to have  s ta r ted  a b o u t 3 0 ,0 0 0  Y B P (years 
befo re  p resen t)  and  re trea ted  a b o u t  12,000 YBP. 
T he  then  te m p era tu re  w as a b o u t 4°C  less than the 
present tem pera tu re .

3. Climate in the Post-Glacial Period

T he final retreat and w ithdraw al o f  recent ice 
sheets  started  abou t 18,000 Y B P  and  con tinued  
upto  10-12 ,000 Y B P  w hen  m ost  o f  the ice covers  
w ere w ithdraw n  from  the U SA . O n the o th e r  hand, 
the m arg ins  o f  re tre a tin g  ice shee ts  in S can d in av ia  
and Sco tland  (E u ro p e)  s ta rted  to e x p a n d  and 
advance  abou t 10 ,200 Y B P  and  thus  th e re  w as 
reappearance  o f  short  period  g lac ia l  p h ase  in v o lv ­
ing lim ited  areal ex ten t.  T h is  little  s h o r t -p e r io d  
glacial phase  is know n  as Younger Dryas bu t th is  
tem porary  glacia l p hase  soon cam e  to  an en d  as  the  
ice sheets  m elted  and f ina lly  w ith d rew . T h e  p e r io d  
rang ing  from  18,000 to 5 ,500  Y B P  is c o n s id e re d  as 
a period of deglacia tion d e n o t in g  rap id  c h a n g e s  in 
c l im a te  and rise in te m p era tu re .

It m ay be m e n tio n e d  tha t the  P le is to c e n e  Ice 
A ge  cau sed  lo w er in g  o f  sea  level at le as t  by  100 
m eters  a b o u t 18 ,000  Y B P  and  the  d e g la c ia t io n  
d u r in g  H o lo c e n e  p e r io d  re su l te d  in the  re c o v e ry  o f  
sea  level to its p re se n t  level a b o u t  5 0 0 0 -6 0 0 0  Y B P 
(fig. 15.3). A s m e n t io n e d  a b o v e  a f te r  Y o u n g er  
D ry as  the  w a rm in g  o f  p re v io u s ly  g la c ia te d  areas 
re su lted  in c o m p le te  w i th d ra w a l  o f  ice  sh ee ts  from  
N o rth  A m e r ic a  an d  E u ro p e  by  5 ,5 0 0  Y B P . G reen ­
land  and  A n ta rc t ic a  still r e m a in e d  u n d e r  th ick  ice 
shee ts ,  ‘All e v id e n c e  p o in ts  to  th is  b e in g  a time 
w h en  the  m e an  a tm o s p h e r ic  te m p e ra tu re  o f  the 
m id - la t i tu d e s  w a s  2 .5 °C  (4 .5 °F )  a b o v e  tha t o f  the 
p resen t.  T h is  t im e  has  b een  d esc r ib e d  as the 
C lim atic  Optimum a te rm  o r ig in a l ly  a p p l ied  to 
S c a n d in a v ia  w h en  te m p era tu re s  w ere  w arm  enough 
to fa v o u r  m o re  v a r ie d  f lo ra  an d  f a u n a ’ (O liv e r  and 
H id o re ,  2003).
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Fig. 15.6  . T rend o f  changes in surface tem perature fo r  the past 14,000 years. The tem perature change is fro m  
p resen t average  g lo b a l temperature. After J.E. O liver and J.J. Hidore, 2003.

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

T h e  p ro x y  d a ta  f ro m  g eo lo g ica l  and  b io lo g i­
cal s o u rc e s  a n d  in d ic a to rs ,  in s tru m en ta l  reco rds ,  
h is torical r e c o rd s ,  d o c u m e n ta t io n  etc. p rov ide  
am ple a u th e n t ic  in fo rm a t io n  to re c o n s tru c t  yearly  
clim atic  f lu c tu a t io n s  s in c e  1st cen tu ry  A .D . T he  
records s h o w  th a t  th e  te m p e ra tu re  and precip ita tion  
cond itions  o f  E u r o p e a n  c o n t in e n t  and M e d i te r ra ­
nean re g io n s  w e re  s im i la r  to p re se n td a y  c l im atic  
conditions in th e  1 s t c e n tu ry  o f  C h ris tian  era. T hese  
areas e x p e r i e n c e d  fu r th e r  m o re  h u m id  co n d i t io n s  
charac te r ized  b y  in c re a s e d  p re c ip i ta t io n  and 
am eleo ra ting  t e m p e r a tu r e  u p to  m id  4 th  cen tu ry  
A.D. (i.e. by  3 5 0  A .D .) .  E u ro p e  an d  N o r th  A m e r ic a  
experienced  d ry  p h a s e  r e s u l t in g  in to  s e m i-d ro u g h t  
condition in  th e  5 th  c e n tu ry  A .D . T h e  in c re a se d  
aridity cau sed  d ry in g  o f  s e v e ra l  lak es  in the  w estern  
USA. T h e  c l im a te  in th e  n o r th e rn  h e m is p h e re  
became fu r th e r  h a r s h  d u r in g  6 0 0 - 7 0 0  A .D . w h en  
climate b e c a m e  w a r m e r  a n d  d r ie r .  T h e  in c re a s e d  
aridity re su l te d  in m e l t in g  o f  v a l le y  g la c ie r s  in the 
Alps o f  E u ro p e  a n d  o p e n in g  o f  f ro z e n  p asses  
allowing f ree  m o v e m e n t  o f  p e o p le  a c ro s s  the  
Alpine m o u n ta in s .  It m a y  b e  m e n t io n e d  th a t  th e se  
passes are  again in f ro z e n  c o n d i t io n  a t p r e s e n t  tim e  
due to re e s ta b l ish m e n t  o f  v a l le y  g la c ie rs .  T h e  m o is t  
Edition returned again in th e  9 th  c e n tu ry  A .D .

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

Optimum in the c lim atic  h istory  o f t h e  ea r th  w h en  
c lim ate becam e w arm  and re la tive ly  dry  as av e ra g e  
tem pera tu re  increased  by 1° to 2°C f ro m  th e  
p resen t-day  g lobal average  tem pera tu re .  T h e  c l i ­
mate o f  G reen land  and Ice land  beca m e  m ild  a n d  
a ttracted  the V ik ings  f rom  Ice land  to se tt le  in 
G reenland . It m ay  be m e n tio n ed  tha t V ik in g s  
m igrated  from  E uro p e  to settle  in Ice lan d  in the  9 th  
cen tury  A .D. because  o f  fav o u rab le  c o n d i t io n s  
charac te r ized  by w arm er c l im ate .  T h e  c l im a t ic  
cond itions  in sou thern  G reen lan d  a l lo w ed  the  
g row th  o f  s tunted  vegeta tion , pas tu re  and  a g r ic u l ­
ture  to support new ly  se tt led  h u m a n  p o p u la t io n .

T he  per iod  from  1250 A .D . to  1450 A .D . 
w as ch a ra c te r ized  by the reversa l o f  m ild  c l im a te  
o f  10th to 13th  cen tu r ies  A .D . as re fe r red  to  a b o v e  
as tem pera tu re  began  to drop  caus ing  acc u m u la tio n  
o f  m o re  ice o v e r  G reen la n d ,  d r i f t in g  o f  ice sh ee ts  
and  n u m e ro u s  iceb e rg s  in the  N o r th  A tla n tic  
O cean .  T h e  d r if t in g  iceb e rg s  d is ru p te d  h u m a n  
physica l co n n ec t io n  o f  G reen la n d  w ith  Ice lan d  and  
E u ro p e .  T h e  13th cen tu ry  saw  very  s to rm y  w e a th e r  
in the  A tlan tic  O c e a n  and the  no r th  S e a  w h ile  
e x t re m e  arid  c o n d i t io n  le ad in g  to s e v e re  d ro u g h t  
p re v a i le d  in the  w es te rn  U S A .

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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te m p e ra tu re  fe ll  be low  freez in g  po in t  g iv in g  b irth  
to  a n o th e r  g lac ia l  p e r iod  know n  in the  c l im a tic  
h is to ry  o f  the  ea r th  as Little Ice Age. T he  c l im a te  o f  
G reen la n d  b eca m e  so cold  tha t the ea r l ie r  se tt led  
p eop le  p er ished  and the ir  se tt lem en ts  and  o the r  
in fras truc tu res  w ere  buried  u n d er  th ick  c o v e r  o f  
ice sheets .  T he  A lp in e  g lac ie rs  b e c a m e  m o re  
active , all the  g lacia l va lleys  w ere  co v e re d  with 
th ick  ice shee ts ,  the  ad v an c in g  g lac ie rs  e n g u lfe d  
severa l v il lages  a t the foo t-h i lls  o t  the A lps  
m oun ta in  cha ins ,  severa l lakes and r ivers  w ere  
f rozen , w hich  are  p resen tly  u n fro zen  etc. for 
ex am p le ,  the T h a m e s  r iv e r  o f  E n g la n d  w as frozen
4 tim es  in the  16th cen tu ry ,  8 t im es  in the  17th 
cen tu ry , and  6 t im es  in the  18th cen tu ry .  T he  
h is to rical re c o rd s  an d  Ice lan d ic  sagas  very  m uch  
indicate  the severity  o f  c l im a te  in Ice land . E x trem e  
co ld  c o n d i t io n  led  to h u m a n  d ea th s  due  to severe  
fam ines .  I t m ay  be  m e n tio n e d  tha t g lacia l period  
(i.e. L itt le  Ice  A g e)  f rom  1450 to 1880 A .D . was not 
a lw ay s  c h a ra c te r iz e d  by co n t in u o u s  ex tre m e  cold 
c o n d i t io n  an d  a d v a n c in g  g lac ie rs  ra th e r  it was 
p u n c tu a te d  by  severa l co ld  and  w arm  in tervals . It is 
b e l iev ed  th a t  each  co ld  per iod  con t in u ed  at least for 
30  y e a r s  in e a c h  cen tu ry  (b e tw een  15th and 19th 
c e n tu r ie s )  an d  tw o  co ld  p e r io d s  w ere  separa ted  by 
r e la t iv e ly  w a rm  p e r io d .  T h e  co ld es t  per iod  c u lm i­
na ted  in the  y e a r  1816  w hen  m a jo r  parts  o f  northern  
E u ro p e  an d  the  U S A  d id  no t ex p e r ie n c e  su m m er 
seaso n .  T h e  y e a r '  1816  is k n o w n  as ‘the year  
without a summer’ in the  c l im a t ic  h is to ry , w h en  the 
g la c ie rs  b e c a m e  m o s t  a c t iv e  a f te r  P le is to c e n e  Ice 
A ge, th e re a f te r  c l im a te  b eg an  to im p ro v e  du e  to rise 
in te m p e ra tu re  and  by th e  en d  o f  19th c e n tu ry  the 
ice  a g e  w as  te rm in a te d .

T h e  r e c o rd s  o f  g lo b a l  t e m p e ra tu re s  s ince  
In d u s tr ia l  R e v o lu t io n  (1 8 6 0 )  d e n o te  s lo w  b u t 
i r re g a u la r  t r e n d  o f  r ise  o f  te m p e ra tu re  i.e. ra n g in g  
b e tw ee n  0 .3 °C  an d  0 .6°. F o l lo w in g  R .G . B a rry  and  
R .J. C h o r le y  (2 0 0 2 )  th e  p h a s e s  o f  r ise  in t e m p e r a ­
tu res  a f te r  1860  h a v e  b e e n  id e n t i f ie d  as fo l lo w s :

(i) H ig h ly  i r re g u la r  tren d  o f  r ise  in te m p e ra tu re  

ra n g in g  b e tw e e n  0 .2 °C  to 0 .4 °C  b e tw e e n  
1 8 6 0 -1 9 2 0  A .D .

(ii) C o n s is te n t  t ren d  o f  r ise  o f  t e m p e ra tu r e  o f  
m e a n  v a lu e  o f  0 .4 °C  b e tw e e n  1921 and  
1945.

(iii) O sc i l la t in g  t r e n d  o f  r ise  o f  tem perature 
b e tw een  194 6  and  1975 A .D . around  0.4®C 
T h e  n o r th e rn  h e m is p h e re  w as warmed 
w h ile  the  te m p e ra tu re  in the  southern 
h e m is p h e re  re m a in e d  m o re  o r less constant
i.e. n e i th e r  in c re a se  nor decrease .

(iv) O v era ll  w a rm in g  trend  c o n t in u e d  between 
1976 and  1989 A .D . w h en  tem perature  
reg is te re d  an u p w a rd  r ise  by 0.2°C .

