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Structure, relief and physiographic divisions,
Drainage Systems : Himalayan and the Peninsu-
lar

The rivers may be classified as follows :
 The Himalayan
 The Deccan
 The Coastal
 The rivers of the inland drainage basin
The Himalayan Rivers

The Himalayan rivers are generally snow-fed and
flow throughout the year. During the monsoon months
(June to September), the Himalayas receive very heavy
rainfall and the rivers carry the maximum amount of
water, causing frequent floods.

The Indus System
 It has a total length of 2880 km (709 km in India).

Rises in Tibet (China) near Mansarovar Lake.
 In Jammu and Kashmir, its Himalayan tributaries

are: Zanskar, Dras, Gartang, Shyok, Shigar, Nu-
bra, Gilgit, etc.

 Its most important tributaries, which join Indus at
various places, are: Jhelum (725 km), Chenab (1800
km), Ravi (720 km), Beas (470 km) & Sutlej (1050
km).

 Sources: Jhelum from Verinag (SE Kashmir), Chen-
ab from Bara Lacha Pass (Lahaul-Spiti, H.R), Ravi
from Kullu Hills near Rohtang Pass in H. R, Beas
from a place near Rohtang Pass in H.E and Satluj
from Mansarovar - Rakas lakes in W. Tibet.

 In Nari Khorsan province of Tibet, Satluj has cre-
ated an extraordinary canyon, comparable to the
Grand Canyon of Colorado (US).

 According to the Indus Water Treaty signed be-
tween India and Pakistan in 1960, India can utilize
only 20% of the total discharge of Indus, Jhelum
and Chenab.

The Ganga System
 It is 2525 km long of which 1450 km is in Uttarak-

hand and UP, 445 km in Bihar and 520 km in West
Bengal.

 The Ganga, the head stream is constituted of two
main rivers - Bhagirthi and Alaknanda, which com-
bine at Devprayag to form Ganga.

 Before Alaknanda meets Bhagirthi at Devprayag,
Mandakini meets Alaknanda at Rudraprayag.

 Sources: Bhagirthi from Gaumukh, Alaknanda from
Badrinath, Mandakini from Kedarnath (all from
Uttarakhand).

 Yamuna (1375 km) is its most important tributary
(on right bank). It rises at the Yamunotri glacier in
Uttarakhand. It runs parallel to Ganga for 800km
and joins it at Allahabad. Important tributaries of
Yamuna are Chambal (1050 km), Sind, Betwa (480
km) and Ken (all from south).

 Apart from Yamuna, other tributaries of Ganga are
Ghaghra (1080 km), Son (780 km), Gandak (425
km), Kosi (730 km), Gomti (805 km), Damodar (541
km). Kosi is infamous as 'Sorrow of Bihar', while
Damodar gets the name 'Sorrow of Bengal' as these
cause floods in these regions.

 Hooghli is a distributory of Ganga flowing through
Kolkata.

The Brahmaputra system
 It has a total length of 2900 km. It rises in Tibet

(from Chemayungdung glacier), where it is called
Tsangpo, and enters the Indian territory (in
Arunachal Pradesh) under the name Dihang.

 Important Tributaries: Subansiri, Kameng, Dhan-
siri, Manas, Teesta.

 In Bangladesh, Brahmaputra is known by the name
of Jamuna while Ganga gets the name Padma. Their
combined stream is known as Padma only. Megh-
na is the most important distributory before it en-
ters the Bay of Bengal.

 The combined stream of Ganga and Brahmaputra
forms the biggest delta in the world, the Sundar-
bans, covering an area of 58,752 sq. km. Its major
part is in Bangladesh.

 On Brahmaputra is the river island, Majuli in As-
sam, the biggest river island in the world.

GEOGRAPHY OF INDIA
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 Brahmaputra, or the Red River, is navigable for a
distance of 1384 km up to Dibrugarh and serves as
an excellent inland water transport route.

The Deccan Rivers
The Deccan rivers are generally rain-fed and,

therefore, fluctuate greatly in volume. A very large
number of them are non-perennial.

Rivers of the Peninsula in India
Different from the Himalayan rivers because they

are seasonable in their flow (while Himalayan rivers
are perennial).

They can be divided into two groups :
A. East Flowing Rivers of India (or Delta forming riv-

ers)
 Mahanadi River (858 km) : Rises in Raipur distt. in

Chhatisgarh. Main tributaries: lb, Seonath, Hasdo,
Mand, Jonk, Tel, etc.

 Godavari River (1465 km) : Also called Vriddha Gan-
ga or Dakshina Ganga. It is the longest peninsular
river. Rises in Nasik. Main tributaries: Manjra, Pen-
ganga, Wardha, Indravati, Wainganga, Sabari, etc.

 Krishna River (1327 km) : Rises in Western Ghats
near Mahabaleshwar. Main tributaries: Koyna,
Dudhganga, Panchganga, Malprabha, Ghatprabha,
Bhima, Tungabhadra, Musi, etc.

 Cauvery River (805 km) : It is the largest peninsular
river (maximum amount of water). Infact, it is the
only peninsular river which flows almost through-
out the year. Known as the 'Ganga of the South'. It
rises from the Brahmagir range of Western Ghats.
Main tributaries: Hemavati, Lokpawni, Shimsa. It
is less seasonal than others as its upper catchment
area receives rainfall during summer by the S.W
monsoon and the lower catchment area during
winter season by the retreating N.E. monsoon. Its
90% - 95% irrigation and power production po-
tential is already being harnessed.

 Swarnarekha River (395 km) and Brahmani (705 km) :
Rises from Ranchi Plateau.

B. West Flowing Rivers in India
 Narmada River (1057 km) : Has only l/10th part in

Gujarat. Rises in Amarkantak Plateau and flows
into Gulf of Khambat. It forms the famous Dhuan
Dhar Falls near Jabalpur. Main tributaries: Hiran,
Burhner, Banjar, Shar, Shakkar, Tawa, etc.

 Tapti River (724 km) : Rises from Betul distt in MR

Also known as twin or handmaid of Narmada.
Main tributaries: Purna, Betul, Arunavati, Ganjal,
etc.

 Sabarmati River (416 km) : Rises from Aravallis in
Rajasthan.

 Mahi River (560 km) : Rises from Vindhyas in MR
 Luni River (450 km) : Rises from Aravallis. Also

called Salt River. It is finally lost in the marshy
grounds at the head of the Rann of Kuchchh.

 Sharavati is a west flowing river of the Sahyadris.
It forms the famous Jog or Gersoppa or Mahatma
Gandhi Falls (289 m), which is the highest water-
fall in India.

The Coastal Rivers
The coastal rivers, especially on the west coast,

are short and have limited catchment areas. Most of
these are non-perennial as well. The rivers on the in-
land drainage basin are few and ephemeral.
The Rivers of the Inland Drainage Basin

They drain towards individual basins or salt lakes
like the Sambhar or are lost in the sands, having no
outlet to the sea.

Some rivers of India are not able to reach the sea
and constitute inland drainage. Ghaggar (494 km) is
the most important of such drainage.
 It is a seasonal stream which rises on the lower

slopes of the Himalayas and gets lost in the dry
sands of Rajasthan near Hanumangarh. It is con-
sidered the old Saraswati of the Vedic times.

 The largest man-made lake in India is Indira Sagar
Lake, which is the reservoir of Sardar Sarovar
Project, Onkareshwar Project and Maheshwar Project
in Gujarat-MP.

 Chilka Lake (Orissa) is the largest brackish water
lake of India. Otherwise also, it is the largest lake
of India.

 Wular Lake (J & K) is the largest fresh water lake
of India. Dul Lake is also there in J & K.

 From Sambhar and Didwana Lake (Rajasthan), salt
is produced.

 Other important lakes are Vembanad in Kerala and
Kolleru & Pulicat in AP.

 The three important Gulfs in the Indian Territory
are:

 Gulf of Kuchch (west of Gujarat) : Region with
highest potential of tidal energy generation
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 Gulf of Cambay or Gulf of Khambat (Gujarat) :
Narmada, Tapti, Mahi and Sabarmati drain into it.

 Gulf of Mannar (south east of Tamil Nadu) : Asia's
first marine biosphere reserve.

Indian monsoon, mechanism, onset and retreat
The word monsoon has been derived from an

Arabic word 'mausam' which is characterized by sea-
sonal reversal of wind pattern and associated weather
changes over a area. Monsoon is the system of winds
characterized by a seasonal reversal of wind direction.
This reversal of wind direction implies winds blowing
from sea to land in summer season and from land to
sea during winters. Hence the areas experiencing mon-
soon climate experience dry winters and wet summers.
Also, the monsoon is primarily a tropical phenomenon.
According to the traditional theory, monsoon is a re-
sult of differential heating of land and sea. In the sum-
mer season the temperature over Indian landmass is
higher than over the neighbouring sea and it causes a
pressure gradient from south to north. This leads to
the establishment of southwest monsoon blowing from
over Indian Ocean towards Indian landmass. During
winter the landmass is colder than the sea and the pres-
sure gradient is therefore from land to sea. This causes
winds to blow from over Indian landmass towards
Indian Ocean in the south. These winds blowing over
India from a northeasterly direction are called the
northeast monsoon.

The southwest monsoon blowing from sea to land
carries moisture and thus causes rainfall over India
during this season while the northeast monsoon blow-
ing from land to sea is dry and does not cause rainfall.
Only a part of it blowing over the Bay of Bengal picks
up moisture and causes winter rains in Tamil Nadu.
On the origin of Monsoon: Conventional theory

Monsoon, the sudden arrival of rainy season after
months of hot dry weather has been an age-old puzzle
in meteorology. It has been believed for centuries that
continental-scale land-sea contrast is the main reason
for monsoon since the time of Halley (1686; e.g., Wallace
and Hobbs 1977, which was adopted by Holton 1992;
Webster et al. 1998), although some authors (e.g., Chao
and Chen 2001) challenged this vi

ew and argued that the existence of land is not a
necessary condition for the presence of monsoon. Ba-
sic idea of this paper is to scrutinize the long held fun-

damental idea about the origin of monsoon.
The main mechanism of this conventional idea

about monsoon is that in summer the thermal heating
of the continent gives rise to a continental scale ther-
mal low (figure 0) and surrounding this low the low
level wind blows from southwest. This low level in-
flow creates a convergence of moisture and cumulus
convection occurs. On the other hand, during winter
the radiative cooling gives rise to continental-scale ther-
mal high and surrounding this high the low-level wind
is from northeast. This leads to divergence of dry air.

There is no doubt that the continental scale land-
sea thermal

contrast exists. But it not has been tested in nu-
merical experiments whether it really acts as the main
driving force of

the monsoon. So it is very important to know the
answer of this age-old puzzle. In this project there will
be some paper review supporting and arguing about
this experimental result. The main paper reviewed is
Chao and Chen 2001.

Method
Through general circulation model experiments

Winstone Chao and Baode Chen demonstrate that this
belief should be changed. The Asian and Australian
summer monsoon circulations are largely intact in an
experiment in which Asia, maritime continent, and
Australia are replaced by ocean.

It is also shown that the change resulting from such
replacement is in general due more to the removal of
topography than to the removal of land-sea contrast.
Therefore, land -sea contrast plays only a minor modi-
fying role in Asian and Australian summer monsoons.
This also happens to the Central American summer
monsoon. However, the same thing cannot be said of
the African and South American summer monsoons.
In Asia n and Australian winter monsoons land-sea
contrast also plays only a minor role. Their interpreta-
tion for the origin of monsoon is that the summer mon-
soon is the result of ITCZ's (Intertropical Convergence
Zones) peak being substantially (more than 10 degrees)
away from the equator. In their paper the origin of the
ITCZ explains the monsoon circulation. The longitudi-
nal location of the ITCZ's is determined by the distri-
bution of surface conditions. ITCZ's favor locations of
high SST as in western Pacific and Indian Ocean, or
tropical landmass, due to land-sea contrast, as in tropi-
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cal Africa and South America. Thus, they argued that
the role of landmass in the origin of monsoon can be
replaced by ocean of sufficiently high SST.

Furthermore, the ITCZ circulation extends into the
tropics in

the other hemisphere to give rise to the winter
monsoon circulation there. Also through the equiva-
lence of land and sea contrast and high SST, it is ar-
gued that the basic monsoon onset mechanism proposed
by Chao is valid for all monsoons.
The Air Mass Theory

The Southeast Trade Winds in the Southern Hemi-
sphere and the Northeast Trade Winds in the North-
ern Hemisphere meet each other near the equator. The
meeting place is called the Inter Tropical Convergence
Zone (ITCZ). This is the region of ascending air, maxi-
mum clouds and heavy rainfall. The ITCZ shifts north
and south of the equator with the change of season.
During the summer season, with the apparent migra-
tion of the sun northwards, the ITCZ shifts northwards.
Thus, .the Southeast Trade Winds crosses the equator
and blow in the southwest to northeast direction un-
der the influence of the Coriolis force. These displaced
Trade Winds are called the Southwest Monsoons.
The Jet Stream Theory

It is the latest theory about the origin and devel-
opment of the monsoons. Jet stream is a band of fast
moving air at a height of about 12 km in the mid-lati-
tudes. The wind speed in the westerly jet stream var-
ies between 200 km and 400 km per hour.
The Indian Monsoon and its Relation to Global
Climate Variability

onsoon, meaning season, is the wind system over
India and adjoining oceanic regions that blows from
the southwest half the year and from the northeast
during the other half. The seasonal reversal of the wind
direction occurring in May brings copious moisture
from the warm waters of the tropical ocean to the In-
dian continent through southwesterlies. Most of the
annual rainfall in India occurs from June to September
during what is referred to as the summer monsoon or
southwest monsoon. The winter monsoon or the north-
east monsoon brings rainfall to the southeastern part
of India through northeasterlies during October to
December and contributes a small percentage to the
annual Indian rainfall.

Two remarkable features of the summer monsoon

are its regular occurrence every year from June to Sep-
tember and the irregular variation in the amount of
seasonal mean rainfall that it brings to India from one
year to the other. There are many instances of years
with flood (strong monsoon) or drought (weak mon-
soon) during which India as a whole receives excess or
deficient seasonal rainfall, respectively. Even

within a season, there is considerable variation,
both in space and time, in the rainfall over India. The
intraseasonal variation is characterized by “active”
periods of high rainfall and “break” periods with weak
or no rainfall over central India and the west coast,
each phase lasting for a few days. The intraseasonal
and interannual variability of the summer monsoon has
a tremendous socio-economic impact on India, espe-
cially in the fields of agriculture and health.

The seasonal wind reversal is associated with the
surface temperature contrast between the Indian con-
tinent and the Indian Ocean, caused by the different
responses of land and sea to solar heating, during April
and May. The onset of the monsoon over India involves
the establishment of a low pressure region called the
monsoon trough. A southeasterly wind from the south-
ern Indian Ocean crosses the equator and gets deflected
by the Earth’s rotation to become a southwesterly wind
flowing over India. Cloudiness and rainfall are usually
associated with low pressure regions such as the mon-
soon trough. The day-to-day rainfall in India is caused
by synoptic scale disturbances that vary in intensity,
increasing from a low to a depression to a cyclone. The
active and break periods are thought to be related to
where the monsoon trough is over India and to the
genesis and growth of the monsoon disturbances within
the trough.

The study of the summer monsoon, particularly
the rainfall in India, has a long history with long range
forecasts of seasonal rainfall being issued by the India
Meteorological Department (IMD) since the late 19th
century. A large network of rain gauge stations estab-
lished after the devastating droughts of 1877 and 1899
has continued to provide a long record of rainfall over
India. After the 1899 drought, Sir Gilbert Walker be-
came the Director-General of Observatories in India
and conducted systematic studies to provide advance
warning of floods and droughts by searching for pre-
dictors of seasonal Indian rainfall. While establishing
the correlation of the Indian rainfall with variables
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observed at various global locations, Walker (1923,
1924) discovered the Southern Oscillation, the North
Atlantic Oscillation and the North Pacific

Oscillation.
Walker’s view that the Indian monsoon is a global

phenomenon has been reinforced with the understand-
ing of various phenomena, such as the El Niño, and
their contribution to global climate variability.

For example, the Indian monsoon is known to have
a strong association with El Niño and the Southern
Oscillation (ENSO) events through ocean-atmosphere
interactions. Whether the monsoon influence ENSO or
ENSO influences monsoon is also of considerable re-
search interest. With similar relations with the Indian
Ocean, Eurasian snow and the climate of other parts of
the globe, the Indian monsoon is now understood to
be an integral part of the global climate system involv-
ing coupled atmosphere-land-ocean interactions
(Webster et al. 1998). It is also known that the mon-
soon exhibits variability even on interdecadal time scales
in association with other global climate variables.

The prediction of the monsoon rainfall and circu-
lation is crucial for India and definitely important for
other parts of the globe because of the monsoon’s rela-
tion with such components. With advances made in
dynamical prediction of weather and seasonal climate
using general circulation models (GCMs), the simula-
tion of monsoon by GCMs is an active area of research.
According to a hypothesis by Charney and

Shukla (1981), the seasonal monsoon rainfall over
India has potential predictability, because it is forced
by the slowly varying boundary conditions such as sea
surface temperature (SST), soil moisture, sea ice and
snow. However, the predictability of the Indian mon-
soon may depend on the relative contributions from
the internal dynamics of the monsoon system and the
influences of external forcings. This review is focused
on the summer monsoon over India, and discusses the
mean monsoon (section 2), the variability of monsoon
on intrase asonal, interannual and interdecadal time
scales and their mechanisms (section 3) and modeling
the monsoon for prediction (section 4).
The El Nino and La Nina Effect
1. The El Nino effect has been recognized as the most

important factor disturbing the world's climate.
2. The periodic extension along the Peruvian coast of

warm and saline equatorial current is called El

Nino effect.
3. This current replaces the cold Peru or Humboldt

Current and sea surface temperatures may increase
by 10 degree centigrade.

4. It appears every fourth or seventh year.
5. This has widespread effect on the world's climate

when the cold Peru or Humboldt Current fiows
off the Peruvian coast there is always high pres-
sure zone. it is centered around it in south Pacific.

6. At the same time there is always a low pressure
region centered around Indonesia and South East
Asia.

7. The appearance of warm ocean current off the Pe-
ruvian coast means that there will he low pressure
in the South Pacific Ocean and a simultaneously
high pressure zone centered around Indonesia
South East Asia.

8. Applying the simple principle that wind always
blows from high pressure to low pressure, it can
he shown that when there is normally cold cur-
rent fiowing (the Peru or Humboldt current) there
is high pressure zone resulting in anti-cyclonic cir-
culation. Thus the low pressure around Indonesia
and South East Asia invites wind from this direc-
tion and the long passage of this wind over water
mass makes it rain-laden. Subsequently we have
rainfall in these regions.

9. On the contrary, the low pressure associated with
the warming of the ocean current and consequent
high pressure over Indonesia and South East Asian
region inhibits any formation of cyclones and de-
pressions over Indonesia or Bay of Bengal. Not
only has the el nino an effect over this region but
it has disastrous consequences elsewhere, for ex-
ample as the water warms up it brings rainfall in
the otherwise dry region of Peru. The heavy rains
in the otherwise desert regions of Peru kills many
fishes as they are dependent on the plankton in
the cold water. So much hydrogen sulphide can be
released from rotting fish that it can blacken paint.
Floods occur in North America and drought in
Australia and parts of Africa.

Effect of El-Nino over India
1. Whenever, El Nino appears there is bound to be

arid condition in India.
2. In a total of 27 El Nino years since 1875 India ex-
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perienced at least 10 per cent less than normal rain-
fall 11 times.

3. On 15 other occasions when the Peruvian coast had
experienced the appearance of El Nino, rainfall has
been normal in India.

4. The interesting thing is that it never rained 10 per
cent of what its normal for India even once during
an El Nino year.

5. In 1979, the monsoon experiment (MONEX), the
largest of its kind involving 140 nation saw the
discovery of the dramatic bursts of energy over
Indian west coasts just before rains. But eight years
later they are still to find a satisfactory explana-
tion. They now believe that Tibet holds the clue
for many of the unexplained phenomena.

Effect of La Nina over India
La Nina refers to the intense cooling of the Peru-

vian current. This further leads to the intensification
of the high pressure and an increased gradient that
causes the winds to blow from Peruvian coast to South
and South East Asia Causing heavy rainfall.
Mechanisms

It has not been clearly established whether the
occurrences of active and break phases of the monsoon
rainfall are a manifestation of some form of dynamical
instability of the mean monsoon flow or a mere indica-
tor of the formation, growth and propagation of mon-
soon depressions and/or north - south displacement
of the monsoon trough. The rainfall over India on a
particular day is related to the synoptic scale distur-
bances, convergence zones and the interaction of the
monsoon flow with orography. The frequency, inten-
sity, life cycle and propagation characteristics of the
monsoon disturbances determine the regional distri-
bution of rainfall (Shukla 1987). During break periods,
there is hardly any generation of monsoon disturbances.
In intensity, the monsoon disturbances range from a
low to a depression to a cyclone. Sikka (1980) found
that there was no variation in the number of monsoon
depressions between strong and weak monsoon years.
However, he found more monsoon lows during strong
years than in weak years and concluded that a higher
number of lows means greater instability of the mon-
soon trough.

The spatial and temporal variations of the mon-
soon trough, or the tropical convergence zone (TCZ)
as it is sometimes called, are related to the genesis,

growth and propagation of the monsoon disturbances
embedded in it. The break period in the rainfall is as-
sociated with the monsoon trough moving north and
with the strengthening of the convergence zone over
the south of India in the equatorial region. Two pos-
sible explanations have been provided for the transi-
tion to an active period of rainfall to occur. The revival
may happen due to the formation of disturbances over
the Bay of Bengal and subsequent westward move-
ment over India. The other possibility is the northward
movement of the convergence zone formed over the
equatorial Indian Ocean.

Sikka and Gadgil (1980) have presented observa-
tional evidence using satellite data of cloudiness to
suggest that the active phase is reestablished with the
northward propagation of the oceanic convergence zone
onto the Indian subcontinent. The active - break cycles
and their association with the fluctuations in the
strengths of the continental and oceanic TCZs have been
linked to 30 - 60 day intraseasonal oscillation (Yasunari
1979; Sikka and Gadgil 1980; Gadgil and Asha 1992).
Some studies (Yasunari 1979; Lau and Chan 1986; Singh
et al. 1992; Annamalai and Slingo 2001) have also noted
eastward propagation of convection associated with
the northward propagation of TCZ in the 30 - 60 day
time - scale, implying that the Madden - Julian Oscilla-
tion (MJO, Madden and Julian 1972) has an influence
on the active - break cycles of monsoon rainfall.
Annamalai and Slingo (2001) found that the 30 - 60 mode
is active during the onset phase of the monsoon but
shows less coherent propagation during the subsequent
summer months. The zonal propagation is found to be
more robust than the meridional propagation (Goswami
et al. 1998).

The 10 - 20 day mode is found to contribute less
than the 30

-60 day mode to the total intraseasonal variability
as revealed in their relative contributions to the con-
vective heating (Annamalai and Slingo 2001).

The 10 - 20 day mode has been associated with
westward propagating disturbances originating in the
west Pacific (Krishnamurti and Ardunay 1980). These
westward propagating events are also seen to be re-
sponsible for the reestablishment of the active mon-
soon phase after a break phase by the genesis of the
disturbances within the monsoon zone. Annamalai and
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Slingo (2001) have suggested that the 10 - 20 day mode
is more regional in character with influence over the
local Hadley circulation.
Monsoon Variability

The Indian monsoon exhibits large variations on
intraseasonal to interannual and interdecadal time
scales. These are manifested in many features of the
monsoon including rainfall and circulation variables.

The monsoon variability on different time scales
and the factors responsible for such variations are dis-
cussed in this section. The mechanisms include inter-
nal dynamics, the influences of land and ocean vari-
ability and teleconnections to climate variability in other
regions. The relation between the variability on dif-
ferent time scales is relevant to the predictability of
monsoon.
Intra-seasonal variability

The most remarkable character of the subseasonal
variability of rainfall over India is the occurrence of
active periods with high rainfall over central India and
break periods with weak or no rainfall over central
India and high rainfall over northern and southeast-
ern India, each phase lasting for a fe

w days. Ramamurthy (1969) conducted an exhaus-
tive analysis of the daily rainfall over India and re-
lated the active periods to occur when the monsoon
trough is over the northern plains and the break peri-
ods to when it is over the foothills of the Himalayas.
Sikka and Gadgil (1980) have suggested that the mon-
soon trough waxes, wanes and fluctuates in the region
north of 15° N during the peak monsoon months.
Interannual Variability

Although the summer monsoon over India occurs
regularly during JJAS, the year-to-year variation of the
seasonal mean monsoon is quite considerable and has
a major impact on India. The interannual variability of
the seasonal monsoon is nonperiodic, and may result
from the inherent atmospheric dynamics that is non-
linear. The variability of a nonlinear system can be
nonperiodic even if the forcing is constant.