(v) T h e  g lo b a l  r ise  o f  te m p e ra tu re  reach ed  its 
peak  in the  last d e c a d e  o f  2 0 th  cen tu ry  (i.e. 
1990s). S ix  ou t o f  seven  w a rm e s t  years  on 
reco rd  o c c u r re d  s in ce  1980 .

It m ay  be  s u m m a r is e d  th a t  o v e ra l l  inc rease  
in the su rface  air te m p e ra tu re  in th e  2 0 th  cen tu ry  
has been  a b o u t  0 .5°C  to 0 .7 °C  a g a in s t  an  av e ra g e  
rate  o f  in c rease  o f  0 .3 °C  per  1000 y e a r s  a t  g loba l 
level. A c c o rd in g  to a n o th e r  v iew  the  a v e ra g e  air 
te m p era tu re  in the  n o r th e rn  h e m is p h e re  in c re a se d  
by 0 .4°C  be tw een  1880 and  1940 b e c a u s e  o f  rap id  
rate o f  co m b u st io n  o f  fossil  fue ls  d u r in g  th is  p e r io d  
but the te m p e ra tu re  d ro p p e d  after. 1940 in sp i te  o f  
con tinued  rap id  ra te  o f  co m b u s t io n  o f  fo ss i l  fu e ls  
due  to fast industr ia l  g ro w th  b u t so o n  a f te r  1 940  a ir  
te m p era tu re  in the  so u th e rn  h e m is p h e re  s h o w e d  
ris ing  trend  w h ich  reg is te red  an o v e ra l l  in c re a s e  o f
0.6°C  b e tw ee n  1940  and  1960.

A n o th e r  so u rc e  has  in d ic a te d  an  in c re a s e  in 
air te m p e ra tu re  by  1.5°C u p to  1995 w h i le  o th e r  
so u rces  h a v e  sh o w n  g e n e ra l  a ir  t e m p e ra tu r e  rise  
ra n g in g  b e tw e e n  0 .3 °C  an d  0 .6 °C . I t  m a y  be 
m e n tio n e d  th a t  a r ise  o f  2°C  te m p e ra tu r e  f ro m  the 
no rm al te m p e ra tu re  w as  r e c o r d e d  in  the  Ind ian  
O cean  d u r in g  1 9 9 7 -9 8  w h ic h  c a u s e d  c a ta s t ro p h ic  
cora l b leach ing  le a d in g  to  7 0  p e r  c e n t  d e a th  o f  
co ra ls  in the  A n d m a n  N ic o b a r  a n d  L a k s h w a d e e p  
in lands .

V a r io u s  m o d e ls  h a v e  b e e n  d e v e lo p e d  to 
p red ic t  g lobal rise  in a ir  te m p era tu re .  S .H . Schneider 
(1 9 5 0 )  p o in te d  o u t  th a t  th e  te m p e ra tu r e  c o u ld  rise  
u p to  1.5°C to  3°C  i f  the  c o n c e n t r a t io n  o f  a tm o s ­
p h e r ic  c a rb o n  d io x id e  c o u ld  b e  d o u b le d  f ro m  the 
3 0 0  p p m  (by  v o lu m e )  leve l to  6 0 0  p p m . T h e  
G e n e ra l  C irc u la t io n  M o d e l  (G C M ) d e v e lo p e d  by  S- 
M a n a b e  a n d  R .T .  W e th e ra ld  (1 9 7 5 )  p re d ic ts  th a t  if 
th e  p r e s e n t  a m o u n t  o f  c a rb o n  d io x id e  (1 9 7 5  level)
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o f  tire a tm o sp h e re  is  d o u b led ,  the tem pera tu re  o f  
the e a r th 's  su rface  w il inc rease  by 2.9°C.

T h e  m a jo r  so u rces  and  p rocesses  o f  global 
w a n n in g ,  fo r  ex am p le ,  o zo n e  dep le t ion  and 
g reen h o u se  g ases ,  w ill  be d iscussed  in the 
su cceed ing  ch ap te r .

15.5 CAUSES AND THEORIES OF
CLIMATIC CHANGES

A s m e n t io n e d  e a r l ie r  c l im a tic  ch an g es  arc 
e ffected  by  c h a n g e s  in a tm o sp h e r ic  c ircu la tion  and 
in te rac t ions  a m o n g  f iv e  c o m p o n e n ts  o f  the earth- 
a tm o sp h e re  s y s te m ,  n am e ly  a tm o sp h ere ,  h y d ro ­
sphere . l i th o s p h e re ,  b io sp h e re ,  and c ryosphere  
(frozen  s u r fa c e  o f  th e  ea r th )  w h ere in  the am o u n t o f  
rece iv ed  s o la r  e n e rg y ,  an d  the p rocess  o f  d is tr ib u ­
tion. r e d is t r ib u t io n ,  an d  ab so rp t io n  o f  so lar  rad ian t 
energy  a t th e  e a r th  su rface  are  im portan t co n s id e ra ­
tions o f  the  s ta te  o f  c l im a te  o f  an area  in specific  
time p e r io d .  T h e  c a u s e s  fo r  such  in teractions  
lead ing  to  c l im a t ic  c h a n g e s  are  re la ted  to 
( l )  ou ts ide  sources ,  say  ex tra te r re s tr ia l  sources, 
and (2 )  in s ide  sources ,  say  e a th -a tm o sp h e re  system  
or t e r r e s t r ia l  sou rces

T h e  c a u s e s  a n d  th e o r ie s  o f  c l im atic  changes  
are v ie w e d  in  te rm s  o f  p e r io d ic i ty  o f  c lim atic  
changes  w h ic h  a re  g e n e ra l ly  o f  tw o  types,  nam ely
( l )  s h o r t - te rm  c lim a tic  changes, and  (2) long-term  
climatic ch an g e s .  S in c e  the  n a tu re  and  pa t te rn s  o f  
c lim atic  c h a n g e s  v a ry  te m p o ra l ly  and  h en ce  the 
causes o f  s u c h  c h a n g e s  a re  a lso  o f  var ied  nature . 
This is w h y  n o  s in g le  th e o ry  can  ex p la in  all types  
and p a t te rn s  o f  c l im a t ic  c h a n g e s  and  thus  w e have  
a host o f  c a u s e s  a n d  th e o r ie s  o f  c l im a t ic  ch an g e s .

S in ce  th e  In d u s t r ia l  R e v o lu t io n  ( 18 6 0  A .D .)  
the m a n ’s in c re a s e d  e c o n o m ic  a c t iv i t ie s  an d  the 
application  o f  a d v a n c e  te c h n o lo g ie s  a re  in t ro d u c ­
ing s ig n if ic a n t  m o d i f i c a t io n s  an d  c h a n g e s  in 
climatic c o n d i t io n s .  T h is  h a s  led  to  th e  e m e rg e n c e  
° f  a new  d im e n s io n  in  c l im a t ic  c h a n g e s  an d  an 
additional s o u rc e  th e re o f .  T h u s ,  the  s o u rc e s  o f  
c limatic c h a n g e s  m a y  b e  g r o u p e d  in th e  lo l lo w in g  
3 broad c a te g o r ie s  :

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

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

(1) Solar irrad iance (varia tion  in so la r  
radiation),

(2) Sunspo t cycles,

(3) A stronom ical theories  (eccen tr ic ity  o f  
ea r th ’s orbit, ob liquity  of  the eclip tic , p recession  o f  
the equ inoxes ,  ea r th -sun  re la t ionsh ip )  etc .,

(4) A tm ospheric  dus t hypo thes is  (m ain ly  
volcanic  e rup tions  and dusts  thereof)*

(5) C arbon  d iox ide  hypo thesis ,

(6) C ontinen ta l drift  and po le  w an d e r in g ,

(7) Tectonic and topograph ic  con tro l theory ,

(8) O cean ic  varia tion  hypo thes is ,

(9) E xtra  terrestria l bod ies  co l l is io n  th e o ry ,
and

(10) A n th ropogen ic  sources  (ch an g e s  in th e  
e a r th ’s surface and a tm ospheric  co m p o s i t io n ) .

Solar Irradiance Theory

Solar rad ia tive  fo rc ing  is co n s id e re d  to  be  a 
s ign if ican t fac to r  o f  c l im atic  changes .  I t  is 
im portan t to note  that there  are  f lu c tu a tio n s  in the  
energy  radia ted  from  the s u n ’s o u te r  su r fa c e  
(pho tosphere) .  It may also be  m en tio n ed  th a t  the  
am oun t o f  so lar energy  rece ived  at the  e a r th ’s 
su rface  de te rm ines  the na tu re  and  p a t te rn  o f  
energy  exch an g es  and a tm o sp h er ic  c i rc u la t io n s  
w hich  in turn d e te rm in e  te m p era tu re s  and  p re c ip i­
tation. T h e  am oun t o f  solar rad ian t  ene rgy  rece iv ed  
at the e a r th ’s su rface  is a lso  su b jec t  to c h a n g e s  du e  
to (i) changes  in the co m p o si t io n  o f  the a tm o sp h e re  
in te rm s o f  its t ranspa rancy  to in c o m in g  sh o r tw av e  
so lar  e lec tro m ag n e tic  rad ia tion  w aves ,  (2) ch an g e s  
in the  re la tive  d is tances  b e tw ee n  the  sun  an d  the  
ea r th ,  (3) the a m o u n t  o f  the e n e rg y  rad ia ted  f ro m  
the  e a r th ’s su rface ,  (4) ch an g e s  in the  su rface  
c o v e rs  o f  the e a r th ’s su rface  etc. T h e  v a r ia t io n s  in 
so lar  ir rad iance  are v iew ed  as (i) lon g - te rm  ch an g e ,  
and  (ii) as sh o r t- te rm  or p e r io d ic  c h a n g e  (i.e. 
s u n sp o ts  cy c les ) .

It is a common 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  o f  the  s u n ’s su rface  started  at the K itt Peak 
N ational O bserva to ry  in A rizona, U SA , from  1975. 
It is be lieved  tha t even  0.1 per  cen t d ecrease  in the 
average  annua l so lar  rad ia tion  fo r  a d eca d e  in 
con tinua tion  m ay in troduce  m easu rab le  c l im atic  
changes  in te rm s o f  changes  in te m p era tu re  and 
p rec ip ita tion . T he  reco rded  da ta  o f  s u n ’s surface  
tem pera tu re  rev ea led  a d rop  o f  te m p era tu re  by 
l l ° C  in Jan u ary ,  1977. I f  the so lar  rad ia t ion  d rops  
by even  on e  to tw o  per  cen t,  the te m p era tu re  at the 
ea r th ’s su rface  in the m idd le  and high la titudes m ay 
com e dow n and m ay cause  c lim atic  changes  s im ilar 
to L ittle  Ice A ge  w hich  occu rred  from  1450 to 1880
A.D. T h e  y ea r  1816 w as kn o w n  as the year  w ithout 
sum m er in the  U SA . T h e  c o m p u te r  m odel has 
fu r the r  rev ea led  th a t  the  d ro p  in so la r  rad ia tion  by 
2-3 p e r c e n t  fo r  50  years  in co n t in u a tio n  m ay cause  
reg en e ra tio n  o f  g lac ia t ion  and m ay reac tiva te  o lder 
g lac ie rs ,  an d  if  the  so lar  rad ia tion  decreases  by 5 
p e r  c e n t  or m o re ,  the  ea r th  m ay  e x p e r ien ce  new  ice 
age  an d  w id e sp re a d  g lac ia t ion .

T h e  e x p a n s io n  and  con trac tion  o f  the core o f  
the  sun  has  been  acc ep ted  by a few  scientis ts  as 
b as ic  c a u se  o f  ch a n g e s  in the am o u n t o f  energy  
r a d ia te d  f ro m  th e  o u te r  su rface  o f  the sun. 
A c c o rd in g  to  E. J. O p ik  the co re  o f  the sun expands  
a f te r  lo n g  in te rv a ls .  T h e  sun c o n su m es  a portion  o f  
its e n e rg y  to  e x p a n d  its o u te r  su rface  to co p e  with 
th e  e x p a n s io n  o f  its core .  In such  c i rc u m s tan c e  the 
r a d ia n t  s o la r  e n e rg y  d e c re ase s  because  o f  c o n ­
s u m p t io n  o f  su b s ta n t ia l  p o r t io n  o f  so lar  ene rgy  by 
th e  su n  i tse lf .  T h e  d e c re a se  in so lar  rad ia tion  
r e s u l t s  in lo w e r in g  o f  a tm o sp h e r ic  te m p era tu re  o f  
th e  e a r th  a n d  c o n s e q u e n t ly  coo l p h ase  o f  c l im a te  is 
in t ro d u c e d ,  w h ic h  c a u se s  ice  age. C o n v e rse ly ,  
w h e n  th e  c o r e  o f  th e  sun  c o n tra c ts ,  the in terna l 
consumption of s o la r  e n e rg y  is r e m a rk a b ly  r e ­
duced. C o n s e q u e n t ly ,  the  so la r  rad ia t io n  inc reases ,  
which re s u l t s  in th e  in c re a s e  o f  te m p e ra tu re  o f  the 
earth’s s u r fa c e ,  te rm in a t io n  o f  g la c ia l  p e r io d  and  
b e g in n in g  of in te rg la c ia l  p e r io d .