The internal atmospheric dynamics includes insta-
bilities in the form of synoptic scale disturbances, non-
linear interactions among various scales of motion, to-
pographic and thermal forcings. Shukla (1987) has pro-
vided a discussion of some these processes involved in
the monsoon variability.

The interannual variability of the monsoon can be
further influenced by the slowly varying forcings such
as SST, soil moisture, sea ice and snow at the surface
(Charney and Shukla 1981). These global boundary
forcings can modify the location and intensity of heat
sources and circulation such as Hadley and Walker cir-
culations in the tropics. Understanding the influences
of these boundary forcings is important to establish
the relation between the monsoon variability and other
global climate variability. It is also known that the mon-
soon may have teleconnections with the climate of re-
mote locations such as Africa and the Atlantic Ocean.
The strength of the seasonal monsoon in a particular
year may depend on the relative contributions from
the internal dynamics and external forcings.
Variability of summer monsoon

The most widely used measure of the intensity of
the planetary scale monsoon over India is the seasonal
mean rainfall spatially averaged over India. The In-
dian monsoon rainfall (IMR) index is defined as the
area-weighted average of rainfall observed at well-dis-
tributed rain gauge stations all over India. A long record
of the monthly mean and seasonal mean IMR index
has been prepared by Parthasarathy et al.(1994, 1995)
on the basis of observations at a network of 306 homo-
geneously distributed stations. Although about 2000-
5000 rain gauge stations have existed all over India since
the late 19th century, Parthasarathy et al. (1994) care-
fully selected the 306 stations covering each district (a
small administrative area) in the plains regions of In-
dia. Appropriate area weights have been assigned to
the rainfall at each station.
Climatic types (Koppen and Trewartha)

Köppen climate classification is one of the most
widely used climate classification systems. It was first
published by Russian German climatologist Wladimir
Koppen in 1884, with several later modifications by
Koppen himself, notably in 1918 and 1936. Later, Ger-
man climatologist Rudolf Geiger collaborated with
Koppen on changes to the classification system, which
is thus sometimes referred to as the Köppen–Geiger
climate classification system.
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In the 1960s the Trewartha climate classification
system was considered a modified Köppen system that
addressed some of the deficiencies (mostly that the
middle latitude climate zone was too broad) of the
Koppen system.

The system is based on the concept that native
vegetation is the best expression of climate. Thus, cli-
mate zone boundaries have been selected with vegeta-
tion distribution in mind. It combines average annual
and monthly temperatures and precipitation, and the
seasonality of precipitation.
1. Monsoon type with short dry season (Amw)
2. Monsoon type with dry season in summers (As)
3. Tropical savannah type (Aw)
4. Semi-arid steppe climate (Bshw)
5. Hot desert type (Bwhw)
6. Monsoon type with dry winters (Cwg)
7. Cold-humid winter type with short summers (Dfc)
8. Polar type (E)
Trewartha climate classification

The Trewartha climate classification is a climate
classification system published by American geogra-
pher Glenn Thomas Trewartha in 1966, and updated
in 1980.

It is a modified version of the 1899 Köppen sys-
tem, created to answer some of the deficiencies of the
Köppen system. The Trewartha system attempts to
redefine the middle latitudes to be closer to vegeta-
tion zoning and genetic climate systems. It was con-
sidered a more true or "real world" reflection of the
global climate. For example, under the standard Köppen
system, western Washington and Oregon are classed
into the same climate zone as Southern California, even
though the two regions have strikingly different
weather and vegetation. Another example was classi-
fying cities like New York in the same climate group as
Brisbane or New Orleans, despite great differences in
seasonal temperatures and native plant life.

Trewartha's modifications sought to reclass the
middle latitudes into three groups: C (subtropical)—8
or more months have a mean temperature of 10 °C (50
°F) or higher; D (temperate)—4 to 7 months have a
mean temperature of 10 °C or higher; E (boreal or sub-
arctic)—1 to 3 months have a mean temperature of 10
°C or higher; and F (Polar) have all months with a mean
temperature below 10 C.

G.T. Trewartha modified the climatic classification
of Koppen in 1954. His classification of climate is em-
pirical, based on the temperature and precipitation data.
He also used English alphabets as the symbols to show
the different types of climate. His scheme, applied to
India, divides the country into four major climatic re-
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gions which are further sub-divided into seven meso-
climatic divisions
1. The Tropical Rainy Climate (Am): The mean an-

nual temperature in this climate is about 27°C and
the mean annual rainfall exceeds 250 cm. The West-
ern Ghats and the state of Tripura exhibit this type
of climate.

2. The Tropical Savannah Climate (Aw): In this cli-
matic type, the mean annual temperature remains
around 27°C. The mean annual rainfall is less than
100 cm. It has a marked dry season. The greater
parts of the Peninsular India, excluding the coastal
plains and the western slopes of the Western
Ghats, have been included in this climate type.

3. The Tropical Steppe Climate (BSw): The mean an-
nual temperature in this climatic zone is about 27°C.
It covers peninsular India east of the Western
Ghats. In fact, it is the rain-shadow area of the
Western Ghats including parts of Maharashtra,
Andhra Pradesh, Karnataka, and Tamil Nadu.

4. The Sub-tropical Steppe Climate (BSh) : This is a
semi-arid climate stretching over parts of Gujarat,
eastern Rajasthan, Maharashtra, Andhra Pradesh,
and southern Haryana. The mean annual temper-
ature in this climatic region is over 27°C, though
the mean monthly January temperature reads only
about 15°C. The annual range of temperature is
significantly high. The mean annual rainfall varies
between 60 to 75 cm.

5. The Tropical Arid Climate (BWh) : It lies to the
west of the Aravallis, stretching over the Thar
Desert. The mean maximum temperature during
the months of May and June occasionally crosses
48°C. The mean annual rainfall is less than 25 cm.
The lowest rainfall in the country is recorded in
this climate in the district of Ganganagar. Conse-
quenty, the natural vegetation is in the form of
thorny bushes.

6. The Humid Sub-tropical Climate (Caw) : This cli-
mate occupies the greater parts of the Great Plains
of India, stretching from Punjab to Assam. The
mean January temperature for the coldest month
of January is less than 18°C, while the mean maxi-
mum in the summer season may cross 45°C. The
average annual rainfall varies from 250 cm in the
east to only about 65 cm in the west.

7. The Humid Mountain Climate (Dwb): This climate

is found in the hilly parts of the states of Jammu
and Kashmir, Himachal Pradesh, Uttarakhand,
Arunachal Pradesh, and the other hilly parts of
north-east India. In this climate, the average tem-
perature for the summer season reads around 17°C,
while the average January temperature is general-
ly around 8°C. The average temperature of all the
months is however, closely influenced by the to-
pographical features and slope. In general, the rain-
fall decreases from east to west. The Western Hi-
malayas record some amount of rainfall from the
western distur-bances during the winter season.

Green Revolution and its impact on major crops
of India

The world's worst recorded food disaster occurred
in 1943 in British-ruled India. Known as the Bengal
Famine, an estimated 4 million people died of hunger
that year in eastern India (which included today's
Bangladesh). Initially, this catastrophe was attributed
to an acute shortfall in food production in the area.
However, Indian economist Amartya Sen (recipient of
the Nobel Prize for Economics, 1998) has established
that while food shortage was a contributor to the prob-
lem, a more potent factor was the result of hysteria
related to World War II, which made food supply a
low priority for the British rulers.

When the British left India in 1947, India contin-
ued to be haunted by memories of the Bengal Famine.
It was therefore natural that food security was one of
the main items on free India's agenda. This awareness
led, on one hand, to the Green Revolution in India and,
on the other, legislative measures to ensure that busi-
nessmen would never again be able to hoard food for
reasons of profit.

The Green Revolution, spreading over the period
from1967/68 to 1977/78, changed India’s status from a
food-deficient country to one of the world's leading
agricultural nations. Until 1967 the government largely
concentrated on expanding the farming areas. But the
population was growing at a much faster rate than food
production. This called for an immediate and drastic
action to increase yield. The action came in the form of
the Green Revolution. The term ‘Green Revolution’ is
a general one that is applied to successful agricultural
experiments in many developing countries. India is one
of the countries where it was most successful.

The area of land under cultivation was being in-
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creased from 1947 itself. But this was not enough to
meet the rising demand. Though other methods were
required, the expansion of cultivable land also had to
continue. So, the Green Revolution continued with this
quantitative expansion of farmlands.

Double cropping was a primary feature of the
Green Revolution. Instead of one crop season per year,
the decision was made to have two crop seasons per
year. The one-season-per-year practice was based on
the fact that there is only one rainy season annually.
Water for the second phase now came from huge irri-
gation projects. Dams were built and other simple irri-
gation techniques were also adopted.

Using seeds with superior genetics was the scien-
tific aspect of the Green Revolution. The Indian Coun-
cil for Agricultural Research (which was established
by the British in 1929) was reorganized in 1965 and
then again in 1973. It developed new strains of high
yield variety seeds, mainly wheat and rice and also
millet and corn.

The Green Revolution was a technology package
comprising material components of improved high
yielding varieties of two staple cereals (rice and wheat),
irrigation or controlled water supply and improved
moisture utilization, fertilizers, and pesticides, and as-
sociated management skills.

Benefits
Thanks to the new seeds, tens of millions of extra

tonnes of grain a year are being harvested.
The Green Revolution resulted in a record grain

output of 131 million tonnes in 1978/79. This estab-
lished India as one of the world's biggest agricultural
producers. Yield per unit of farmland improved by
more than 30% between1947 (when India gained po-
litical independence) and 1979. The crop area under
high yielding varieties of wheat and rice grew consid-
erably during the Green Revolution.

The Green Revolution also created plenty of jobs
not only for agricultural workers but also industrial
workers by the creation of related facilities such as fac-
tories and hydroelectric power stations.

Shortcomings
In spite of this, India's agricultural output some-

times falls short of demand even today. India has failed
to extend the concept of high yield value seeds to all
crops or all regions. In terms of crops, it remains largely
confined to foodgrains only, not to all kinds of agri-

cultural produce.
In regional terms, only the states of Punjab and

Haryana showed the best results of the Green Revolu-
tion. The eastern plains of the River Ganges in West
Bengal also showed reasonably good results. But re-
sults were less impressive in other parts of India.

The Green Revolution has created some problems
mainly to adverse impacts on the environment. The
increasing use of agrochemical-based pest and weed
control in some crops has affected the surrounding
environment as well as human health. Increase in the
area under irrigation has led to rise in the salinity of
the land. Although high yielding varieties had their
plus points, it has led to significant genetic erosion.
Food scarcity

India is now facing an acute shortage of food. In-
dian soil is unable to feed her growing population, for
which huge quantities of food grains are imported from
the foreign countries like U.K., U.S.A., Australia and
Burma.

Consequently, great amount of Indian wealth is
drained away to the other parts of the world leaving
India in abject poverty and excessive misery.

Cause of food shortage of India
The following are the principle causes of food-

shortage in our country.
 Want of improved methods of cultivation through

science and technology.
 Poverty and ignorance of Indian formers.
 Tillers are not in feasts and picnics.
 Wastage of food in feasts and picnics.
 Wastage of food in wrong process of cooking.
 Wastage of food for ignorance of preserving meth-

od.
 Want of cold storage facility.
 Defective food habit.
 Dishonesty of dealers.
 Excessive growth of population.

How to solve the food problem of India
The following are the possible remedies to eradi-

cate the Indian food problem.
 Introduction of improved method of cultivation

based on science and technology.
 Improvement of financial and educational status

of the Indian cultivators.
 Attracting educated people to the profession of

cultivation.
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 Provision of water-pipes, electricity, insecticides,
fertilizer and research work for agriculture.

 Mechanization of agriculture.
 Equitable land-reform.
 To refrain from holding feast and picnics in order

to check the possible wastage of food.
 To know the proper method of dressing and cook-

ing in order to check the wastage of food.
 To know the method of food preservation in or-

der to save the perishable foods from wastage.
 Provision of cold storage in every village and re-

frigerator in every household.
 Changing food habit on everybody’s part.

 Family-Planning through birth control.
Natural Vegetation-Forest types and distribu-
tion, wild life, conservation, biosphere reserves

Natural vegetation are gifts of nature. They grow
naturally. They follow the climatic variables. Due to a
variety of climates, a wide range of natural vegetation
grows in India. Types of natural vegetation vary ac-
cording to climate, soil and altitude. A study of the
distribution of the forests in India reveals that there is
a marked relation between the rainfall zones and their
belts of natural vegetation.
Types of Natural Vegetation
 Tropical Wet Evergreen Forests : In areas over

250cm rainfall. In Western Ghats, hilly areas in N.E.
India and Andaman and Nicobar Islands. Trees
are rosewood, shisham, ebony, ironwood, etc.