Simpson Theory

Contrary to the general view of the warming 
of the earth’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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ch an g es  in 1938 A .D . A cco rd in g  to  Simpson 
du r in g  the p e r io d  o f  m o d e ra te  inc rease  in solar 
ir rad iance ,  the  m id d le  and  h igh  la titudes  will 
ex p e r ien c re  ex ten s io n  in g lac ie rs  and  their ad­
vances  w h ile  d e c re a se  in so la r  rad ia tion  and 
re su ltan t  d e c re a se  in air te m p e ra tu e  w ould  cause 
m e lting  o f  ice shee ts  and  g lac ie rs  and their  retreat, 
resu lt ing  in to  o n se t  o f  in terg lac ia l period . S impson 
p ro p o u n d e d  the c o n c e p t  o f  cy c l ic  pattern  of 
increase  and d ec re ase  in so la r  rad ia tion .  According  
to h im  the a tm o sp h e r ic  te m p e ra tu re  inc reases  with 
inc rease  in so la r  rad ia t io n .  T h e  in c re a se  in a tm os­
pheric  te m p e ra tu re  cau ses  in c re a se  in evapo ra tion  
and c loud iness ,  s trong  m erid io n a l  a ir  c ircu la t ion  
and increased  p rec ip ita tion  in h ig h e r  la titudes .  T he  
prec ip ita tion  in h ig h e r  la ti tudes  is in the  fo rm  of 
snow fall w hich  a l low s m o re  a c c u m u la t io n  o f  ice 
and ex tension  o f  ice sheets and g laciers .  T h e  greater 
c loud iness  du r in g  su m m e r  season  p ro h ib i ts  m e l t ­
ing o f  accum ula ted  snow  and ice ra th e r  p ro te c ts  the 
ice cover. On the  o the r  hand ,  d u r in g  the  p h a s e  o f  
decrease  in so lar  rad ia t io n ,  the a tm o s p h e r ic  te m ­
pera tu re  d ecreases ,  m erid io n a l  a ir  c i rc u la t io n  is 
w eakened , ev ap o ra tio n  and  p rec ip i ta t io n  r e m a r k ­
ably decreases  in h igh  la ti tudes ,  m e lt in g  o f  ic e  
sheets causes  the ir  re trea t.  ‘T h u s ,  p a ra d o x ic a l ly  a 
low ering  o f  m ean  a tm o sp h e r ic  te m p e ra tu re  m ig h t  
cause  a recess ion  o f  ice shee ts ,  w h e re a s  t e m p e r a ­
ture increase w ould  lead to the ir  advance .  A lth o u g h  
the S im pson  th eo ry  ap p ea rs  no t to  fit  re c e n t  
in s trum en ta l e v id e n c e ,  it is a w a rn in g  a g a in s t  
overs im plif ied  e x p lan a t io n s  o f  c o m p le x  p ro c e sse s ’ 
(H.J. C r i tch f ie ld ,  200 2 ) .

Sunspot Theory

T h e  su n sp o t  ac t iv i ty  h as  b e e n  re la ted  to 
v a r ia t io n s  in so la r  ir ra d ia n c e .  T h e  in c re a se d  sun­
spo t ac t iv ity  ( in c re a se  in th e  n u m b e r  o f  sunspo ts)  
cau ses  w a rm in g  o f  th e  e a r t h ’s su r fa c e  and  its 
a tm o s p h e re  w h e re a s  d e c re a s e d  su n sp o t  activ ity  
(d ec re a se  in th e  n u m b e r  o f  s u n sp o ts )  causes 
lo w er in g  o f  a tm o s p h e r ic  te m p e ra tu re .  S u n sp o ts  are 
d a rk e r  an d  c o o le r  a re a s  in  th e  p h o to s p h e re  ofthe 
sun. T h e  in c re a s e d  su n sp o t  a c t iv i ty  m e a n s  increase 

cin th e  n u m b e r  o f  s u n sp o ts  w h i le  d e c re a s e d  su n sp o t 
ac t iv i ty  is r e la te d  to  d e c r e a s e  in  th e  n u m b e r  of 
su n sp o ts .  T h e  s tu d y  o f  s u n s p o t  a c t iv i ty  fo r  the last 
2 0 0  y e a rs  has  r e v e a le d  c y c l ic  p a t te rn  of inc rease  
an d  d e c re a se  in  s u n s p o t  activity. O n  a n  average, 1 *



years cy c le  h as  b een  a c c e p te d  w h e re  a s  the  p e r io d  o f  
o n e .  c y c le  m a y  b e  a s  s h o r t  a s  8 -9  y e a r s  a n d  as  long  
as 16 y ea rs .  C e r ta in  s u b c y c le s  o f  s u n s p o t  a c t iv i ty  at 
longer p e r io d  h a v e  a l s o  b e e n  p o s tu la te d  e .g .  35 
years c y c le ,  8 0  y e a r s  c y c l e  e tc .  It h a s  been  
es t im a ted  th a t  th e  o u tp u t  o f  u l t r a v io l e t  r a d ia t io n  
from th e  s u n 's  s u r f a c e  a t  th e  t im e  o f  maximum 
su nspo t a c t iv i ty  ( m a x i m u m  n u m b e r  o f  s u n s p o t s )  is 
20 t im e s  m o r e  th a n  d u r i n g  th e  p e r io d  o f  m in im u m  
su n sp o t  a c t iv i ty .  T h e  p r o lo n g e d  p e r io d  o f  m in i ­
m um  s u n s p o t  a c t iv i t y ,  c a l l e d  as  M a u n d e r  M in i­
mum , is s u p p o s e d  to  i n t r o d u c e  c o o l in g  o f  the  
earth  s s u r f a c e  a n d  its  a t m o s p h e r e ,  w h e re a s  the  
p ro lo n g e d  p e r io d  o f  m a x i m u m  s u n s p o t  ac t iv i ty  
may c a u s e  w a r m in g .  I t  m a y  b e  m e n t io n e d  tha t 
p e r fe c t  c o r r e l a t i o n  b e t w e e n  s u n s p o t  a c t iv i ty  and  
a tm o s p h e r ic  t e m p e r a t u r e  h a s  n o t  b e e n  s u b s ta n t i ­
ated. I t m a y  b e  th a t  p e r io d i c  f lu c tu a t io n s  in s u n s p o t  
cycles  m a y  i n t r o d u c e  s o m e  s o r t  o f  w e a th e r  c h a n g e s  
at s h o r te r  t e m p o r a l  s c a le .  ‘R e p e a te d  s tu d ie s  try ing  
to c o r r e l a te  r a in f a l l  w i th  th e  f lu c tu a t io n  in su n sp o t  
cyc les  h a v e  n o t  y e t  p r o d u c e d  s ta t i s t ic a l ly  s ig n i f i ­
cant r e s u l t s ’ ( O l i v e r  a n d  H id o r e ,  2 0 0 3 ).

Atmospheric Dust Hypothesis

T h e  a t m o s p h e r i c  s o l id  p a r t i c u la te  m a tte rs  
in c lu d e d u s t  p a r t i c l e s ,  s a l t  p a r t i c le s ,  p o l le n ,  s m o k e  
and s o o t ,  v o l c a n i c  d u s t s  a n d  a s h e s  e tc .  M o s t  o i the 
solid p a r t i c l e s  a r e  k e p t  in s u s p e n s io n  in the 
a tm o s p h e re .  I t  is  an  e s t a b l i s h e d  fac t  th a t  th e se  so lid  
p a r t ic u la te  m a t t e r s  ( S P M )  p re s e n t  in the  a tm o s ­
phere r e d u c e  t h e  a m o u n t  o f  s o la r  r a d ia n t  e n e rg y  
reac h in g  th e  e a r t h ’s s u r f a c e  b y  s c a t t e r in g ,  r e f le c ­
tion an d  a b s o r p t i o n  o f  i n c o m in g  s h o r tw a v e  e le c t ro ­
m agne tic  s o l a r  r a d i a t i o n .  A b o u t  23  p e r  c e n t  o f  
in c o m in g  s o l a r  r a d i a t i o n  is s c a t t e r e d  by d u s t  
par tic le s  a n d  h a z e ,  o f  w h ic h  6 p e r  c e n t  e n e r g y  is 
sent b a c k  to  th e  s p a c e  w h i le  17 p e r  c e n t  e n e rg y  
reaches  th e  e a r t h ’s s u r f a c e  a s  d i f f u s e  d a y  l ig h t ,  o f  
course  m u c h  la te r .  T h e  s c a t t e r in g  o f  in c o m in g  
solar r a d ia t io n  w a v e s  b y  d u s t  p a r t i c l e s  w h e n  the  
d iam ete r  o f  s u c h  p a r t i c l e s  is lo n g e r  th a n  the  
w a v e le n g th s  o f  i n c o m i n g  s o l a r  r a d ia t io n  w a v e s ,  is 
called d i f f u s e  r e f l e c t i o n  w h ic h  s e n d s  s o m e  p o r t io n  
° f  in c o m in g  s o la r  e n e r g y  b a c k  to  s p a c e  w h i le  s o m e  
portion r e m a in s  in  th e  l o w e r  a t m o s p h e r e .

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- 
tu re  of the e a r t h ’s surface at its lower atmosphere 
r e m a rk a b ly  an d  in tro d u ces  fluctuations in weather 
and  c l im a t ic  c o n d i t io n s  a t leas t  at s h o r te r  temporal 
sca le .  It m a y  be re m e m b e re d  that th e  stratospheric 
te m p e ra tu re  in c re a se s  at th e  t im e  of greater 
v o lc an ic  ac t iv i ty  b e c a u se  m o s t  o f  the scattered, 
re f lec ted  and  ab so rb ed  en e rg y  re m a in  there ,  but the 
te m p e ra tu re  o f  the  lo w er  t ro p o s p h e re  and the 
e a r th ’s su r face  d ro p s  s ig n if ic a n t ly ,  and  it is the 
te m p e ra tu re  o f  the lo w er  a tm o s p h e re  th a t  c o n tro ls  
w e a th e r  and  c l im a te  at the  e a r t h ’s su rface .  This 
c o ro l la ry  m ay be su b s ta n t ia te d  w ith  a few  
e x a m p le s  o f  v o lcan ic  e ru p t io n s  and  re s u l ta n t  
c o o l in g  o f  the e a r th ’s su r face  and  its a tm o s p h e re .

( I )  T h ere  was an n ih i la t in g  v io len t  e x p lo ­
sive e ru p tio n  o f  a vo lcano  on 27 A u g u s t ,  1883 in 
K raka toa  island located in the S u n d a  S tra it b e tw een  
J av a  and  S u m a tra  in the E as t  Ind ies .  T h e  p o w e rfu l  
v o lcan ic  b last was 9 T N T  e q u iv a le n t  o f  a b o u t  100 
m illion  tons  ( 2 x  10 11 po u n d s) .  N e a r ly  2 0  c u b ic  
k ilom eters  (som e sources  put it 53 cub ic  k i lo m e te rs ) 
o f  f rag m en ta l  m a te ria ls ,  a shes  and  d u s ts  w ere  
th row n  in the air  up to  32 k i lo m e te rs  in the  
a tm o sp h e re  (up to  m id d le  o f  s t ra to sp h e re ) ,  w h ich  
w ere la ter on d is tribu ted , due  to the ir  fall, on an  a rea  
o f  7 0 0 ,0 0 0  sq u are  k ilom ete rs .  T h e  f ine  dus ts  w e re  
e jec ted  upto  32 k ilom eters  in the  a tm o sp h ere  w h ich  
p ro d u c e d  g loba l dec rease  in so la r  rad ia tio n  re ­
ce ived  at the e a r th ’s surface by 10-20 p e rc e n t ,  there 
w as to tal d a rk n ess  in the sky b eca u se  the d u s ts  and  
ashes  b lo tted  ou t the sun for several days ,  the e f fec t  
o f  total d a rk n e ss  was observed  up to  the d is ta n c e  o f  
150 k i lo m e te rs  from  the cen te r  o f  e ru p tio n .  T h e  
e jec tio n  o f  fine dus ts  and ashes  in the s tra to sp h e re  
and  th e ir  c i rc u la t io n  and d r if t in g  a ro u n d  the earth  
by u p p e r  a ir  a tm o sp h e r ic  c i rc u la t io n  p ro d u ced  
b r i l l ia n t  red su n se ts  for severa l y^ars .  T h e  red u ce d  
so la r  rad ia t io n  rece iv ed  on the ea r th  s s u r face  and  
re su l ta n t  d ro p  in te m p era tu re  m a tc h e s  w ith  co ld  
y ea rs  from  1884 to 1886.