 Tropical Moist Deciduous Forests : In areas hav-
ing rainfall between 100 - 200 cm. In peninsular
region and along the foothills of Himalayas in Shiv-
aliks, Bhabhar and Tarai.
The trees of these forests drop their leaves for
about 6-8 weeks during the spring and early sum-
mer when sufficient moisture isn't available.
Trees are teak, sal, bamboo, sandalwood, rose-
wood, etc.

 Thorn Forests : In areas having rainfall between 25
and 80cm. In arid regions of Rajasthan, Punjab,
Haryana and Gujarat. Trees are palm, acacia, etc.

 Hill Forests : In hills of S.India and the Himalayas.
The type of trees depends upon the height of the
mountain : Sal and bamboo below 1000 m; oaks,
chestnuts and other fruit trees, and chir forests
between 1000 and 2000 m; pine, deodar, silver fern

and spruce between 1600 and 3300 m; above 3600
m alpine forests with trees like silver firs, pines,
birches, etc. Alpine forests give way to Alpine
grasslands and scrubs as we move up further.

 Tidal or Mangrove Forests : Also known as Lit-
toral or Swamp Forests. Occur along the sea coast
and in the estuaries of rivers, especially in Sunder-
bans and the Andamans. Most important tree is
Sundari. It provides hard and durable timber which
is used for construction and building purposes as
well as for making boats.
According to the National Forest Policy, the mini-

mum desired area which is considered safe for a tropi-
cal country like India is about 33%.

Madhya Pradesh has the largest area under for-
ests followed by Maharashtra, Andhra Pradesh, Orissa
and Arunachal Pradesh.

 As per percentage of forest area to total area, first
is Andaman and Nicobar Islands, followed by
Mizoram, Manipur, Himachal Pradesh, Arunachal
Pradesh, Tripura and Nagaland. They are in a very
comfortable position as more than half of their area is
under forests.

Arunachal Pradesh has the highest per capita for-
est area.

In Mangrove forests, West Bengal holds the first
position, followed by Gujarat and Andaman and
Nicobar Islands.

The lowest forest percentage is in Haryana and
Punjab, because of the extensive agriculture.
Wildlife conservation

Wildlife conservation is the practice of protecting
wild plant and animal species and their habitats. The
goal of wildlife conservation is to ensure that nature
will be around for future generations to enjoy and also
to recognize the importance of wildlife and wilderness
for humans and other species alike. Many nations have
government agencies and NGO's dedicated to wildlife
conservation, which help to implement policies de-
signed to protect wildlife. Numerous independent non-
profit organizations also promote various wildlife con-
servation causes.

Wildlife conservation has become an increasingly
important practice due to the negative effects of hu-
man activity on wildlife. The science of extinction is
called dirology. An endangered species is defined as a
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population of a living species that is in the danger of
becoming extinct because of several reasons.Some of
The reasons can be, that 1. the species have a very low
population, or 2. they are threatened by the varying
environmental or prepositional parameters.
Biosphere Reserves in India

 The biosphere reserve program was launched by
the UNESCO in 1971 under the aegis of its Man and
Biosphere (MAB) Program, to provide a global net-
work of protected areas for conserving natural com-
munities.

In India, the first biosphere reserve - Nilgiri bio-
sphere reserve - came into being in 1986. So far, 14
biosphere reserves have been set up in the country.
 Nilgiri (Western Ghats)
 Similipal (Orissa)
 Nanda Devi (Uttarakhand)
 Dibru-Daikhowa (Asom)
 Nokrek (Meghalaya)
 Dehong Dabang (Arunachal Pradesh)
 Manas (Asom)
 Sunderbans (West Bengal)
 Kanchanjunga (Sikkim)
 Gulf of Mannar (Tamil Nadu)
 Agastyamalai (Kerala)
 Great Nicobar (Andaman and Nicobar Islands)

Achaanak maar-Amarkantak (Madhya Pradesh)
Out of these 14, Nilgiri, Sunderbans, Manas and

Gulf of Mannar have been recognized on World Net-
work of Biosphere Reserves by UNESCO.
Project Tiger

It was launched on April 1, 1973 to ensure mainte-
nance of viable population of the tigers in India.

There are 29 tiger reserves in the country:
Name of Tiger Reserve State
Bandipur Karnataka
Corbett Uttarakhand
Kanha Madhya Pradesh
Manas Asom
Melghat Maharashtra
Palamau Jharkhand
Ranthambhore Rajasthan
Similipal Orissa
Sunderbans West Bengal
Periyar Kerala
Sariska Rajasthan

Buxa West Bengal
Indravati Chattisgarh
Nagariunsagar Andhra Pradesh
Namdapha Arunachal Pradesh
Dudhwa Uttar Pradesh
Kalakad-Mundanthurai Tamil Nadu
Valmiki Bihar
Pencil Madhya Pradesh
Tadoba-Andhari Maharashtra
Bandhavgarh Madhya Pradesh
Panna Madhya Pradesh
Dampha Mizoram
Bhadra Karnataka
Pench Maharashtra
Pakhui-Nameri Arunachal Pradesh-Asom
Bori, Satpura, Pachmari Madhya Pradesh
Nagarhole Karnataka
Katarniaghat Uttar Pradesh
Nameri Asom
Kaziranga Asom
Note :

 Nagarjunasagar Tiger Reserve in AP is the largest, while
Pench in Maharashtra is the smallest. Bandipur in Kar-
nataka was the first (1973-74), while Kaziranga is the
latest (2006).

Project Elephant
 It was launched in February 1992, to assist States

having wild elephants to ensure long term surviv-
al of identified viable populations of elephants in
their natural habitat.

 There are 14 Elephant Reserves in India.
Deforestation in India

The basic reasons of deforestation are the follow-
ings :
(1) Expansion of Agriculture : With increase in the

demands for agricultural products, more and more
land is brought under cultivation for which for-
ests are destroyed, grasslands ploughed, uneven
grounds, leveled, marshes drained and even land
water is reclaimed. Such an expansion is marked
with more ecological destruction. In tropical re-
gions of the world, as much of the mineral materi-
al is lodged in the plant biomass, its removal takes
away large part of nutrients. The soil becomes
poorest thus is unable to support farming for long
duration.
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(2) Shifting Cultivation : Shifting cultivation is con-
sidered to be another cause for deforestation. In
fact shifting cultivation has occurred due to poor
fertility of the soil. In this cultivation a small patch
of tropical forests is cleared, vegetation, destroyed
and burned. Crops are grown as long as the soil is
productive, after which the cultivation is aban-
doned, and a cultivations move on to fresh patch
of land.
The abandoned land is allowed to lay as such for
long periods during which regret of vegetation
took place and natural ecosystem was restored,
shifting cultivations thus worked in harmony with
nature. The soil is unable to regain its fertility be-
fore it is put to use again. This causes degradation
of soil and failure of crops after crops. As crops
fail more and more land is cleared of forests to be
put to similar over exploitation. The overall result
is that green forests are being gradually replaced
by barren waste land.

(3) Fire Wood Collection : Majority of rural popula-
tions as well as larger number of people living in
small towns and cities of developing countries, the
only fuel is wood, which's burned to cook food
and provide heat in chilly winters. Fire wood col-
lection contributes much to the depletion of tree
cover. Denser forests usually produced a lot of
combustible material in the form of dead twigs,
leaves etc.
There is hardly any need of cutting down live trees
in densely wooded localities. However in case of
lightly wooded forests, where the pressure de-
mands is usually higher, a slow thinning of wood
lands occurs due to regular foraging of villagers.
However, the dead woods is actually manufac-
tured, trees are axed their barks girdled and live
trees became personal head loads to find their way
to local markets.

(4) Timber Harvesting : Timber resource is an impor-
tant asset for the prosperity of county. Commer-
cial wood is found ready in national as well as in-
ternational markets. According to natural forests
are being exploited logging or felling of forest trees
for obtaining timber is an important cause of de-
forestation.
Live trees with thick and straight trunks are filled

and transported to commercial establishments else-
where to consumers. In this process large stretch-
es of forests are damaged. The profits from tim-
ber trade are more enjoyed by Governments, large
companies or affluent contractors, local people get
a tiny share in the benefits while axing their own
resource base.

(5) Extension of Cultivation on Hill Slopes : Though
agriculture has always been concentrated on planes
and floors of valleys farming on narrow flat steps
cut one after another across the slope or terrace
farming is an age old practice. The ever rushing
human numbers and their necessities have forced
many to go up the mountains slopes for cultiva-
tion. More and more slopes are cleared of plants,
steps carved out and against many ads cultivation
is attempted. After a few crops the productivity
declines.

(xiv) Major types of Soils. (ICAR classification)
and their distribution

Indian Council of Agricultural Research (ICAR) has
divided Indian soils into eight major groups:
Alluvial Soil in India

They are by far the largest and the most impor-
tant soil group of India. They are composed of sedi-
ments deposited by rivers and the waves. Their chemi-
cal composition makes them one of the most fertile in
the world. Usually deficient in nitrogen and humus (thus
fertilizers are needed).

Occupy the plains (from Punjab to Assam) and also
occur in the valleys of Narmada and Tapti in M.P. &
Gujarat, Mahanadi in the MP and Orissa, Godawari in
A.R and Cauvery in T.N.

Can be divided into Khadar (new) and Bhangar
(older, more clayey and kankary) alluvium.
Black Soil in India

 Also called Regur and is ideal for cotton crop.
These soils have been formed due to the solidification
of lava spread over large areas during volcanic activ-
ity in the Deccan Plateau, thousands of years ago.

They are black due to compounds of iron and alu-
minium (also because of titaniferous magnetite).

Mainly found in Deccan Plateau - Maharashtra,
Gujarat, M.P, Karnataka, Andhra Pradesh, Tamil Nadu.

Apart from cotton cultivation, these fertile soils
are suitable for growing cereals, oilseeds, citrus fruits
and vegetables, tobacco and sugarcane.



GEOGRAPHY OF INDIA

DOWNLOADED from https://www.developindiagroup.co.in/ 18

They have high moisture retention level. Lack in
phosphorus, nitrogen and organic matter.
Red Soil in India

They are mainly formed due to the decomposi-
tion of ancient crystalline rocks like granites and
gneisses and from rock types rich in minerals such as
iron and magnesium. The term 'red soil' is due to the
wide diffusion of iron oxides through the materials of
the soil.

Covers almost the whole of Tamil Nadu,
Karnataka, Andhra Pradesh, S.E. Maharashtra,
Chhatisgarh, parts of Orissa, Jharkhand and
Bundelkhand.

Generally deficient in nitrogen, humus and phos-
phorus, but rich in potash.

Suitable for rice, millets, tobacco and vegetables
(also groundnuts and potatoes at higher elevations).
Laterite Soil in India

Found in typical monsoon conditions - under con-
ditions of high temperature and heavy rainfall with
alternate wet and dry periods. The alterations of wet
and dry season leads to the leaching away of siliceous
matter and lime of the rocks and a soil rich in oxides of
iron and aluminium compounds is left behind.

Found in parts of Western Ghats, Eastern Ghats,
Rajmahal hills, Maharashtra, Karnataka, Kerala, Orissa,
West Bengal, Assam, Tamil Nadu, etc.

Poor in nitrogen and minerals.
Best for tea, coffee, rubber, cinchona, coconut and

suitable for rice and millet cultivation if manured.
Forest and Mountain Soils

Such soils are mainly found on the hill slopes cov-
ered by forests. The formation of these soils is mainly
governed by the characteristic deposition of organic
matter derived from forest growth.

In the Himalayan region, such soils are mainly
found in valley basins, depressions and less steeply
inclined slopes. Apart from the Himalayan region, the
forest soils occur in higher hills in south and the penin-
sular region.

Very rich in humus but are deficient in Potash,
phosphorous and lime and needs fertilizers.

Plantation of tea, coffee, spices and tropical fruits.
Arid and Desert Soils

A large part of the arid and semi-arid region in
Rajasthan and adjoining areas of Punjab and Haryana

lying between the Indus and the Aravallis receiving
less than 50 cm of annual rainfall is affected by desert
conditions.

This area is covered by a mantle of sand which
inhibits soil growth.

The phosphate content of these soils is as high as
in normal alluvial soils. Nitrogen is originally low but
its deficiency is made up to some extent by the avail-
ability of nitrogen in the form of nitrates. Thus the pres-
ence of phosphates and nitrates make them fertile soils
wherever moisture is available.

The changes in the cropping pattern in the Indira
Gandhi Canal Command Area are a living example of
the utility of the desert soils.
Saline and Alkaline Soils

In the drier parts of Bihar, Up Haryana, Punjab,
Rajasthan and Maharashtra, are the salt-impregnated
or alkaline soils. Known by different names: Reh, kallar,
USAR, etc.

Some of the salts are transported in solution by
the rivers and canals, which percolates in the sub-soils
of the plains.

The accumulation of salts makes the soil infertile
and renders it unfit for agriculture.
Peaty and Marshy Soils

Originate in the humid regions as a result of accu-
mulation of large amounts of organic matter in the soil.
They contain considerable amounts of soluble salts and
10 - 40% of organic matter.

Peaty soils are found in Kottayam and Alappuzha
districts of Kerala, where it is called Kari.

Marshy soils, high in vegetable matter, are found
in northern Bihar, coastal parts of Orissa, Tamil Nadu
and West Bengal and parts of UP.
Soil degradation and conservation

Soil retrogression and degradation are two regres-
sive evolution processes associated with the loss of
equilibrium of a stable soil. Retrogression is primarily
due to erosion and corresponds to a phenomenon where
succession reverts back to pioneer conditions (such as
bare ground). Degradation is an evolution, different
from natural evolution, related to the local climate and
vegetation. It is due to the replacement of primary plant
communities(known as climax) by the secondary com-
munities. This replacement modifies the humus com-
position and amount, and affects the formation of the
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soil. It is directly related to human activity. Soil degra-
dation may also be viewed as any change or distur-
bance to the soil perceived to be deleterious or unde-
sirable.

Soil Erosion in India is amongst the leading areas
of concern for the Government of India. It affects cul-
tivation and farming in the country in adverse and
unfavorable ways. Soil erosion leads to deprivation of
physical characteristics of soils and damages plant and
crops. In India almost 130 million hectares of land, that
is, 45 % of total geographical surface area, is affected
by serious soil erosion through gorge and gully, shift-
ing cultivation, cultivated wastelands, sandy areas,
deserts and water logging. Soil erosion by rain and
river that takes place in hilly areas causes severe land-
slides and floods, while cutting trees for agricultural
implements, firewood and timber; grazing by a large
number of livestock over and above the carrying ca-
pacity of grass lands, traditional agricultural practices,
construction of roads, indiscriminate quarrying and
other activities, have all led to the opening of hill-faces
to extreme soil erosion.

Wind erosion causes development of deserts, dust,
storms, whirlwinds and destruction of crops, while
moving sand covers the land and makes it sterilised.
Excessive soil erosion with resultant high rate of sedi-
mentation in the reservoirs and decreased fertility has
become solemn environmental problems for the coun-
try with disastrous economic consequences.

Soil Erosion in India Soil Erosion in Indian For-
ests

The different parts of the country, North, South;
East and West, have been affected by soil erosion at
different levels. The forests in the Southern zone are
least affected by soil erosion, while the rest of the ar-
eas are almost equally affected. The Southern Zones
have the best preserved forests in the country. The high-
est level of erosion is seen occurring in the Central Zone.
The Eastern Zone is the worst.

Problems of degradation in forests are diverse.
Some are general in nature occurring almost in all the
zones. Others are confined to specific physiographic
conditions or in particular geological formations or are
connected with definite weather parameters. North-
ern and Central zones have almost identical patterns
in the soil eroding and bio-degrading forces. Eastern
zone suffers from shifting cultivation and excessive

rainfall. Western zone suffers due to aridity. Southern
zone suffers from general problems related to aridity,
low productivity and shallow soil depth. Major chunk
of soil eroded areas, however, come from agriculture
and other land uses.

Types of Soil Erosion in India
There are numerous causes that lead to various

types of soil erosion in India, such as natural factors,
like wind and water and artificial factors like defores-
tation, mining etc. the different types of soil erosion in
India are Normal or Geologic Erosion, Accelerated Soil
Erosion, Wind Erosion, Water Erosion, Sheet Erosion,
Gully Erosion, Landslides or Slip Erosion and Stream-
Bank Erosion.

Effects of Soil Erosion in India
Soil erosion results in huge loss of nutrients in sus-

pension or solution, which are washed away from one
place to another, thus causing depletion or enrichment
of nutrients. Besides the loss of nutrients from the top-
soil, there is also degradation through the creation of
gullies and ravines, which makes the land inappropri-
ate for agricultural production. Subsidence of the land
in some areas and landslides in the hilly regions are
problems that have an effect on highways, habitations
and irrigation dams.

Soil Erosion in India Soil erosion ruthlessly affects
agriculture which is the most important and widespread
occupation of the nation. Physical damage is the most
visible form of soil loss and most likely to be remedied.
Ironically, the most damaging of all is the rainfall, when
the water droplets hit the soil. From there on, the flow
of water causes sheet-wash, surface gullies, tunnels and
scours banks in rivers. In dry climates, wind blowing
is the main cause of soil erosion. The government is
trying out various procedures of soil conservation in
India to check the damages caused by this phenom-
enon.

Though soil erosion through natural agencies can
hardly be checked, artificial means like mining, defor-
estation and others are being strictly brought under
the umbrella of law and being stringently implemented.
Indian government is adopting adequate measures to
reduce the unpleasant effects of soil erosion in India.
Natural Hazards : Floods, Droughts, Cyclones,
Landslides

Natural disasters in India, many of them related
to the climate of India, cause massive losses of Indian



GEOGRAPHY OF INDIA

DOWNLOADED from https://www.developindiagroup.co.in/ 20

life and property. Droughts, flash floods, cyclones,
avalanches, landslides brought on by torrential rains,
and snowstorms pose the greatest threats. A natural
disaster might be caused by earthquakes, flooding,
volcanic eruption, landslides, hurricanes etc. In order
to be classified as a disaster it will have profound en-
vironmental effect and/or human loss and frequently
incurs financial loss. Other dangers include frequent
summer dust storms, which usually track from north
to south; they cause extensive property damage in
North India and deposit large amounts of dust from
arid regions. Hail is also common in parts of India,
causing severe damage to standing crops such as rice
and wheat.

Floods
Floods are the most common natural disaster in

India. The heavy southwest monsoon rains cause the
Brahmaputra and other rivers to distend their banks,
often flooding surrounding areas. Though they pro-
vide rice paddy farmers with a largely dependable
source of natural irrigation and fertilisation, the floods
can kill thousands and displace millions. Excess, erratic,
or untimely monsoon rainfall may also wash away or
otherwise ruin crops. Almost all of India is flood-prone,
and extreme precipitation events, such as flash floods
and torrential rains, have become increasingly common
in central India over the past several decades, coincid-
ing with rising temperatures. Mean annual precipita-
tion totals have remained steady due to the declining
frequency of weather systems that generate moderate
amounts of rain.

Droughts
Drought in India has resulted in tens of millions

of deaths over the course of the 18th, 19th, and 20th
centuries. Indian agriculture is heavily dependent on
the climate of India: a favorable southwest summer
monsoon is critical in securing water for irrigating In-
dian crops. In some parts of India, the failure of the
monsoons result in water shortages, resulting in be-
low-average crop yields. This is particularly true of
major drought-prone regions such as southern and east-
ern Maharashtra, northern Karnataka, Andhra Pradesh,
Odisha, Gujarat, Telangana and Rajasthan.

Impact of El Nino
All such episodes of severe drought correlate with

El Niño-Southern Oscillation (ENSO) events. El Niño-
related droughts have also been implicated in periodic

declines in Indian agricultural output. Nevertheless,
ENSO events that have coincided with abnormally high
sea surfaces temperatures in the Indian Ocean—in one
instance during 1997 and 1998 by up to 3 °C (5 °F)—
have resulted in increased oceanic evaporation, result-
ing in unusually wet weather across India. Such anoma-
lies have occurred during a sustained warm spell that
began in the 1990s. A contrasting phenomenon is that,
instead of the usual high pressure air mass over the
southern Indian Ocean, an ENSO-related oceanic low
pressure convergence center forms; it then continually
pulls dry air from Central Asia, desiccating India dur-
ing what should have been the humid summer mon-
soon season. This reversed air flow causes India's
droughts. The extent that an ENSO event raises sea
surface temperatures in the central Pacific Ocean influ-
ences the degree of drought. Around 43 per cent of El
Niño events are followed by drought in India.

Cyclones
Intertropical Convergence Zone, may affect thou-

sands of Indians living in the coastal regions. Tropical
cyclogenesis is particularly common in the northern
reaches of the Indian Ocean in and around the Bay of
Bengal. Cyclones bring with them heavy rains, storm
surges, and winds that often cut affected areas off from
relief and supplies. In the North Indian Ocean Basin,
the cyclone season runs from April to December, with
peak activity between May and November. Each year,
an average of eight storms with sustained wind speeds
greater than 63 kilometres per hour (39 mph) form; of
these, two strengthen into true tropical cyclones, which
have sustained gusts greater than 117 kilometres per
hour (73 mph). On average, a major (Category 3 or
higher) cyclone develops every other year.

During summer, the Bay of Bengal is subject to
intense heating, giving rise to humid and unstable air
masses that produce cyclones. Many powerful cyclones,
including the 1737 Calcutta cyclone, the 1970 Bhola cy-
clone, the 1991 Bangladesh cyclone and the 1999 Odisha
cyclone have led to widespread devastation along parts
of the eastern coast of India and neighboring
Bangladesh. Widespread death and property destruc-
tion are reported every year in exposed coastal states
such as Andhra Pradesh, Orissa, Tamil Nadu, and West
Bengal. India's western coast, bordering the more
placid Arabian Sea, experiences cyclones only rarely;
these mainly strike Gujarat and, less frequently, Kerala.
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In terms of damage and loss of life, Cyclone 05B, a
supercyclone that struck Orissa on 29 October 1999,
was the worst in more than a quarter-century. With
peak winds of 160 miles per hour (257 km/h), it was
the equivalent of a Category 5 hurricane. Almost two
million people were left homeless; another 20 million
people lives were disrupted by the cyclone. Officially,
9,803 people died from the storm; unofficial estimates
place the death toll at over 10,100.

Landslides
Landslides are common in the Lower Himalayas.

The young age of the region's hills result in labile rock
formations, which are susceptible to slippages. Rising
population and development pressures, particularly
from logging and tourism, cause deforestation. The
result is denuded hillsides which exacerbate the sever-
ity of landslides; since tree cover impedes the down-
hill flow of water. Parts of the Western Ghats also suf-
fer from low-intensity landslides. Avalanches occur-
rences are common in Kashmir, Himachal Pradesh, and
Sikkim.
Population growth, distribution and density

India’s population growth rate has decelerated to
17.64 per cent in the decade 2001-11, the slowest rate
of growth this past century, according to the first re-
sults of Census 2011 put out by the registrar-general of
census.

The decadal growth rate is a vital part of Census
operations. This gives an overview of the percentage
of total population growth in a particular decade.
Hence, it is termed as "Decadal Growth Rate". As per
the provisional report published during 31st March,
2011, India showed a decadal growth rate of 17.64 %
for the entire population as compared to 21.15 % in
Census 2001. The report says, during the last decade
of 2001 to 2011, population in India grew by 181 mil-
lion. The latest decadal growth rate in respect of adult
literacy stands at 9.21%.

The percentage of decadal growth in the nation,
for the first time, showed a decrease by 3.90 % since,
the present Census of India 2011 has registered the rate
to be 17.64 % from the rate of 21.54 % in the earlier
Census conducted in the year 2001. Among the total
decadal growth rate, the rural areas of India grew at
12.18 % whereas, the urban areas of the country grew
at the rate of 31.80 % in the last Census decade. The

state of Bihar showed the highest decadal growth rate
in between the years 2001 to 2011.
Population distribution

Population distribution means the pattern of where
people live. India’s population distribution is uneven.
Places which are sparsely populated contain few people.
Places which are densely populated contain many
people. Sparsely populated places tend to be difficult
places to live.
Population Density

Population density is a measurement of the num-
ber of people in an area. It is an average number. Popu-
lation density is calculated by dividing the number of
people by area. Population density is usually shown as
the number of people per square kilometer. The map
below is a choropleth (shading) map and illustrates
population density. The darker the colour the greater
the population density.

As per the provisional population totals of Census
2011, the population density of India has gone up to
382 persons per square kilometer from 325 persons per
square kilometer in 2011.
Age : Sex ratio, rural-urban composition

The age structure of a population refers to the
number of people in different age groups. A larger size
of population in the age group of 15-59 years indicates
the chances of having a larger working population. On
the other hand, if the number of children in the popu-
lation is high, the dependency ratio will be high. Simi-
larly, a growing population in the age group of 60 plus
indicates greater expenditure on the care of the aged.