(2 )  T h e  v io len t e ru p tio n  o f  Mt. A so m a  in 
1783 in J a p a n  is c o r re la te d  w ith s e v e re  c o ld  years  
o f  1784, 1785 and  1786. T h e  e x c e p t io n a l ly  co ld  
y e a r  o f  1816! A .D .,  k n o w n  as a  y ea r  w ithou t 
su m m e r  in Ihc climatic history of the world, 
followed the famous explosive eruption of Mt. 
Tamboro in Dutch Eastlndes in the year 1 8 1 5 .T h e
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v o lu m e  o f  d u s ts  e jec ted  f ro m  the  v io len t e ru p tio n  
o f  th is  vo lcano  w as so  en o rm o u s  that th ick  dust veil 
co v e re d  the  sun  re su lt in g  in to  co m p le te  d a rk n ess  
fo r  3 d ay s  in co n t in u a t io n ,  w hich  ex ten d ed  up to  a 
d is ta n ce  o f  5 0 0  k ilom ete rs  f rom  the ce n te r  of 
eruption.

(3) T h e  e x p lo s iv e  e ru p tio n  o f  M t. K atm ai in 
1912 in A la sk a  (U S A ) e jec ted  ab o u t 21 cub ic  
k i lo m ete rs  o f  v o lcan ic  m a te r ia ls  and  dus ts  in the 
a tm o sp h e re  re su lt in g  in to  20 p e r  c e n t  red u c t io n  in 
the  am o u n t  o f  so lar  rad ia tion  rece iv ed  at the  earth 's  
su rface . A b o u t  2 p e rce n t  d ro p  in so la r  rad ia t io n  
w as no ted  a t the  M a u n a  L o a  O b se rv a to ry  in 
H aw aii  at the  t im e  o f  the  e ru p t io n  o f  M t A g u n g  in 
Bali in the  y e a r  1963.

C o n tra ry  to the  gen era l  b e l ie f  o f  co rre la t ion  
b e tw een  m a jo r  v o lc a n ic  e ru p t io n s  and low ering  o f  
te m p e ra tu re s ,  th e  e m p ir ic a l  s tud ies  o f  a few  recen t 
v o lc a n ic  e ru p t io n s  such  as El C h ic h o n  e ru p tio n  o f  
1982 in M e x ic o ,  M t. St. H e lens  e rup tion  o f  1980 
(U S A ) a few  e a r l ie r  e x p lo s iv e  e ru p tio n s  such as 
M o u n t  C o s e q u in a  e ru p t io n  o f  1835 in N ica rag u a  
s h o w  no  su c h  c o r re la t io n .  It m ay  be m en tio n ed  that 
the  im p a c t  o f  v o lc a n ic  e ru p t io n s  in lo w er in g  the 
te m p e ra tu re  d e p e n d s  on  a v ar ie ty  o f  factors, 
n u m e ly  the  p en e t ra t io n  o f  the  s t ra to sp h e re  by 
e je c te d  v o lc a n ic  d u s ts  an d  gases ,  the  v o lu m e  o f  
s u lp h u r  d io x id e ,  the  a m o u n t  o f  dus ts  etc. I f  the 
e ru p t io n  is very  e x p lo s iv e  and  p o w e rfu l ,  the 
v o lu m e  o f  e jec te d  su lp h u r  d io x id e  is very  large , and 
th e  a m o u n ts  o f  d u s ts  are  very  h igh , d e f in i te ly  these  
m a te r ia ls  w ill  re a c h  the  s t ra to sp h e re  and  will 
r e d u c e  th e  te m p e ra tu re  at the  earth  ’ s su rface  and  its 
a tm o s p h e re .  T h e  e je c te d  s u lp h u r  d io x id e  gas  a fte r  
c o m b in in g  w ith  a tm o s p h e r ic  w a te r  v a p o u r  fo rm s  
t in y  d ro p le t s  o f  s u lp lu r ic  ac ids .  T h e s e  tiny  s u lp h u ­
r ic  a c id  d ro p le t s  re m a in  in the  a tm o sp h e re  fo r  
lo n g e r  p e r io d  an d  re f le c t  s iz e a b le  p o r t io n  o f  
in c o m in g  s o la r  r a d ia t io n  an d  thus  the  a m o u n t  o f  
s o la r  r a d ia t io n  r e c e iv e d  at the  e a r t h ’s s u r fa c e  is 
r e m a r k a b ly  r e d u c e d  re s u l t in g  in to  the  lo w e r in g  o f  
e a r t h ’s s u r fa c e  te m p e ra tu re .

R e c e n t ly ,  tw o  indices re la ted  to v o lc a n ic  
e r u p t io n  a n d  its  im p a c t  on  c l im a te  c h a n g e ,  n am e ly
(1 )  Volcanic Explosive Index (V E I)  and  (2 )  Dust 
Veil Index (D V I) ,  h a v e  b e e n  p re p a re d .  I t  is a rg u e d  
th a t  h ig h  V E I  w o u ld  in d ic a te  p o w e r fu l  an d

e ffec t iv e  p en e tra t io n  o f  the s tra to sphere  by vol­
can ic  dus ts  and  gases  and  the reby  w ould  cause 
low er in g  o f  te m p era tu re .  S im ila r ly ,  high DVl 
w ou ld  be in d ica t iv e  o f  red u c t io n  in so lar  radiation 
rece ived  at the e a r th ’s su rface  and  consequen t drop 
in te m p era tu re .  It m ay  be m en tio n ed  tha t resident 
per iod  o f  v o lc a n ic  d u s ts  and  gases  is very 
im p o r tan t  fac to r  fo r  g lac ia l  c l im a te .  I f  the  resident 
per iod  o f  v o lc an ic  m a te r ia ls  is fo r  lo n g e r  duration
i.e. i f  the  v o lc an ic  m a te r ia ls  rem a in  in the 
a tm o sp h e re  fo r  lo n g e r  p e r io d ,  the  re su l ta n t  low er­
ing o f  te m p e ra tu re  m ay  in i t ia te  g la c ia l  period . On 
the o th e r  hand , sh o r t - te rm  re s id e n t  per iod  would 
cau se  only  loca l e f fec ts  on w e a th e r  and  clim ate.

Carbon Dioxide Theory

It is im p o r tan t  to no te  tha t it is the  rece ip t  of 
solar energy  at the  e a r th ’s su rface  and  ab so rp tion  of 
incom ing  so lar  rad ia tio n  and  o u tg o in g  te rres tr ia l  
rad ia tion  by the  a tm o s p h e re  w h ich  has  s ig n if ic a n t  
con tro l on w ea th e r  and c l im a te ,  an d  the  a m o u n t  o f  
energy  rece ived  at the  e a r th ’s s u r fa c e  d e p e n d s  on
( 1) ch an g es  in the co m p o s i t io n  o f  the  a tm o s p h e re ,
(2) changes  in the  tran sp a re n cy  o f  the  a tm o s p h e re ,
(3) m o d if ica t io n  o f  en e rg y  in the  t ra n s i t  ( i.e . 
f low ing  th ro u g h  the  a tm o sp h e re )  e tc . T h e  c h a n g e s  
in the g aseous  c o m p o s i t io n  o f  th e  a tm o s p h e re  are  
effected  by both  natura l and a n th ro p o g e n ic  sources .  
T h e  in c rease  o f  re la t iv e  p ro p o r t io n  o f  g re e n h o u s e  
gases  (e.g . c a rb o n  d io x id e ,  m e th a n e ,  n i t ro g en  
ox ides  e tc .)  in g en e ra l  and  c a rb o n  d io x id e  in 
p a r t icu la r  c a u se s  g lo b a l  w a rm in g  an d  in i t ia tes  
w arm  c l im a te  w h ile  d e c re a se  in th e ir  re la tive  
p e rc e n ta g e  c a u se s  g lo b a l  c o o l in g  an d  h e lp s  in 
in i t ia t in g  co ld  c l im a te  if  o th e r  fa c to rs  rem ain  
co n s tan t .  T h u s ,  th e  c a rb o n  d io x id e  th e o ry  states 
tha t in c re a se  an d  d e c re a s e  in te m p e ra tu re s  o f  the 
e a r t h ’s su r fa c e  an d  its a tm o s p h e re  is e f fe c te d  by 
i n c re a se  and  d e c re a s e  o f  its ( C 0 2) r e la t iv e  p ercen t­
age  in the  g a s e o u s  c o m p o s i t io n  o f  th e  atmosphere 
resp ec t iv e ly .

It m ay  be  r e m e m b e re d  tha t the  in c rease  of 
e a r t h ’s te m p e ra tu r e  by a b s o r b in g  o u tg o in g  te rres­
trial in f ra re d  ra d ia t io n  by c e r ta in  g ases  (m ainly  
c a rb o n  d io x id e )  is c a l le d  g reenhouse  phase  o f  the 
a tm o s p h e re  w h e re a s  icehouse phase  re fe rs  to 
lo w e r in g  o f  e a r t h ’s te m p e ra tu re  le a d in g  to  beg in­
n in g  o f  g la c ia l  p e r io d .  T h e  greenhouse effect
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means ‘progressive w arm ing-up o f  the ea r th ’s 
surface due to the blanketing effect o f  man-m ade 
carbon d ioxide  in the atm osphere ' (Oxford 
D ictionary). ‘In a green house, visible sunlight 
passes through the glass and heats up the soil 
w arm ing the plants. The warm soils emit radiation 
in longer w aveleng ths  particularly  in the infrared 
band. B ecause  the glass is opaque to these 
w avelengths  (long  w avelengths  of infrared rad ia­
tion waves), it absorbs and reflects (reradiates back 
to the soils)  the infrared  (rad ia tion )’ (D.B. Botkin 
and E .A . K eller , 1982). This m echanism  keeps'the 
g reenhouse  w arm er  than the outside environment. 
In n u tsh e l l  i tm a y  besu m m arized  that a greenhouse 
is a body  w hich  a llow s the shortw ave incoming 
solar rad ia t ion  to com e in but does not allow the 
longw ave  o u tg o in g  terrestrial infrared radiation to 
escape. C arbon  d iox ide  and water vapour act as 
g reenhouse-in  tha t these allow  visible sunlight to 
reach the su rface  o f th e  earth  but absorb and reflect 
back ( re rad ia te )  the longw ave  outgoing  terrestrial 
radiation m a in ly  in frared  radia tion (back to the 
earth ’s su rface)  and  thus help in keeping the earth’s 
surface wafTner.

T he  m o s t  s ign if ican t greenhouse gas is 
carbon d io x id e  w hich  is released to the atmosphere 
by b u rn ing  o f  fossil fuels  (coal, mineral oil and 
natural gas)  fo r  d if fe ren t purposes  in various ways, 
burning o f  f i re w o o d s  etc. D eforesta t ion  also helps 
in inc reas ing  the  co n cen tra t io n  of carbon dioxide 
in the a tm o sp h e re .  T he  p re-industria l level of 
a tm ospheric  c o n te n t  o f  carbon  d ioxide  was fixed at 
280-290 p p m v  (p a r t  pe r  m illion  by volum e) or
0.028 per cen t to 0 .029  per  cen t (the base year o f  the 
beginning o f  in d u s tr ia l  rev o ltu io n  in 1 $60A .D .) It 
is also im p o r tan t  to no te  that there  are certain  
natural p ro cesses  and  so u rces  w h ich  regu la te  the 
atm ospheric co n c e n tra t io n  o f  carbon  d ioxide , 
namely vege ta t ion  co v e rs  and oceans  are m ajor 
sinks( abso rb e rs  and  u sers )  o f  a tm o sp h er ic  carbon  
dioxide. D e fo res ta t io n  and  b u rn ing  o f  forests  for 
shilfting cu l tiva t ion  re m a rk a b ly  reduces  the use of 
carbon d iox ide  by veg e ta t io n  co v ers  and hence  
helps in inc reas ing  the c o n ce n tra t io n  o f  ca rbon  
dioxide in the  a tm o sp h ere .