There are three types of age structures, viz., (i)
the West European type in .which children constitute
less than 30 per cent, and 15 per cent of the population
are old; (ii) the North American type where 35-40 per
cent of the population are children and ten per cent,
old people; and (iii) the Brazilian type where 45-55 per
cent of the population are children, and old people con-
stitute only four-eight per cent of the total population.
The type of age structure has a direct influence on the
future of a nation, since both extremes, i.e., old age
dependency as well as young age dependency proves
to be a severe burden on the economy of a country.

Demographers use population pyramids to de-
scribe age distribution of populations. A population
pyramid is a bar chart/graph in which the length of
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each bar represents the number (or percentage) of per-
sons in an age group. We may take the youngest seg-
ment of the population at the base, and move on to the
older segments till the oldest comes at the top.

The principal factor contributing to a change in the
age distribution of a population is the rate of fertility:
a change in fertility affects the number of people in the
single age group of age zero, or the newly born. Hence
a decline or increase in fertility has a significant effect
at one end of the age distribution and can thereby in-
fluence the overall age structure. This means that youth-
ful age structures correspond to highly fertile popula-
tions, typical of developing countries. The older age
structures are those of low-fertility populations, more
common to the industrialised nations.

Sex Ratio in India
Sex ratio is used to describe the number of females

per 1000 of males. Sex ratio is a valuable source for
finding the population of women in India and what is
the ratio of women to that of men in India. In the Popu-
lation Census of 2011 it was revealed that the popula-
tion ratio in India 2011 is 940 females per 1000 of males.
The Sex Ratio 2011 shows an upward trend from the
census 2001 data. Census 2001 revealed that there were
933 females to that of 1000 males. Since decades India
has seen a decrease in the sex ratio 2011, but since the
last two of the decades there has been in slight increase
in the sex ratio. Since the last five decades the sex ratio
has been moving around 930 of females to that of 1000
of males.

The major cause of the decrease of the female birth
ratio in India is considered to be the violent treatments
meted out to the girl child at the time of the birth. The
Sex Ratio in India was almost normal during the phase
of the years of independence, but thereafter it started
showing gradual signs of decrease. Though the Sex
Ratio in India has gone through commendable signs of
improvement in the past 10 years, there are still some
states where the sex ratio is still low and is a cause of
concern for the NGO organizations. One of the states
which is showing a decreasing trend in the population
of women 2011 and is a cause of concern is Haryana.
The state of Haryana has the lowest rate of sex ratio in
India and the figure shows a number of 877 of females
to that of 1000 of males.

There are also states such as Puducherry and Kerala

where the number of women is more than the number
of men. Kerala houses a number of 1084 females to that
of 1000 males. While Puducherry and Kerala are the
only two states where the number of female is more
than the number of men, there are also states in India
like that of Karnataka, Andhra Pradesh and
Maharashtra where the sex ratio 2011 is showing con-
siderable signs of improvement. Some facts related to
the Sex Ratio in India follows, the main cause of the
decline of the sex ration in India is due to the biased
attitude which is meted out to the women. The main
cause of this gender bias is inadequate education.
Pondicherry and Kerala houses the maximum number
of female while the regions of Daman and Diu and
Haryana have the lowest density of female population.

Rural-Urban Composition
The division between rural and urban areas is sig-

nificant in terms of geographical distribution of popu-
lation. The percentage of rural population is higher in
farm-based agricultural countries, while industrially,
developed regions have higher share of urban popula-
tion.

According to the provisional data released by Cen-
sus India, these are some of trends of Urban and Rural
Population of India.

For the first time since Independence, the abso-
lute increase in population is more in urban areas that
in rural areas :
 Rural Population in India: 68.84%
 Urban Population in India :31.16%
 Level of urbanization increased from 27.81% in 2001

Census to 31.16% in 2011 Census
 The proportion of rural population declined from

72.19% to 68.84%
Population, environment and development

The relationship between the population and the
environment, and the human impact on the nature has
been permanently studied along the history. The con-
tinuous population growth, which has become espe-
cially intense from the Industrial Revolution on, has
been the main stimulus for the scholars to theorise about
the effects of the population on the environment, gen-
erally, and on the resources, particularly, but always
starting with different conceptual undergrounds.

Therefore, before continuing with the exposition,
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it is necessary to firstly give a general view on how
both concepts we are working with, i.e. population and
environment, have been defined.

Although there have been some exceptions, in most
of the studies the concept of population has been lim-
ited to the demographic growth, the increase of the
total population volume, without taking into account
other significant demographic variables, such as age/
sex structure, migration patterns, space distribution of
the population, mobility patterns or the connection of
the individuals with the activity.
Types of Settlements : rural and urban, Urban
morphology; functional classification of urban
settlements, Problems of human settlement in
India

Much of India’s rural population lives in nucleated
villages, which most commonly have a settlement form
described as a shapeless agglomerate. Such settlements,
though unplanned, are divided by caste into distinct
wards and grow outward from a recognizable core
area. The dominant and higher castes tend to live in
the core area, while the lower artisan and service castes,
as well as Muslim groups, generally occupy more pe-
ripheral localities. When the centrally located castes in-
crease in population, they either subdivide their exist-
ing, often initially large, residential compounds, add
second and even third stories on their existing houses
(a common expedient in Punjab), leapfrog over lower-
caste wards to a new area on the village periphery, or,
in rare cases where land is available, found a completely
new village.

Within the shapeless agglomerated villages, streets
are typically narrow, twisting, and unpaved, often end-
ing in culs-de-sac. There are usually a few open spaces
where people gather: adjacent to a temple or mosque,
at the main village well, in areas where grain is threshed
or where grain and oilseeds are milled, and in front of
the homes of the leading families of the village. In such
spaces, depending on the size of the village, might be
found the pancayat (village council) hall, a few shops,
a tea stall, a public radio hooked up to a loudspeaker,
a small post office, or perhaps a dharmshala (a free
guest house for travelers). The village school is usually
on the edge of the village in order to provide pupils
with adequate playing space. Another common feature
along the margin of a village is a grove of mango or

other trees, which provides shade for people and ani-
mals and often contains a large well.

There are many regional variants from the simple
agglomerated-villages pattern. Hamlets, each contain-
ing only one or a few castes, commonly surround vil-
lages in the eastern Gangetic Plain; Scheduled Castes
and herding castes are likely to occupy such hamlets.
In southern India, especially Tamil Nadu, and in
Gujarat, villages have a more planned layout, with
streets running north-south and east-west in straight
lines. In many tribal areas (or areas that were tribal
until relatively recently) the typical village consists of
rows of houses along a single street or perhaps two or
three parallel streets. In areas of rugged terrain, where
relatively level spaces for building are limited, settle-
ments often conform in shape to ridge lines, and few
grow to be larger than hamlets. Finally, in particularly
aquatic environments, such as the Gangetic delta and
the tidal backwater region of Kerala, agglomerations
of even hamlet size are rare; most rural families in-
stead live singly or in clusters of only a few house-
holds on their individual plots of owned or rented land.

Most village houses are small, simple one-story
mud (kacha) structures, housing both people and live-
stock in one or just a few rooms. Roofs typically are
flat and made of mud in dry regions, but in areas with
considerable precipitation they generally are sloped for
drainage and made of rice straw, other thatching ma-
terial, or clay tiles. The wetter the region, the greater
the pitch of the roof. In some wet regions, especially in
tribal areas, bamboo walls are more common than those
of mud, and houses often stand on piles above ground
level. The houses usually are windowless and contain
a minimum of furniture, a storage space for food, wa-
ter, and implements, a few shelves and pegs for other
possessions, a niche in the wall to serve as the house-
hold altar, and often a few decorations, such as pic-
tures of gods or film heroes, family photographs, a
calendar, or perhaps some memento of a pilgrimage.
In one corner of the house or in an exterior court is the
earthen hearth on which all meals are cooked. Electric-
ity, running water, and toilet facilities generally are
absent. Relatively secluded spots on the edge of the
village serve the latter need.

Almost everywhere in India, the dwellings of the
more affluent households are larger and usually built
of more durable (pakka) materials, such as brick or
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stone. Their roofs are also of sturdier construction,
sometimes of corrugated iron, and often rest on sturdy
timbers or even steel I beams. Windows, usually barred
for security, are common. The number of rooms, the
furnishings, and the interior and exterior decor, espe-
cially the entrance gate, generally reflect the wealth of
the family. There is typically an interior compound
where much of the harvest will be stored. Within the
compound there may be a private well or even a hand
pump, an area for bathing, and a walled latrine enclo-
sure, which is periodically cleaned by the village
sweeper. Animal stalls, granaries, and farm equipment
are in spaces distinct from those occupied by people.
Urban Settlement

Although only about one-fourth of India’s people
live in towns and cities, more than 4,500 places are clas-
sified as urban. In general, the proportion is higher in
the agriculturally prosperous regions of the northwest,
west, and south than in the northeastern rice-growing
parts of the country, where the population capacity is
limited by generally meagre crop surpluses.

In India large cities long have been growing at
faster rates than small cities and towns. The major
metropolitan agglomerations have the fastest rates of
all, even where, as in Kolkata, there is a high degree of
congestion within the central city. Major contributors
to urban growth are the burgeoning of the bureaucracy,
the increasing commercialization of the agricultural
economy, and the spread of factory industry and ser-
vices.

In many cities dating from the precolonial period,
such as Delhi and Agra, the urban core is an exceed-
ingly congested area within an old city wall, portions
of which may still stand. In these “old cities” residential
segregation by religion and caste and the layout of
streets and open places are, except for scale, not greatly
dissimilar from what was described above for shape-
less agglomerated villages. In contrast to many West-
ern cities, affluent families commonly occupy houses
in the heart of the most congested urban wards. Spe-
cialized bazaar streets selling sweets, grain, cloth,
metalware, jewelry, books and stationery, and other
commodities are characteristic of the old city. In such
streets it is common for a single building to be at once
a workshop, a retail outlet for what the workshop pro-
duces, and the residence for the artisan’s family and
employees.

Moderately old, highly congested urban cores also
characterize many cities that grew up in the wake of
British occupation. Of these, Kolkata, Mumbai, and
Chennai are the most notable examples. In such cases,
however, there are usually a few broad major thor-
oughfares, some degree of regularity to the street pat-
tern, space reserved for parks, and a central business
district, including old government offices, high-rise
commercial office buildings, banks, elite shopping es-
tablishments, restaurants, hotels, museums, a few
churches, and other reminders of the former colonial
presence.

Associated with a great many cities are special sec-
tions created originally for the needs of the British:
largely residential areas known as civil lines, where
the families of resident European administrators occu-
pied spacious bungalows, with adjoining outbuildings
for their servants, nearby shopping facilities, and a
gymkhana (a combined sports and social club); can-
tonments, where military personnel of all ranks were
quartered, together with adjacent parade grounds, polo
fields, and firing ranges; and industrial zones, includ-
ing not only the modern mills but also the adjacent
“factory lines,” reminiscent of 19th-century company
housing in Britain but even more squalid.
Natural Resources of India : Development and
Utilization

Accordingly, the First Five Year Plan presented
an account of the land, water, mineral and energy re-
sources of the country on the basis of information then
available. It drew attention to the main problems in
each field and set out programmes for further surveys
and investigations. It also offered suggestions for
strengthening the organisations responsible for these
surveys, providing them with personnel and equipment,
and expanding programmes of training.

Over the past few years organisations dealing with
the survey and utilisation of natural resources, such as
the Indian Council of Agricultural Research, the Cen-
tral Water and Power "Commission, Central Board of
Irrigation and Power, Geological Survey of India, Oil
and Natural Gas Commission, Indian Bureau of Mines,
Survey of India, Forest Research Institute, Atomic En-
ergy Commission, and the Council, of Scientific and
Industrial Research and its National Laboratories have
been greatly expanded and have undertaken a series
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of new surveys and investigations. These surveys have
resulted in a fuller assessment of the country's natural
resources bringing to light the gaps in information re-
lating to these resources as also their deficiencies in
relation to the nation's future requirements.