The a tm o sp h e r ic  c o n ten t  o f  ca rbon  d iox ide  
increased from  the  p re - in d u s tr ia l  level of 2 8 0 -2 9 0  
ppmv to 350-360  pp m v  d u r in g  1998, reg is te r ing  an

overall increase by 25 per cent from the pre­
industrial level. It is believed that the rate o f  
increase o f  atmospheric carbon dioxide through 
anthropogenic sources will be accelerated due to 
uricheked industrial developm ent and increasing 
urbanization worldover.

Different models have been developed to 
reveal the relationships between the increase in the 
concentration of atmospheric 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 o f  various 
climatic models dealing with the predic tions in the 
change of thermal conditions o f  the a tm osphere  
and the earth’s surface resulting from the increased 
content of atmospheric carbon dioxide conc luded  
that the temperature could rise upto 1.5C-3.0°C if 
the concentration of atmospheric carbon d ioxide  
could be doubled from 300 ppmv level to 600 
ppmv. He further predicts that increased tem p era ­
ture would cause increase in evapora tion  and 
cloudiness which would reduce incom ing solar 
radiation (because o f  increased albedo i.e. more 
clouds would reflect more solar radiation back to 
space). Thus, the reduced solar radiation reaching  
the ea r th ’s surface would counteract the w arm ing  
o f  the ea r th ’s surface. It is obvious that such 
feedback m echanism s negate the im pact o f  g reen ­
house effect o f  increased atm ospheric  carbon 
dioxide and the whole process o f  the heating  or 
cooling o f  the lower atm osphere and the e a r th ’s 
surface becom es highly com plica ted . A nother 
model envisages cooling o f  the e a r th ’s surface due 
to enorm ous  increase in the a tm ospheric  carbon 
dioxide.

(2)t General C irculation Model ( G C M ) : T he  
genera l circu lation  model by S. M an ab e  and R.T. 
W ethera ld  (1975) predic ts  that if p resen t am oun t 
(1975 level) o f  carbon d ioxide  o f  the a tm osphere  is 
doubled , the tem peratu re  o f  the ea r th ’s su rface  will 
increase  by 2 .9°C  and there will be 7 per  cen t 
increase  in the activ ity  o f  hydro log ica l cy c le  but 
there  will not be any feedback  and thus  there  will



n o t be  e i th e r  in c re a se  o r  d e c re a se  in the  am o u n t  o f  
c lo u d in e ss  as p re d ic te d  by  S. H. S hne ide r .  In o the r  
w ords ,  the  in c re a se  in su rface  te m p era tu re  caused  
by  in c re a se  in the  a tm o sp h e r ic  ca rb o n  d io x id e  will 
no t be  n eg a ted  by fe ed b a ck  m e ch an ism  and hence  
in c reased  g re e n h o u se  e f fec t  w ou ld  cer ta in ly  in tro ­
d u c e  c l im a te  c h a n g e  (w a rm in g  o f  the  e a r th ’s 
su r fa c e  and  its lo w e r  a tm o sp h ere ) .

(3) A tm ospheric-O ceanic  G eneral C ircu la­
tion M odel (A O G CM ) : As per  the rep o r t  o f  the 
In te rgovernm en ta l Panel on C lim ate  C hange  (IPCC,
2001) i f  the  co n c e n tra t io n  o f  a tm o sp h e r ic  C 0 2 
in c reases  to 5 4 0 -9 7 0  p p m v  by the end o f  the 21st 
c e n tu ry ,  th e  a v e ra g e  su r fa c e  air te m p e ra tu re  at 
g lo b a l  leve l w o u ld  re g is te r  an in c rease  b e tw een  
1°C to 5 .8 °C . T h is  in c re a se  in av e rag e  air 
te m p e ra tu re  has  b een  e s t im a ted  in re la tion  to 
a v e ra g e  a ir  te m p e ra tu re  d u r in g  19 9 0 -2 0 0 0  A.D.

T h e  tre n d s  o f  p ro b a b le  fu tu re  c l im atic  
c h a n g e  d u e  to in c re a s e  in av e ra g e  su rface  air 
te m p e ra tu r e  at g lo b a l  leve l hav e  been  es t im a ted  on 
th e  b a s is  o f  in c re a se  in the  c o n ce n tra t io n  o f  
g r e e n h o u s e  g a se s  in the  a tm o s p h e re  in fu tu re .

It h a s  b een  e s t im a ted  tha t the overall 
in c re a s e  in s u r f a c e  te m p e ra tu re  o v e r  the  pas t one 
h u n d re d  y e a r s  (u p to  2 0 0 0  A .D .)  has been  about
0 .5 °C  to 0 .7 °C . A c c o rd in g  to a n o th e r  v iew  the 
a v e ra g e  a ir  te m p e ra tu re  in the  no r th e rn  hem isp h ere  
in c re a s e d  b y  0 .4 °C  b e tw e e n  1880 and  1940 because  
o f  r a p id  r a te  o f  c o m b u s t io n  o f  fossi l  fue ls  d u r in g  
th a t  lo n g  p e r io d  b u t  th e  te m p e ra tu re  d ro p p e d  afte r  
1 9 5 0  in s p i t e  o f  c o n t in u e d  rap id  ra te  o f  c o m b u s t io n  
o f  fo s s i l  f u e ls  d u e  to fa s t  in d u s tr ia l  d e v e lo p m e n t  
a f te r  1 9 60 .  T h e  a i r  te m p e ra tu r e  in the  so u th e rn  
h e m is p h e r e  s h o w e d  r is in g  t ren d  w h ich  re g is te re d  
an  o v e ra l l  i n c r e a s e  o f  0 .6 °C  b e tw e e n  1940  and  
19 60 . I t  is e v i d e n t  th a t  th o u g h  th e re  is m a x im u m  
c o n s u m p t io n  o f  fo ss i l  fu e ls  in the  n o r th e rn  
h e m is p h e r e  a n d  c o n s e q u e n t  in c re a se  in the  c o n c e n ­
t r a t io n  o f  a tm o s p h e r i c  c a rb o n  d io x id e  b u t  th e  air  
t e m p e r a t u r e  d r o p p e d  w h e re a s  th e re  is m in im u m  
c o n s u m p t i o n  o f  fo s s i l  fu e ls  in the  s o u th e rn  
h e m is p h e r e  b u t  a i r  t e m p e r a t u r e  in c re a s e d .  It d o es  
n o t  m e a n  th a t  th e re  is no  d i r e c t  im p a c t  o f  in c re a s in g  
c a r b o n  d io x i d e  o n  a i r  t e m p e r a tu r e  r a th e r  so m e  
o t h e r  f a c to r s  m i g h t  h a v e  d o m in a te d  o v e r  th e  f a c to r  
o f  g r e e n h o u s e  e f f e c t .  I t  is o p in e d  th a t  la rg e  a m o u n t

366

o f  vo lcan ic  dus ts  th ro w n  in to  the atmospher 
th ro u g h  the  e ru p tio n s  o f  H eck la  (Iceland) in 1947s 
M t. S p u rr  (A laska ,  U SA ) in 1953, A gung  (Bali)in 
1963, M o u n t  Taal (P h ilipp in se)  in 1965, May0n 
and  F e rn an d in a  in 1968 etc. m igh t have reduced air 
te m p era tu re  in the  no r th e rn  h em isp h ere  between 
1940 and  1970. v,‘

In sp ite  o f  c o n tra s t in g  o p in ions  about the 
im p ac t  o f  in c reas in g  co n ce n tra t io n  o f  atmospheric 
ca rb o n  d io x id e  du e  to g ree n h o u se  effec t on air 
te m p era tu re  it m ay  be  c o n c lu s iv e ly  op ined  that 
the re  is de f in i te  p o s i t iv e  e f fe c t  o f  increased 
g reenhouse  effect due  to inc reased  concentra tion  of 
ca rbon  d iox ide  in the  a tm o sp h ere .  T h e  increase  in 
tem pera tu re  in troduces  several ch an g e s  in climatic 
cond it ions  at local,  reg io n a l ,  and  g loba l levels  as 
fallows:

(1) A cco rd in g  to A .B . P i t to c k  (1 972 )  the 
change  in g lobal m ean  te m p e ra tu re  b y  a few 
degrees  ce lc ious  caused  by g re e n h o u s e  effect 
w ould  greatly  c h a n g e  c lim ate .

(2) Increased  te m p era tu re  d u e  to in c re a sed  
g reenhouse  effec t w ould  cause  d ec re ase  in p re c ip i­
ta tion and  soil m o is tu re  con ten t.

(3) In case  o f  g lobal w a rm in g  o cea n s  w o u ld  
be required  to absorb m ore  and m ore  carbondiox ide , 
this will ra ise  n o rm al level o f  ac id ity  o f  the  oceans, 
w hich  w ou ld  d e c re a se  b io lo g ica l  ac t iv ity  in  the 
ocean s  and o cea n ic  p la n t  co v er ,  w h ich  u ltim ate ly  
w o u ld  a lter the  a lb ed o  o f  o cea n  su rface .

(4) It m ay  be  p o ss ib le  that the ca rb o n  dioxide 
c o n c e n tra t io n  in the  a tm o s p h e re  m a y  in c rease  to 
such  an ex ten t  tha t the  to ta l a tm o sp h e r ic  pressure 
w o u ld  inc rease .  S u ch  in c re a se  in a tm ospheric  
p re s su re  w o u ld  b ro a d e n  the  ab so rp t io n  bands  and 
in c re a se  the o p a c i ty  o f  the  a tm o sp h e re  to the 
o u tg o in g  te rre s t r ia l  ra d ia t io n  w h ich  w o u ld  in turn 
in c re a se  the  s u r fa c e  te m p e ra tu re  to  such  an extent 
tha t all the  a tm o s p h e r ic  p ro c e sse s  m ay com e to 
g r in d in g  halt.

(5) R e c e n t ly ,  a tm ospheric  black clouds 
(A B C ),  as a re su l t  o f  c o n c e n tra t io n  o f  pollu tants  in 
the  a tm o s p h e re  d u e  to b u rn in g  o f  fo ss i l  fuels, have 
b een  re la ted  to  u n p re c e d e n te d  sn o w fa l l  in Dubai, 
h eav y  sn o w fa l l  in th e  lo w e r  a l t i tu d in a l  areas o 
J a m m u  an d  K a s h m ir ,  H im a c h a l  P rad esh  an
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U tta rancha l H im a la y a s  ( In d ia )  etc. d u r in g  D e c e m ­
ber (2 0 0 4 )  and  J a n u a ry  (2 0 0 5 ) .

Continental Drift and Polewandering

T h e  p la te  te c to n ic  th e o ry ,  based  on the 
evidences o f  palaeom agnetism  and seafloor spreading, 
the re s u l t  o f  p o s t - 1950  a d v a n c e m e n t  in g e o p h y s i ­
cal re se a rc h e s  w o r ld o v e r ,  has  va lida ted  the concep t 
o f  c o n t in e n ta l  d r if t .  It has  n o w  been  p ro v ed  that 
d if fe re n t  p la te s  a re  in c o n s ta n t  m o t io n  and  hence  
the c o n t in e n ts  a n d  o c e a n  b as in s  ch a n g e  the ir  
re la t iv e  lo c a t io n s .  T h e  p la te  te c to n ic s  h av e  tw o 
m a jo r  im p l ic a t io n s ,  n a m e ly  c h a n g e s  in re la t ive  
p o s i t io n s  o f  th e  c o n t in e n ts  (an d  o cea n  bas ins)  due  
to c o n t in e n ta l  d i s p la c e m e n t  (d r if t) ,  and  o r ig in  o f  
m o u n ta in s  o f  v a ry in g  h e ig h ts  d u e  to c o n v e rg e n c e  
o f  d e s t r u c t iv e  p la te  b o u n d a r ie s  ( the  e ffec ts  o f  the 
la ter o n  c l im a te  w ill b e  d is c u s se d  u n d er  the  nex t 
head ing ) .  I t is b e l ie v e d  th a t  the  re la t iv e  locations  o f  
c o n t in e n ts  in r e la t io n  to  th e  p o le s  h av e  p a ram o u n t  
con tro l  o n  c l im a t i c  c h a n g e s .  T h e  c lu s te r in g  o f  
c o n t in e n ta l  m a s s e s  a r o u n d  th e  po le  cau ses  g la c ia ­
tion o f  m a jo r  la n d  a re a s  w h ile  s ca t te r in g  o f  
con tinen ts  a w a y  f ro m  the  p o le s  cau ses  deg lac ia t ion  
o f  the  la n d  a re a s  w h ic h  a re  p la ces  at g rea te r  
d is tan ces  f ro m  th e  p o le s ,  as ‘the  p r im a ry  r e q u ire ­
ment fo r  th e  f o r m a t io n  o f  g r e a t  ice  c ap s  is the  p o la r  
location o f  c o n t i n e n t s ’ (J .E .  O l iv e r  and  J.J. H id o re ,  
2003).

A  lo t  o f  c o n v i n c in g  e v id e n c e s  a re  a v a i la b le  
for tw o g re a t  ic e  a g e s  e .g .  P e rm o -C a rb o n i fe ro u s  ice 
age, and  P le i s t o c e n e  ic e  age .  I t  is b e l ie v e d  tha t 
about 3 5 0 - 2 5 0  m i l l io n  y e a r s  B .P .  ( b e fo re  p re sen t)
i.e. d u r in g  C a r b o n i f e r o u s - P e r m ia n  p e r io d s  all the  
landm asses  w e re  u n i t e d  in o n e  la n d m a s s  w h ich  has  
been n a m e d  a s  P a n g a e a  II. M o s t  o f  the  land  a rea s  (^f 
G ondw analand  (c o m p r i s in g  p re se n t  S ou th  A m erica ,  
Africa, In d ia ,  A u s t r a l i a  a n d  A n ta r c t i c a  ) c lu s te re d  
around so u th  p o le  w h ic h  w a s  lo c a te d  n e a r  the  
present p o s i t io n  o f  D u r b a n  in N a ta l  (S o u th  A fr ica ) .  
Thus, the  s o u th  p o le  w a s  lo c a te d  a lm o s t  in the  
middle o f  P a n g a e a .  C o n s e q u e n t ly ,  ic e  s h e e ts  m ig h t  
have sp read  o u t  f r o m  s o u th  p o le  a t the  t im e  of  
glaciation an d  B ra z i l ,  s o u th e r n  S o u th  A m e r ic a  
upto F a lk la n d ,  s o u th e r n  A f r ic a ,  p e n in s u la r  In d ia ,  
Australia, A n ta r c t ic a  e tc . ,  w h ic h  w e re  c lo s e r  to 
s°u th  pole, m ig h t  h a v e  been c o v e r e d  w ith  th ic k  ice 
sheets. At m u c h  later d a te ,  th e s e  land m a s s e s  m ig h t

hav e  par ted  aw ay  d u e  to d is ru p t io n  o f  P a n g a e a  an d  
co n seq u en t m o v em en t to p resen t loca tions  b eca u se  
o f  p la te  m o v e m en ts ,  and  f ina l ly  m ig h t  h a v e  
experienced  deglacia tion  and  te rm ination  o f  P e rm o -  
C a rb o n ife ro u s  ice age.

T he  P le is to cen e  g la c ia t io n  o f  n o r th e rn  land  
areas  o f  the northern  h e m is p h e re  is s u p p o se d  to 
hav e  o ccu rrred  a ro u n d  o n e  m ill io n  y ea rs  B .P . d u e  
to c lo se r  loca tion  o f  N orth  A m e r ic a n  a n d  E u ra s ia n  
landm asses  to north pole . T h e  P a n g a e a  b e g a n  to 
break  d u ring  early  Ju rass ic  a b o u t  18 0 m i l l io n  y ea rs
B.P. and the d is rup tion  w as c o m p le te d  by  7 0 -1 0 0  
m illion  years  B.P. C o n seq u en t ly ,  the  n o r th e rn  p a r t  
o f  N orth  A m erica  upto  p re sen t  N e b ra s k a  in  the  
south  (in U SA ), G reen lan d ,  Ice lan d ,  E u ro p e  and  
S iberia  w ere  covered  with ice sh ee ts  d u r in g  
P le is to cen e  p eriod  (abou t o n e  m il l io n  y ea rs  B .P .) .  
As mentioned in the preceding section the P le is tocene 
Ice A ge com prised  o f  four g lacial p e r iods  sep a ra ted  
by fou r  in terg lac ia l  pe r iods  o f  w a rm e r  c l im a te .  I t  
may be m en tioned  tha t in te rg lac ia l  p e r io d s  w ith in  
a com prehens ive  ice age canno t be  ex p la in e d  o n  the  
basis o f  con tinen ta l d rift  and  p la te  tec ton ics .  I t m a y  
a lso  be rem e m b ered  tha t g lac ie rs  o f  the  R o c k ie s ,  
A lps, H im a lay as  etc. w ere  m o re  e x te n s iv e  th a n  
the ir  p resen t position . T h e  g la c ia t io n  o f  h ig h  
m ou n ta in s ,  w hich  w ere  fa r  aw ay  f ro m  the  lo c a t io n  
o f  po le  also can n o t be e x p la in ed  on  the  b a s is  o f  
p la te  te c ton ics  and co n t in en ta l  d rift .

Tectonism and Topographic Controls

It is a c o m m o n ly  ag ree d  fac t  th a t  topo­
g rap h ic  fac to r  (re lief)  p lays  an im p o r ta n t  ro le  in  
s h ap in g  w ea th e r  and  c l im a te  at reg io n a l  a n d  global 
levels .  H ig h  m o u n ta in s  co n tro l  te m p e ra tu re  and 
u p p e r  air  c i rc u la t io n  pa tte rn s .  T h is  is w h y  e f fo r ts  
h av e  b een  m a d e  to co r re la te  ice ag es  w ith  ac t iv e  
te c to n ism  and m o u n ta in  b u ild in g ,  ‘as  w ith  in c re a s ­
ing  h e ig h t  o f  la n d m asses ,  the  p o te n t ia l  fo r  ice  
f o rm a t io n  is g rea tly  in c re a s e d ’ (O liv e r  and H id o re ,  
2 0 0 3 ) .  T h e  a d v o ca te s  o f  te c to n ic  th e o ry  o f  ice ages 
and  g la c ia t io n  have  tr ied  to  d e m o n s t r a te  close 
re la t io n sh ip  b e tw ee n  P e rm o -C a rb o n i fe ro u s  ice  age 
and  P le is to c e n e  ice age  and  g la c ia t io n  w ith  large- 
sca le  ve r t ica l  te c to n ic  m o v e m e n ts  an d  o ro g e n e s is  
( m o u n ta in 'b u i ld in g )  as th e se  tw o  g re a t  p e r io d s  of 
ice age and w id e sp re a d  g la c ia t io n  p re c e d e d  large-, 
scale mountain b u i ld in g  ac t iv i t ie s .  In other words,



th e  C a le d o n ia n  m o u n ta in  bu ild ing  w as fo llo w ed  by 
P e rm o -C a rb o n i fe ro u s  ice age  and  la te  C e n o z o ic  
M o u n ta in  b u i ld in g ,  le ad in g  to  the  fo rm a t io n  o f  
A lp in e -H im a la y a n  m o u n ta in  cha in s ,  N orth  A m e r i­
c an  c o rd i l le ra ,  u p l i f tm e n t  o f  T e b a ta n  p la teau ,  
w e s te rn  N o r th  A m e r ic a  in c lu d in g  G rea t  P la in s  etc , 
w as  fo l lo w ed  by P l io c en e -P le is to cen e  ice age  w hen  
m a jo r  p a r ts  o f  N o r th  A m e r ic a  an d  E u ra s ia  w ere  
g lac ia ted .  R u d im a n  an d  K u tzb ac h  (1 9 8 9 )  h av e  a lso  
d e m o n s t ra te d  such  re la t io n s h ip s  th ro u g h  c o m p u te r  
m o d e ls  w h e re in  th e y  u sed  th e  m o d e ls  w ith  ‘no  
m o u n ta in s ’, ‘h a l f m o u n ta i n s ’, and  ‘full m o u n ta in s ’ 
to  p re d ic t  th e  p a t te rn s  o f  g e n e ra l  a tm o s p h e r ic  
c i rc u la t io n  a n d  th e ir  im p a c t  on  p ro d u c in g  coo l 
c l im a te  to  in t r o d u c e  g la c ia t io n .  T h e  c o m p u te r  
m o d e ls  b a s e d  o n  ‘h a l f  m o u n ta in s ’ an d  ‘full 
m o u n t a in s ’ d u r in g  la te  C e n o z o ic  p e r io d  p red ic ted  
c o ld e r  c l im a te  o v e r  N o r th  A m e r ic a ,  N o r th -W es te rn  
E u rope ,  and northern  A sia during Pliocene-Pleistocene 
p e r io d s  a n d  l ik e ly  ice ag e  an d  g lac ia t ion . T h e  actual 
o c c u r re n c e  o f  P le is to c e n e  ice age after late C enozoic  
m o u n ta in  b u i ld in g  v a l id a te s  the  p re d ic t io n  o f  
c o m p u te r  m o d e ls ,  as ‘in g e n e ra l  2 to 4 km  o f  late 
C e n o z o ic  s u r f a c e  u p li f t  in T ib e t  and  the  H im a lay an  
m o u n ta in s ,  a n d  a t  le a s t  o n e  k i lo m e te r  up l i f t  ac ross  
a b ro a d  a re a  o f  th e  w e s te rn  N o r th  A m e r ic a ,  
in c lu d in g  th e  S ie r r a  N e v a d a ,  B as in  an d  R an g e  
p r o v in c e ,  C o lo r a d o  P le a te a u ,  R o c k y  M o u n ta in s ,  
a n d  th e  w e s te rn  G re a t  P la in s ,  su c c e s s fu l ly  p ro ­
d u c e d  c h a n g e s  in  th e  m o d e l  c l im a te s  th a t  are  
c o m p a r a b l e  to ,  a l th o u g h  less  e x t r e m e  than ,  the 
in fe r r e d  a c tu a l  c l im a te  c h a n g e s  o f  the  la te C en o z o ic  
E r a ’ (A .L .  B lo o m ,  2002).

V e r t ic a l  t e c to n ic  m o v e m e n ts  le a d in g  to 
o r ig in  o f  m o u n t a in s  a n d  th e i r  fu r th e r  u p l i f t  re su l ts  
in h ig h  r e l i e f s  w h ic h  a u g m e n t  e ro s io n a l  an d  
w e a th e r in g  p r o c e s s e s  w h ic h  in tu rn  a f f e c t  a tm o s ­
p h e r i c  c a r b o n  d io x id e .  I t h a s  a l re a d y  b e e n  s ta ted  
e a r l i e r  th a t  d e c r e a s e d  c o n te n t  o f  a tm o s p h e r ic  
c a r b o n  d io x i d e  c o o l s  th e  e a r t h ’s s u r f a c e  an d  its 
l o w e r  a t m o s p h e r e  to  s u c h  an  e x t e n t  th a t  g la c ia l  
c l im a t e  is  in d u c e d .  T h e  w e a th e r in g  o f  ro c k s  has  
b e e n  c o r r e l a t e d  w ith  c l im a t ic  c o o l in g .  In  o th e r  
w o r d s ,  c h e m ic a l  w e a th e r in g  re q u i re s  d is s o lu t io n  o f  
a t m o s p h e r i c  c a r b o n  d io x id e .  T h e  in c re a s e d  ra te  o f  
c h e m ic a l  w e a th e r in g  r e s u l t s  in d e c r e a s e  in the  
c o n c e n t r a t i o n  o f  a t m o s p h e r i c  c a r b o n  d io x id e  a n d  
r e s u l t a n t  r e d u c t io n  in  g r e e n h o u s e  e f fe c t ,  w ith  th e

resu lt  c o o l in g  o f  the  e a r th ’s su r fa c e  and  its lowe 
a tm o s p h e re  in d u c es  g lac ia t ion .