The objective of planning is to raise the standard
of living of the people as a whole. The attainment of
this objective involves the development on scientific
lines of the nation's natural and human resources. Ex-
panded demand for natural resources and materials
has led to technological developments which have in
part overcome limitations and thus increased the sup-
ply of resources. The dynamic forces at work in creat-
ing shifts in the demand for and supply of natural re-
sources necessitate their continuous study as well as
reformulation of policies relating to them. Natural re-
sources must be looked at in a coordinated manner
and their investigation and utilisation planned for long-
term needs. The extent to which resources have been
studied and possibilities established ahead of needs is
an important factor determining the rate at which the
economy can grow.
Land Resources : General land use

The most important natural resource of the coun-
try is land, which is the base for agricultural produc-
tion. While population grows, the land surface is fixed,
and of this only a certain proportion is available for
cultivation. Several aspects of the problem need to be
studied. Through irrigation and other measures of ag-
ricultural development, the productivity of land can
be considerably increased. It is necessary to ascertain
the extent to which land now lying waste can become
available for cultivation. Increasing population also
means withdrawal of areas now under farms for build-
ing houses. Development of communications such as
roads, railways, and airways may take up fertile land.
Owing to rapid urbanisation and growth of large cit-
ies land is needed for parks and open spaces. Irriga-
tion dams may submerge fertile areas. Industrial plants
and other establishments also require substantial ar-
eas. In all these developments wherever fertile land
can be saved efforts should be made to do so. This
indicates the need for a comprehensive inventory of
land and for greater refinement in land classification
and continuous attention to land use.

Land is a scarce resource, whose supply is fixed

for all practical purposes. At the same time, the de-
mand for land for various competing purposes is con-
tinuously increasing with the increase in human popu-
lation and economic growth.

Land use pattern qt any given time is determined
by several factors including size of human and live-
stock population, the demand pattern, the technology
in use, the cultural traditions, the location and capabil-
ity of land, institutional factors like ownership pattern
and rights and state regulation. The land use pattern
besides having economic implications has also impor-
tant ecological dimensions, which if ignored can have
disastrous consequences.
General land use

The pattern of land utilisation in India is indicated
in Table 6.1. The available land is classified into two
parts on the basis of its use, viz.
(i) agricultural land and
(ii) non-agricultural land.
(1) Agricultural land : Agricultural land (also agricul-

tural area) denotes the land suitable for agricul-
tural production, both crops and livestock. It in-
cludes net sown area, current fallows and land
under miscellaneous trees crops and groves. Agri-
cultural land in India totals a little over 50 percent
of the total geographical area in the country. This
is the highest among the large and medium-sized
countries of the world.
This indicates:

i. The influence of favourable physical factors (like
size, extent of plains and plateaus, etc.) and

ii. The extension of cultivation to a large proportion
of the cultivable land.
But, because of the large population of the coun-
try, the per capita arable land (i.e. land suitable
for agriculture) is low: 0.16 hectares against the
world average of 0.24 hectares. About 15 per cent
of the sown area is multi-cropped.
While, most of the multi-cropped area is irrigated,
only one-fourth of the gross cropped area is irri-
gated. The security provided by the irrigation fa-
cilities is a major factor in intensive application of
labour and other inputs to obtain high yields.

(2) Non-agricultural land: This includes :
(i) land under forests and permanent pastures,
(ii) land under other non-agricultural uses (towns, vil-
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lages, roads, railways, etc.) and
(iii) land classified as cultivable waste as well as bar-

ren and uncultivated land of mountain and desert
areas.
Land is scarce in India, even though the country

has a land area of about 328 million hectares which is
the seventh largest land area among the countries of
the world.

India is burdened with a population of 1210 mil-
lion as per the 2011 census, which grew from 345 mil-
lion in 1947 with a growth rate of 1.76 in the last de-
cade. Population density has increased from 117 per
sq.km in 1951 to 368 in 2011. The population to land
ratio is what make land accounting a matter linked to
human development concerns. As the pace of growth
in non-farm employment avenues lagged behind the
population growth, it forced upon more than half of
the population (58%) to eke out their living from agri-
culture and allied activities. Further, the demand for
land and other natural resources for non-farm use aris-
ing from urban spread and industrialization have not
only shrunken the per capita availability of agricultural
land in rural areas from 0.638 hectares in 1950-51 to
0.27 hectares in 1998-99 but strained its use, leaving
devastating consequences on the quality and sustain-
able use of land. The direct and immediate impact of
the deterioration in the quality of land is manifested
on water availability and forest coverage, which has
bearing on the vast section of the people who live in
rural areas and use water as public and free good. It is
important in India as 1/3rd of the population live be-
low the officially defined poverty norms. Moreover,
the productivity-fall driven decline in per capita avail-
ability of food, burdens that segment of the popula-
tion, who suffer multifaceted deprivations such as lost
entitlement to food due to state-supported encroach-
ment of farm land, forest cover coupled with inad-
equate purchasing market power and accessibility in a
competitive food market. Notwithstanding the fact
described above, developing countries, in general, in-
cluding India, lacks a scientific land accounting system
to put in place a monitoring and regulatory system for
the use of land.

Taking cognizance of the startling reality and the
emerging grim scenario, it is important to examine how
best the scarce resource (land) can be put into use in a

manner which should ensure its sustainability and ac-
cessibility defined from an egalitarian social order.

Given the problematisation, the paper probes two
important questions: (i) enumerate the Indian database
on land-use; (ii) evolve a system of accounting which
grafts the major social development indicators into the
land use indicators. The discussion in the paper is or-
ganized into three sections. The first section discusses
the System of National Accounts (SNA) and System of
Integrated Environmental and Economic Accounting
(SEEA) in the context of land accounting.
Agricultural land use, geographical condition

Agricultural irrigated land (% of total agricultural
land) in India was last measured at 35.12 in 2009, ac-
cording to the World Bank. Agricultural irrigated land
refers to agricultural areas purposely provided with
water, including land irrigated by controlled
flooding.This page has the latest values, historical data,
forecasts, charts, statistics, an economic calendar and
news for Agricultural irrigated land (% of total agri-
cultural land) in India.
Distribution of major crops, like, Rice, Wheat, Cot-
ton, Jute, Sugarcane, Rubber, Tea and Coffee

Crop pattern has been defined as the proportion
of area under different crops at a particular period of
time. A change in cropping pattern means a change in
the proportion of area under different crops.
Crop Seasons and Crop Practices

Cropping activities go on all the year-round in In-
dia, provided water is available for crops. In northern
India, there are two distinct seasons, kharif (July to
October), and rabi (October to March). Crops grown
between March and June are known as zaid. In some
parts of the country, there are no such distinct sea-
sons, but there they have their own classification of

seasons. The village revenue officials keep plot-
wise record of crops grown in each season.

These are annually compiled district-wise, state-
wise and on all-India basis. From these records one
could calculate the relative abundance of a crop or a
group of crops in a region.

These crops are grown sole or mixed (mixed-crop-
ping), or in a definite sequence (rotational cropping).
The land may be occupied by one crop during one sea-
son (mono-cropping), or by two crops (double-crop-
ping) which may be grown in a year in sequence. Of
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late, the trend is even more than two crops (multiple-
cropping) in a year. These intensive cropping may be
done either in sequence or even there may be relay-
cropping-one crop under-sown in astanding crop. With
wide-rowed slow growing cropping patterns, compan-
ion crops may be grown.

Rice is the major cereal crop among food grains
and showed a gradual increase in the area and so also
the wheat. But coarse grains like jowar, bajra and maize
showed a de- cline in the percentage of the area. If we
study the area of cultivation of food grains and non-
food grains, there was a gradual shift from non-food
grains to food grains. Important reasons are: the prices
of food grains have been rising quite fast and the farm-
ers have started growing food crops in the similar way
they grow commercial crops like cotton, oil seed crops
sugarcane etc. Secondly, the cultivation of food grains
has become highly remunerative and productive un-
der the impact of new technology.
Factors affecting cropping pattern in India

Cropping pattern of any region depends upon
physical characteristics as soil, climate, rainfall, etc.
Apart from this, it depends on the nature and avail-
ability of irrigation facilities. Besides, physical and tech-
nological factors economic motivations are also impor-
tant in determining the cropping pattern. The prices
influence the acreage under the crops in two ways. One
is that the variations in the intercrop price disparities
led to shifts in acreage between the crops. Another is
that the maintenance of a stable level of prices for a
crop provides a better incentive to the producer to in-
crease the opt put than what a very high level of price
does, if there is no uncertainty of this level being main-
tained over a number of years.

Fixed procurement price of wheat and rice and
other Government controls have induced farmers to
shift the cultivation to cash crops like sugarcane.

Farmers also would choose the combination of
crops which would give them maximum income. Rela-
tive profitability per acre is the main consideration
which influences the crop pattern. Small farmers are
first interested in producing food grains for their re-
quirements and devote only a small relative acreage to
cash crops than large farmers. In fact, in recent years,
it is the small farmer who have been increasing their
sugarcane areas more than large farmers. Food Crop

Acts, Land use Acts, intensive schemes for paddy, cot-
ton, oil seed" etc. all these bring sharply into focus the
possibility that while each individual measure may push
the crop pattern in the direction intended to, but if the
overall effect of all measures taken together on the
entire crop pattern is taken, it may not be in accor-
dance with national requirements.

CROPPING INTENSITY IN INDIA
There are only two ways to satisfy the increasing

food and other agricultural demands of the country's
rising population: either expanding the net area under
cultivation or intensifying cropping over the existing
area. The net sown area of the country has risen by
about 20 per cent since independence and has reached
a point where it is not possible to make any appre-
ciable increase. Thus; raising the cropping intensity is
the only viable option left.

Cropping intensity refers to raising of a number
of crops from the same field during one agriculture
year. It can be expressed as

Cropping intensity = (Gross cropped area / Net sown
area) x 100

Thus, higher cropping intensity means that a
higher portion of the net area is being cropped more
than once during one agricultural year. This also im-
plies higher productivity per unit of arable land dur-
ing one agricultural year. For instance, suppose a farmer
owns five hectares of land, and gets the crop from these
five acres during the kharif season and, again, during
the rabi season he raises a crop from three hectares.
He, thus, gets the effective produce from eight hect-
ares, although he owns only five hectares physically.
Had he raised crop from five hectares totally, his crop-
ping intensity would have been 100 per cent, while now
it is 160 per cent.
Agricultural Efficiency and Productivity

A rise in production can be attributed to input
growth and total factor productivity growth. The level
of Total Factor Productivity (TFP) can be measured by
dividing total output by total inputs. When all inputs
in the production process are accounted for, TFP
growth can be thought of as the amount of growth in
real output that is not accounted for by growth in in-
puts. Productivity is often defined as the efficiency with
which output is produced by a given set of inputs.

If a firm is efficient, it is said to be operating on
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the production frontier (i.e. it is achieving best prac-
tice), where the production frontier is defined at some
point in time with reference to a particular set of firms.
Productivity growth, however, encompasses not just
changes in efficiency but also changes in the best prac-
tice. A rise in efficiency implies either more output is
produced with the same amount of inputs or that less
inputs are required to produce the same level of out-
put. Equally, the outward shift of a production fron-
tier implies productivity growth.

There are several studies which point out decline
in agricultural productivity in developing countries
even in the years well-known for success of Green
Revolution.
Factors affecting cropping pattern in India

Cropping pattern of any region depends upon
physical characteristics as soil, climate, rainfall, etc.
Apart from this, it depends on the nature and avail-
ability of irrigation facilities. Besides, physical and tech-
nological factors economic motivations are also impor-
tant in determining the cropping pattern. The prices
influence the acreage under the crops in two ways. One
is that the variations in the intercrop price disparities
led to shifts in acreage between the crops. Another is
that the maintenance of a stable level of prices for a
crop provides a better incentive to the producer to in-
crease the opt put than what a very high level of price
does, if there is no uncertainty of this level being main-
tained over a number of years.

Fixed procurement price of wheat and rice and
other Government controls have induced farmers to
shift the cultivation to cash crops like sugarcane.

Farmers also would choose the combination of
crops which would give them maximum income. Rela-
tive profitability per acre is the main consideration
which influences the crop pattern. Small farmers are
first interested in producing food grains for their re-
quirements and devote only a small relative acreage to
cash crops than large farmers. In fact, in recent years,
it is the small farmer who have been increasing their
sugarcane areas more than large farmers. Food Crop
Acts, Land use Acts, intensive schemes for paddy, cot-
ton, oil seed” etc. all these bring sharply into focus the
possibility that while each individual measure may push
the crop pattern in the direction intended to, but if the
overall effect of all measures taken together on the

entire crop pattern is taken, it may not be in accor-
dance with national requirements.
Distribution of major crops in india

Rice: It’s grown over around 29 percent (43,70
million hectare) on the cropped area. India stands next
and then China in the manufacture of rice contributing
22.3% worldwide production. West Bengal may be the
largest rice producing state adding to more than 15.81%
in the rice manufacture of India. Next is Andhra Pradesh
with 12.75% and Uttar Pradesh with 12.13%. However,
yield per hectare is highest in Punjab and Karnataka
(42.97% and 31.87% respectively).