Astronomical Theories

T h e  a s tro m ic a l  th e o rie s  are  re la ted  to three 
v a r ia b le s ,  n a m e ly  ( 1) e a r th ’s o rb ita l  eccentricity
(2) ob liqu ity  ( ti l t)  o f  the  e a r th ’s ro ta tional axis 
re la t iv e  to the  p la n e  o f  e a r th ’s o rb it ,  and (3) 
precession of equinoxes, w h ich  de te rm ine  the 
a m o u n t  o f  so la r  rad ia t io n  rec e iv e d  at the ea r th ’s 
s u r fa c e  and  its te m p o ra l  v a r ia t io n s .  T he  ear th ’s 
o rb ita l  e c c e n tr ic i ty  re fe rs  to a ra t io  b e tw een  the 
e l l ip t ica l o rb it  o f  the  ea r th  a ro u n d  the  sun  and a true 
c irc le .  It m ay  be  re m e m b e re d  tha t the  earth 
rev o lv e s  a ro u n d  the  sun  in an  e l l ip t ic a l  o rb it ,  thus, 
the  ecc e n tr ic i ty  o f  the  e a r t h ’s o rb i t  is d e r iv e d  by 
c o m p a r in g  the  o rb ita l  e l l ip t ica l  p a th  o f t h e  ear th  to 
th eo re tica l  c i rc u la r  path .

(1) T h e  eccentric ity  o f  the  e a r t h ’s e llip tica l 
o rb it  s im p ly  m e a n s  d e v ia t io n  o f  its e l l ip t ica l 
o rb ita l path  f ro m  true  c i rc u la r  p a th .  T h e  p re sen t  
pos ition  o f  e a r t h ’s o rb ita l  path  has  been  s h o w n  to 
be c lo se r  to c i rc u la r  path . W h e n  the  e a r t h ’s o rb i t  is 
nea re s t  to a c irc le ,  the  e a r th ’s ecc e n tr ic i ty  b e c o m e s  
a lm os t  zero . It has  b een  d e m o n s t r a te d  th ro u g h  
m e a su re m e n t  fo r  the  p as t  m il l io n  y ea rs  o n  th e  bas is  
o f  in fe rre d  d a ta  th a t  v a r ia t io n s  in th e  e a r th ’s 
ecc en tr ic i ty  ta k e  p la c e  in cy c l ic  m a n n e r .  T he  
va r ia t io n s  in ecc e n tr ic i ty  d u r in g  th e  p as t  1,000,000 
years  h av e  c h a n g e d  b e tw e e n  a m in im u m  v a lu e  of
0 .001  to m a x im u m  v a lu e  o f  0 .0 5 4 .  I t  ta k e s  about
9 5 ,0 0 0  years  fo r  the  e a r th ’s e c c e n tr ic i ty  to  a tta in  its 
m a x im u m  v a lu e  o f  0 .0 5 4 .  T h is  is c a l le d  95,000 
y ea rs  c y c le  o r  M ilu t in  M ila n k o v itc h  cycle (a f te r  the 
n a m e  o f  S e rb ia n  s c ie n t is t  M . M ila n k o v i tc h ) .  The 
te m p o ra l  v a r ia t io n s  in th e  e a r t h ’s eccentric ity  
in f lu e n c e  th e  a m o u n t  o f  so la r  ra d ia t io n  to be 
re c e iv e d  by  th e  e a r t h ’s s u r fa c e  an d  a lso  determ ine 
the  te m p o ra l  v a r ia t io n s  in  so ls t ic e s  an d  equinoxes. 
It has  b e e n  e s t im a te d  th a t  the  m a x im u m  varia tion in 
th e  e a r t h ’s e c c e n t r ic i ty  (0.054) ‘re su lts  in a 
m a x im u m  v a r ia t io n  o f  th e  in c o m in g  a n n u a l  radia­
t io n  o f  o n ly  0.2 p e r  c e n t  o f  th e  to ta l  o v e r  a cycle  of 
a b o u t  95,000 y e a r s ’ (B e rg e r ,  1988, q u o te d  in A.L- 
B lo o m ,  2002).

(2) The obliquity of the earth’s rotational 
axis or tilt of the earth’s rotational axis ‘refers to the 
angle of the axis (of the earth’s rotation) in relation
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to the p lan e  in  w h ich  the  ea r th  rev o lv e s  a ro u n d  the 
sun’ (O liver  a n d  H id o re ,  2003 ) .  T h e  ob liq u ity  o r  
tilt o f  the e a r th ’s ro ta t io n a l  ax is  varies  tem p o ra lly  
between 22° an d  24°  27 '.  T h e  n e t  a n g u la r  var ia tion  
is 1.5° w h ich  o sc il la te s  a ro u n d  m e an  ob liqu ity  
value o f  23 .1°. T h e  p re s e n t  an g le  o f  the  e a r th ’s 
ro tational ax is  is 66 .5 °  g iv in g  an  o b liq u i ty  o f  23.5°
i.e. the tilt a n g le  o f  th e  e a r th ’s ro ta t io n a l  ax is  with 
respect to  the  p la n e  o f  its o rb ita l  path  is 23.5  degree . 
The s ig n if ican ce  o f  th e  o b l iq u i ty  fac to r  lies in the 
fact tha t it c o n t ro l s  th e  la t i tu d in a l  d is tr ib u tio n  o f  
solar ra d ia n t  e n e rg y  a n d  th e  in ten s ity  and  d u ra tion  
of d iffe ren t  s ea so n s .  It  m a y  be  m en tio n ed  tha t i f  the 
ob liqu ity  a n g le  is  z e ro  (i.e .  i f  the  ro ta t io n a l  axis  o f  
the ea r th  is p e rp e n d ic u la r  to  its p la n e  o f  orb ita l 
circle) th e  le n g th  o f  d ay ,  an d  n ig h t  w o u ld  be  o f  
equal d u ra t io n  th ro u g h o u t  the  year ,  th e re  w ou ld  be 
no s e a so n a l i ty  i.e. th e  s a m e  seaso n  w ou ld  p revail  
th roughou t th e  yea r ,  an d  the  ho r izo n ta l  d is tr ibu tion  
of c l im a tic  z o n e s  w o u ld  b e  s ta t ic  b u t  such  s itua tion  
is no t p o s s ib le  b e c a u s e  no  su ch  e v id en ces  co u ld  be 
found in  the  c l im a t ic  h is to ry  o f  the  earth . It has been 
dem onstrated th ro u g h  co m p u te r  m odels , and m anual 
ca lcu la tion  b y  M ilu t in  M ila n k o v i tc h  tha t there  
have b e e n  a n g u la r  v a r ia t io n s  in the  e a r th ’s o b l iq ­
uity in th e  p a s t  a n d  su ch  v a r ia t io n s ,  th o u g h  small 
(m ax im um  v a lu e  o f  1 .5°), a re  su f f ic ie n t  e n o u g h  to 
induce c h a n g e s  in th e  c l im a t ic  c o n d i t io n s  and  its 
world d is t r ib u t io n .  T h e  c h a n g e  o f  the  e a r th ’s 
obliquity f r o m  th e  m in im u m  an g le  v a lu e  o f  22° to 
the m a x im u m  v a lu e  o f  2 4°  2 7 ' takes  a b o u t  4 1 ,0 0 0  
years. T h u s ,  th e  c o m p le te  c h a n g e  in the  e a r th ’s 
obliquity o c c u r s  in  c y c l ic  m a n n e r  an d  on e  c y c le  is 
com pleted in a p e r io d  o f  4 1 ,0 0 0  years .  T h e re  is 
direct r e la t io n s h ip  b e tw e e n  th e  a m o u n t  o f  a n g u la r  
variation o f  th e  e a r t h ’s o b l iq u i ty  an d  sea so n a l  
contrasts i.e. d i f f e r e n c e  o f  te m p e ra tu re  in s u m m e r  
and w inter s ea so n s .  T h e  s m a l le r  the  c h a n g e s  in the 
inclination o f  th e  e a r t h ’s ro ta t io n a l  ax is  ( o b l iq ­
uity), the  s m a l le r  is th e  c h a n g e  o f  te m p e ra tu re  
between s u m m e r  a n d  w in te r  s e a so n s  a n d  v ice  
versa. It m ay  b e  m e n t io n e d  th a t  w a rm e r  w in te rs  
induce m ore  s n o w fa l l  a n d  a c c u m u la t io n  o f  ice  d u e  
to increased e v a p o ra t io n  an d  r e s u l ta n t  c o n d e n s a -  
^ n ,  w hile coo l s u m m e rs  t a b o o  m e l t in g  o f  ice  

® eets. Thus, i t  is a p p a re n t  th a t  i f  th e  te m p e ra tu re  
ference b e tw e e n  s u m m e r  a n d  w in te r  s e a s o n s  is 

^ lnimised an d  i f  su ch  c o n d i t io n  p e rs is ts  fo r  lo n g e r  
Uration, the  c l im a te  w o u ld  b e  c o ld  e n o u g h  to
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induce  g lacial period .
(3) Precession of equinoxes : T h e  d ic t io n a ry  

(W ebste r)  m e an in g  o f  p re c e ss io n  d e n o te s  ‘s lo w ,  
con ica l m o tion  o f  the  e a r th ’s ax is  o f  r o ta t io n ,  
caused  by the  g rav ita tional a t trac t ion  o f  th e  su n  a n d  
the  m oon , and  to  a sm a l le r  ex ten t ,  o f  th e  p la n e ts ,  o n  
the  equa to r ia l  b u lg e  o f  the  e a r th , ’ w h i le  th e  
p recess ion  o f  e q u in o x e s  ‘re fe rs  to  e a r l ie r  o c c u r ­
rences  o f  the  eq u in o x es  in  eac h  su c c e s s iv e  s id e re a l  
y ear  because  o f  th e  s low  r e t ro g ra d e  m o t io n  o f  th e  
eq u inoc tia l  po in ts  a lo n g  th e  e c l ip t ic ,  c a u s e d  b y  th e  
p recess ion  o f  the  ea r th  ’ s ax is  o f  ro ta t io n  (W e b s te r  
D ic tionary ) .  In  m o re  s im p le  w o rd s ,  the p r e c e s s io n  
o f  equ inoxes  m ay  b e  d e f in e d  as the  t im e  o f  a  y e a r  o r  
say the  days  o f  th e  y e a r  on  w h ic h  th e  e a r th  s 
pos ition  is n ea re s t  to th e  sun  (p e r ih e l io n )  o r  
fa r thest to the  sun  (a p h e l io n )  d u e  to  v a r y in g  
m otions  o f  the  earth .  T h u s ,  th e  p r e c e s s io n  o f  
equ inoxes  d en o tes  ‘the  r e g u la r  c h a n g e  in  t i m e  
w hen the earth  is a t g iv e n  d is ta n c e  f r o m  th e  s u n . ’ 
‘Climatic precession is a c o m p le x  v a r ia b le  w i th  
p rinc ipa l p e r iods  o f  2 3 ,0 0 0  an d  1 9 ,0 0 0  y e a r s .  T h e  
c l im atic  p recess io n a l  p a ra m e te r  r e fe r s  to  th e  t i m e  
o f  y ea r  w hen  the  ea r th  is a t  p e r ih e l io n ,  o r  c l o s e t  to  
the sun, w h ich  is n o w  in  e a r ly  J a n u a r y  ( m o r e  
prec ise ly  3 Jan u ary ) .  C lim a t ic  p r e c e s s io n  c o n t r o l s  
the d if fe ren ce  in th e  le n g th  o f  th e  s e a s o n s  a n d  h a s  
an o p p o s ite  e f fe c t  on  e a c h  h e m is p h e r e ’ ( A .L .  
B loom , 2002).  In  o th e r  w o rd s ,  a t  th e  t i m e  o f  
p e r ih e lio n  p o s i t io n  o f  th e  e a r th  d u r in g  n o r th e r n  
hem isp h e r ic  w in te r ,  th e  w in te rs  in  th e  n o r t h e r n  
h em isp h e re  b e c o m e  m u c h  lo n g e r  a n d  7 p e r  c e n t  
m o re  w arm er  w h ile  in th e  s o u th e rn  h e m is p h e r e  th e  
su m m e rs  b e c o m e  m u c h  lo n g e r  an d  7 p e r  c e n t  le s s  
warm .

P re sen tly ,  th e  e a r t h ’s p e r ih e l io n  p o s i t i o n  
w ith  re sp ec t  to its d is ta n c e  f ro m  th e  su n  is  in  th e  
n o r th e rn  h e m is p h e r ic  w in te r .  T h e  a s t r o n o m ic a l  
c a lc u la t io n  d e n o te s  th a t  th is  p o s i t io n  w i l l  b e  
re v e rse d  a f te r  a b o u t  10,000 y e a rs  f r o m  p r e s e n t  i .e .  
the  p e r ih e l io n  p o s i t io n  o f  th e  e a r th  w ill  c h a n g e  to  
n o r th e rn  h e m is p h e re  s u m m e r  s e a s o n ,  w i th  t h e  
re su l t  w in te r  s e a s o n  w ill  b e  m o re  e x t r e m e  a n d  c  
d u e  to  re c e ip t  o f  le ss  a m o u n t  o f  s o la r  r a d i - 
en e rg y .  T h e  s c ie n t is ts  h a v e  m a d e  succes ,  
a t te m p ts  in  c o m p u t in g  th e  d a te s  o f  o c c u r r e n c e  
p e r ih e l io n  an d  a p h e l io n  p o s i t io n s  in  th e  p a s t  a
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have  tried  to reconstruc t pa laeoclim ates  on this 
basis.

M iiu tin  M ilankovitch , a Serb ian  scientist, 
m anua lly  ca lcu la ted  the dates o t  occu rrences  of 
pe r ih e lio n  and  aphelion  positions  o t  the earth  lor 
the  past thousands  o f  years  (600 ,000  years) and 
presen ted  a m a them atica l m odel based on the 
a fo resa id  th ree  as tronom ical variab les  (e.g. e ccen ­
tric ity  o f  the e a r th ’s e llip tical orbit, ob liquity  
inc lud ing  o f  the e a r th ’s ro ta tional axis, and 
p recess io n  o f  equ inoxes)  to exp la in  the ad v an c e ­
m en t (expans ion )  and retreat (con trac tion) o f  ice 
shee ts  d u ring  P le is tocene  Ice Age. His m odel or 
theory is popularly  know n as ‘Milankovitch Theory’ 
or ‘o rb ita l varia tion  theo ry .’ T he  e a r th ’s orbital 
var ia tions  are  know n  as ‘M ilankovitch cycles’. The  
sa lien t fea tu res  o f  M ilan k o v itch  theory  are stated 
as fo llo w s  :

(i) T h e  ch ange  o f  obliquity  angle o f  the 
e a r th ’s ro ta t ional axis from  22.1° to 24° 21' (say 
24 .5°) is co m p le ted  in a cycle  o f  41 ,000  years. Such 
varia tions  in the inc lination  o f  the ea r th ’s rotational 
axis a ffec t the am o u n t o f  rad ian t solar energy to be 
rece ived  at the earth  surface, tem perature  d istr ibu­
tion, genera l a tm ospheric  circu la tion  and seasons.

(ii) T h e  c h an g e  in the eccen tr ic ity  o f  the 
e a r t h ’s o rb it  f rom  m in im um  value o f  0.001 to 
m a x im u m  value  o f  0 .054  takes  p lace  in a cyc le  o f
9 5 .0 0 0  years .  Such  var ia tion  causes  varia tions  in 
th e  d is ta n c e  o f  the earth  from  the sun w hich in turn 
a f fe c ts  the  a m o u n t  o f  in so la tion  and tem pera tu re  
d is t r ib u t io n  on  the  e a r th ’s su rface .

(iii)  T h e  p rece ss io n  o f  eq u in o x es  in te rm s o f  
the  p e r ih e l io n  p o s i t io n  o f  the  earth  with re spec t  to 
th e  su n  is c o m p le te d  in a b o u t o n e -h a l f  cy c le  o f
11 .000  y e a r s  d u ra t io n .  It is b e l iev ed  tha t ‘in abou t 
o n e - h a l f  c y c le  o r  11,000 y ea rs  from  now , the 
n o r th e rn  h e m is p h e re  w in te r  seaso n  will be coo ler ,  
an d  m o re  th a n  23  d ay s  lo n g e r  than  the  su m m e r  
s ea so n ,  b e c a u se  the  n o r th e rn  h e m is p h e re  w in te r  
w ill o c c u r  w h ile  the  ea r th  m o v e s  m o re  s lo w ly  from  
th e  sun* (B e rg e r ,  1978, q u o te d  by A .L . B loom ,
2 0 0 2 ) .  T h e  a b o v e  v iew  is b a se d  on  the  ca lcu la t io n  
o f  p a s t  e v e n ts  th a t  a b o u t  10 ,500  years  befo re  
p re s e n t  th e  n o r th e rn  h e m is p h e re  w in te r  w as at the 
t im e  w h en  th e  ea r th  w as  fa r th e s t  (ap h e l io n  pos it ion  
o f  th e  e a r th )  f ro m  th e  sun.
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A cco rd in g  to M ilankov itch  orb ital theory 
cool sum m ers  and  re la tive ly  w arm er  w inters  in the 
la titudinal zone  o f  50° to 70° in the  northern 
h em isphere  are  p re requ is i te  cond it ions  to induce 
cold phase  o f  the  c l im a te  lead ing  to continental 
g lacia tion  because  cool su m m ers  p reven t melting 
o f  annual accu m u la tio n  o f  snow  w hile  relatively 
w arm er w in ters  ind u ce  m ore  evapora tion  and 
condensa tion  lead ing  to m ore  snow fa ll  and accu­
m ulation  o f  ice sheets .

It may be c o n c lu d ed  tha t the  eccen tr ic ity  of 
the ea r th ’s o rb it  affec ts  the  rece ip t  o f  inso la tion  at 
the earth ’ s su rface  wh i le the ob liqu ity  o f  the earth ’s 
ro ta tional axis and p recess ion  o f  e q u in o x e s  deter­
m ine the horizon ta l ( la t i tud ina l)  d is tr ib u tio n  of 
tem perature  over  the earth ’ s su rface  and length  and 
in tensity  o f  su m m e r  and w in te r  s ea so n s  in te rm s of 
tem perature . All such ch an g e s  and  varia tions 
induce clim atic  changes .

It has been argued by the critics o f  Milankovitch 
orbital theory o f  c l im atic  ch an g es  tha t ‘the  am p li­
tude o f  the fluc tua tions  o f  so lar e n e rg y  in fe r re d  by 
M ilankovitch  theory  are inad eq u a te  to p ro d u c e  the 
docum ented  c lim atic  changes  o f  ice  a g e s ’ (A .L . 
B loom , 2002). T h e  advoca tes  o f  th is  th e o ry  a re  o f  
the op in ions  that the a fo resa id  th ree  a s tro n o m ica l  
variab les, know n  as M ila n k o v itc h  o rb ita l  va r i­
ables, have o p e ra ted  th ro u g h o u t  p a s t  geo log ica l 
periods  and may be e ffec tive  in e x p la in in g  clim atic 
f luc tua tions  at least d u r in g  ice ages  w ith  m inor 
c o rrec t ions  and  im p ro v e m e n ts .  T h ey  a rgue  that 
‘o the r  tec ton ic ,  a tm o sp h e r ic ,  o c e a n o g ra p h ic ,  and 
b io log ica l ch a n g e s  o f  the  la te  C e n o z o ic  E ra ,  also 
c rea ted  an e n v i ro n m e n t  in w h ich  the  relatively 
w eak  o rb ita l  p a ra m e te rs  c o u ld  b e  ex p ressed  as 
m a jo r  c l im a te  c h a n g e s ’ (A .L . B lo o m )  an d  m ay act 
as climatic p acem aker .

15.6 IMPORTANT DEFINITIONS

A tm ospheric  b lack  clouds (ABC) : s im p ly  means 
fo rm a t io n  o f  lay e rs  o f  p o l lu tan ts  in the 
a tm o sp h e re  du e  to  b u rn in g  o f  fossil fuels (coal, 
p e t ro le u m , n a tu ra l  gas  e tc .) .

C lim ochronology ; C l im o c h ro n o lo g y  m ay be de­
f ined  as a sy s te m a t ic  d e sc r ip t io n  o f  climatic 
c o n d i t io n s  a n d  c l im a t ic  c h a n g e s  in geological 
h is to ry  o f  the  ea r th .
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C lim a t ic  p r e c e s s i o n  : ‘C l im a t ic  p re c e s s io n  is a 
c o m p le x  v a r ia b le  w ith  p r in c ip a l  p e r io d s  o f
2 3 ,0 0 0  and  19 ,000  years .  C lim a tic  p recess iona l 
p a ra m e te r  r e fe r s  to  the  t im e  o f  y e a r  w h e n  the  
earth  is a t p e r ih e l io n  o r  c lo se t  to  th e  sun , w h ich  
is n o w  in e a r ly  J a n u a ry  (m o re  p rec ise ly  
J a n u a ry ,  3 ) ' (A .L .  B lo o m ,  2 0 0 2 ) .

D u r ic r u s t s  : D u r ic ru s t s  a re  in d u ra te d  h a rd e n e d  
s u r f a c e s  o f  d i f f e r e n t  k i n d s  s u c h  as 
Iaterites, s i lc re te s ,  ca lc re te s ,  a lcre tes ,  ferric re tes  
etc.

E c c e n t r i c i t y  : o f  th e  e a r t h ’s e l l ip t ic a l  o rb i t  s im p ly  
m e a n s  d e v i a t io n  o f  its e l l ip t ic a l  o rb ita l  path  
f ro m  t ru e  c i r c u l a r  p a th .

Evaporites : E v a p o r i t e s  a re  th e  d e p o s i t s  r e p re ­
s e n te d  b y  s a l t  d e p o s i t s  in  w a rm  and  arid  
c l im a t ic  c o n d i t io n s  w h e n  e v a p o ra t io n  ex ce ed s  
p r e c ip i ta t io n .

G laciology : T h e  s c ie n c e  d e a l in g  w ith  g la c ie rs  and 
g la c ia t io n  is c a l l e d  g la c io lo g y .

Greenhouse effect : G r e e n h o u s e  e f fe c t  m eans
‘p ro g r e s s iv e  w a r m in g - u p  o f t h e  e a r th ’s su rface  
due to  b l a n k e t i n g  e f f e c t  o f  c a rb o n  d io x id e  in 
t h e a t m o s p h e r e . ’

Greenhouse phase : G r e e n h o u s e  p h a se  m ean s  
in c r e a s e  in  e a r t h ’s t e m p e r a tu r e  by  th e  a b s o r p ­
tion  o f  o u t g o i n g  te r r e s t r ia l  in t r a r e d  rad ia t io n  
by  c e r t a i n  g a s e s  i.e . g r e e n h o u s e  g a se s ,  m a in ly  
c a r b o n  d i o x i d e .

Icehouse p h a s e  : T h e  ic e h o u s e  p h a s e  re fe rs  to 
lo w e r in g  o t  e a r t h ’s t e m p e r a tu r e  le a d in g  to 

b e g i n n in g  o f  g la c ia l  p e r io d .

c l i m a t i c  c h a n g e

M a u n d e r  m in im um  : T h e  p ro lo n g ed  p e r io d  o f  
m in im u m  sunspo t ac tiv ity  is ca l led  M a u n d e r  
m in im um .

M ilankovitch  cycle : T h e  e a r th ’s o rb ita l  va r ia t ions  
are  k n o w n  as M ila n k o v itc h  cycles .

Palynology : T h e  sc ience  o f  the  s tudy  o f  po llen  
grains and spores o f  p lants  is called  palynology.

O bliquity  : o f  the  e a r th ’s ro ta t io n a l  ax is ,  o r
inc lination  o f  t h e e a r th ’s ro ta t io n a l  axis ‘refers  
to the ang le  o f  the ax is  in re la t io n  to the  
p lane  in w h ich  the  earth  re v o lv e s  a ro u n d  the 
s u n .’

Precession of equinoxes : m ay  be d e f in e d  as the 
tim e o f  the  y ear  or say the  days  o f  the  y e a r  on  
w hich the e a r th ’s po s it io n  is n e a re s t  to th e  sun  
(per ih e lio n  po s it io n  o f  the  earth )  o r  f a r th e s t  to 
the sun  (aph e l io n  p os it ion )  d u e  to v a ry in g  
m o tio n s  o f  the earth .

Proxy da ta  : P ro x y  data  re fe r  to in fe rre d  d a ta  as 
subs titu tes  fo r  real data.

Varves : V arv es  are  the  a l te rn a te  s e q u e n c e s  o f  
layers  o f  f ine  silts and  c lays  d e p o s i te d  a t  th e  
f loo rs  o f  lakes  and  la rge  p o n d s  in such  an a rea  
w hich  is ch a ra c te r iz e d  by a l te rn a te  f re e z in g  
and th a w in g  d u r in g  w in te r  and  s u m m e r  s e a ­
sons re sp ec t iv e ly .

Y ear  w ithou t su m m er : T h e  y ea r  1816 is k n o w n  as 
the  y ea r  w ith o u t  su m m e r  in th e  c l im a t ic  
h is to ry  o f  the  ea r th  w h en  th e  g la c ie rs  b e c a m e  
m o s t  ac t iv e  afte r  P le is to c e n e  ice  ag e  d u e  to 
e x t re m e  co ld  w in te r  and  co o l s u m m e r  m a in ly  
in N o r th  A m eric a .
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