Wheat: Wheat is the second important food grain
of India, 13.79% on the gross cropped area is devoted
to wheat. Area under wheat increased from 9.7 mil-
lion hectare in 1950-51 to 26.48 million hectares in 2006-
07 and wheat production recorded eleven fold increase.
The countries producing more wheat than India include
the Soviet Union, America and China. Over 35.5 per-
cent of the nation’s total wheat output originates from
Uttar Pradesh, Punjab (20%), Haryana (12.68%). The
crop shares about 21 percent with the area under food
grains and is the reason for about 34 percent of the
total food grains production in the united states.

Millets: Millets like Jowar, bajra, maize and ragi
are very important cereal crops of India, There’re pri-
marily crops with the dry areas of the Deccan. Gujarat,
and rajasthan, These Kharif crops are grown where
there isn’t enough rain to grow rice. These are manu-
factured in your order ragi, jowar and bajra, since the
rainfall continues decreasing from your semi-humid to
semi-arid regions.

Jowar: Jowar ranks third in area among food
grains. The cutting edge jowar producing states are
Madhya Pradesh, Maharashtra, Karnataka and Andhra
Pradesh. It truly is both Kharif and Rabi crop and about
8.51 million hectares (5%) are focused on this crop in
India. Half of jowar grow in Maharashtra (51.11%).

Bajra: Bajra is generally grown on poor light sandy
soils of western Rajasthan (35.94%), Northern Gujarat
(13.93%), Uttar Pradesh (16.28%), Haryana (8.85%), and
Maharashtra (13.41%). South, it’s cultivated on shal-
low black and red and upland gravelly soils. It occu-
pies 9.48 million hectares (about 5.0% of cropped per-
haps the country).

Ragi is a millet, specifically in south Karnataka
where millions utilize it as staple food. It is raise about
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the red, light black and sandy loams of Karnataka and
Tamil Nadu and also the well-drained alluvial loams
of Uttar Pradesh, Bihar and Gujarat.

Barley is a crucial cereal crop in numerous aspects
of northern India. Additionally it is employed for melt-
ing from the manufacture of beer and whisky. It’s rabi
crop in the Great Plains and valleys on the western
Himalyas. Uttar Pradesh and Rajashtan together lead
within the total area and total output of barley near
your vicinity.

Maize: Maize was introduced in India from
America at the start in the 17th century. It is deemed
an important food crop now from the Great Plains and
the hilly and submontane tracts with the North. Green
maize provides sweet and succulent fodder. Maize is a
millet crop and contains a location of production next
just to jowar and bajra. It occupies 7.7% of the cropped
part of the country. Its highest concentration is situ-
ated Andhra Pradesh (21.1%, Karnataka (18.56%),
Bihar (9.25%), Rajasthan (7.48%) and Madhya Pradesh
(8.5%) of all India production.

Pulses: Inside our predominantly starchy vegetar-
ian diet pulses form an essential part since they pro-
vide us vegetable protein. Being leguminous crops,
pulses fix atmospheric nitrogen inside the soil and as
such are often rotated with other crops to keep up or
restore soil fertility. Pulses are seasonal crops in India.
India tops the planet in pulses production.
Productivity Trends in India

Before independence agricultural production rose
only marginally as compared to the growth of popula-
tion. With the introduction of economic planning in
1950-51, and with special emphasis on agricultural de-
velopment, there was a steady increase in the area,
productivity as well as in yield per hectare. Agricul-
tural production in India viz. area, productivity per
hectare and total output is influenced by a large num-
ber of factors like rainfall, weather conditions, etc.
Causes for Low Productivity

The agricultural productivity in India i.e. average
yield per hectare is among the lowest in the world.
There has been some improvement in all the sectors in
recent years particularly during the plan period. But
there is not much change in the agricultural sector es-
pecially when we consider the condition of the farm-

ers. The analysis of the factors that are responsible for
low productivity may be helpful in improving the situ-
ation.
Overcrowding in agriculture

The main problem in the agricultural sector is too
many people are directly dependent on it though all
depending on it indirectly for their existence. The na-
tional increase in population could not be absorbed in
industries and people engaged in other sectors like
handicrafts etc. has also adopted agriculture. Conse-
quently, the pressure of population increased the pres-
sure on land. Also it has led to sub-division and frag-
mentation of holdings thus there was a decline in the
area of land available for cultivation per capita, dis-
guised unemployment in agriculture and low marginal
productivity of labour. The pressure of increased popu-
lation was so high that between 1901 and 1981, the cul-
tivable area per cultivator has declined from 0.43 hect-
ares to 0.23 hectares. So it is essential to check the
growth of rural population and decrease the pressure
on land.
Impact of Green Revolution

In the backdrop of the food crisis that gripped In-
dia in the 1960s and 1970s (and few years earlier to
that too) the Government of India initiated the ‘Green
Revolution’ program. This was an attempt to become
self-sufficient in production of food grains. Traditional
farming methods gave way to farming with high-yield
seeds, fertilizers, and pesticides.

The green revolution has two types of impact on
Indian economy, namely, (a) economic effects and (b)
sociological effects.
(i) Increase in agricultural production and productiv-

ity: Due to adoption of HYV technology the pro-
duction of food grains increased considerably in
the country. The production of wheat has increased
from 8.8 million tones in 1965-66 to 184 million tones
in 1991-92. The productivity of other food grains
has increased considerably. It was 71% in case of
cereals, 104% for wheat and 52% for paddy over
the period 1965-66 and 1989-90.
The index number of productivity on agriculture
(Base -1969- 70) increased from 88.9 in 1965-66 to
156 in 1991-92 indicating an increase of about 100%
in productivity over the period.
Though the food grain production has increased
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considerably but the green revolution has no im-
pact on coarse cereals, pulses and few cash corps.
In short the gains of green revolution have not been
shared equally by all the crops.

(ii) Employment: The new agricultural technology has
created more amounts of employment opportuni-
ties in the agricultural sector. The new technology
is early maturing and makes multiple cropping
possible.

(iii) Market Orientation: The new technology has made
the farmers market- oriented. Due to excess pro-
duction the farmers have to go to the market for
selling their surplus production.

(iv) Forward and Backward Linkage: Due to new tech-
nology the demand for industrial products like
fertilizers, pesticides and insecticides increased
which gave rise to industrialization of the econo-
my. Similarly due to excessive production more
employments were created in the tertiary sector
like transportation, marketing and storage.

Sociological Effects
(i) Personal inequalities: Due to Green Revolution the

income of rich farmers increased considerably
whereas the poor farmers couldn't reap any bene-
fit. Hence in Punjab it led to concentration of
wealth, income and assets with the rich farmers
on the one hand and gradual pauperization of the
rural poor. This led to a class conflict between the
rich and the poor farmers. The small and marginal
farmers were deprived of enjoying the gains of
new technology.

(ii) Regional Inequality: The new technology was suc-
cessfully implemented in the wheat-producing belt
of the country whereas the rice producing zones
were not at all affected by this Green Revolution.
Hence the disparity between the two regions in-
creased considerably. Father Green Revolution
became successful in irrigated areas whereas in the
rained belt the new technology couldn't be prop-
erly implemented.

Measures for further Green Revolution
In order to further increase agricultural produc-

tion the following measures have been adopted:
(i) HYV seeds: New varieties of HYV seeds have been

developed for specific agro-climatic condition and
the other crops like cotton, Jute, oil seeds and pulses

have been covered under HYV seeds.
(ii) Multiple cropping: Due to invention of short ma-

turing seeds multiple cropping has become possi-
ble. Appropriate crop rotation has to be chosen in
order to maintain long term productivity of the
soil.

(iii) Agricultural credit: Poor farmers require institu-
tional finance for adoption of HYV technology.
Hence the Government has extended credit facili-
ties to poor farmers through co-operatives, com-
mercial banks and RRBS.

(iv) Fertilizer consumption: Chemical fertilizer is one
of the most important ingredients of green revo-
lution. Hence more fertilizer has to be produced
in order to meet its growing demand.

(v) Dry farm technique: The new technology has to be
extended to dry farming areas. Research should
be intensified to develop suitable technology which
may help in successful implementation of HYV pro-
gramme in dry land areas. Speedy implementation
of land reform is also essential for spread of Green
Revolution.

Agricultural Regions with Special Reference To
Agroecological Conditions

A number of agricultural scientists have attempted
to delimit agricultural regions of India using a variety
of criteria. One of the popular schemes provided by
the Randhawa is briefly outlined here.
 Temperate Himalayan Region: Due to climatic and

accompanying variations in corps this region is
further divided into two sub-regions.

 The Eastern Himalayan Region: This region is wet
and the rainfall here is more than 250 cm. includ-
ing upper Assam, Sikkim, and Mishmi Hills, this
region is largely covered by forests. Tea planta-
tions on hills slopes and paddy cultivation in low
lands are the major agricultural activities.

 The Western Himalayan Region: Western Himalayan
Region is climatically dry and this includes Kulu,
Kangra and Kashmir Valley, and Garhwal, Kuma-
on, and Shimla hills. Horticultural crops of apples,
almonds, and apricots are important in the high-
land areas. In relatively lower parts and on gen-
tler slopes are cultivated the crops such as potato,
maize and paddy.

 Northern Dry Region: This region has a rainfall of
less than 75 cm and the soils are alluvial and sandy.
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Punjab, Haryana, Delhi, Gujarat, Rajasthan, Uttar
Pradesh and western Madhya Pradesh are includ-
ed in this region. Wheat, maize and cotton are the
chief crops. Sugarcane and rice are grown in irri-
gated areas.

 Eastern Wet Region: This is the area of more than
150 cm of rainfall. Soil is alluvial in some parts and
deltaic in others. This region includes West Ben-
gal, Orissa, Bihar, Jharkhand, Andhra Pradesh,
Tamilnadu, Chhattisgarh and the states of the
North-East including Assam, Meghalaya, Manipur,
Tripura and Mizoram. Rice is the main staple crop
of this region. Other crops include tea, jute, and
sugarcane.

 Western Wet Region or Malabar Region: This region
includes Kerala, Karnataka, and adjoining parts
with more than 200 cm rainfall. This is the region
of laterite and lateritic soils. Plantation crops and
rice are dominant crops. This region produces co-
conut, cashew-nut, areca nut, rubber, pepper, and
cardamom. Rice is the dominant food crop of this
region also.

 Southern Region or the Millet Region: Receiving an
annual rainfall of 50-100 cm, this region includes
parts of Madhya Pradesh, Andhra Pradesh, West-
ern Tamil Nadu, Eastern Maharashtra and South
Gujarat and part of Karnataka. The southern ex-
treme part of Uttar Pradesh also comes from un-
der this region. Soils in this part are partly black
and partly lateritic and red soil. Jowar, bajra, cot-
ton, ragi, groundnut and tobacco are the chief crops
of this region. Much of the products also come from
this region. Coarse grains are the staple food of a
large majority of the people of this region.

Land Reforms and Agrarian Problems
The stigma of Indian Agriculture is the highly de-

fective structure of its land holdings. The measures of
land reforms aim at correcting it. The term ‘land re-
forms’ involves procurement and redistribution of large
holdings of agricultural land among the small farmers
and landless agricultural labourers. It is an instrument
to bring about improvements in the institutional frame-
work of land. The responsibility of land reforms is
owned by the government with a view of benefiting
those who either have petty holdings or have no land
at all. As big land owners are quite unlikely to share

their holdings with their landless counterparts, inter-
vention by the government using force of law/legisla-
tion is necessary to secure social justice for the masses.
Land Tenure

Land tenure may be defined as the system in which
land is held by an individual or the actual tiller of the
land; it determines his rights and responsibilities in
connection with his holding. Obviously, land tenure
system refers to law/rules and regulations which con-
fer ownership rights upon an individual or actual tiller
of the soil. It determines the status of the actual tiller
of the land and his relations with the state. If actual
tiller is not the owner of the land it determines the
relation between the owner and the actual tiller of the
land. It points out under what circumstances, the ac-
tual owner of the land may lose his ownership right. It
specifies rent to be realized from the tiller, its time and
methods. It specifies the conditions under which the
actual tiller can sell or transfer his holding. It specifies
the conditions, whether a cultivator can mort- gage his
land or not.

There were a large number of land tenure systems
prevalent in India in pre-independence period. But the
following three were more prevalent in different parts
of i the country.
1. Raiyatwari system

Under this system, every registered holder is rec-
ognized as its owner. The owner cultivator or peas-
ant proprietor is responsible directly to the gov-
ernment for the payment of land revenues and
other dues. There is no intermediary between the
government and the cultivator. This is perhaps the
best system of land tenure. The peasant propri-
etor does not fear ejection by the government so
long as he pays the land revenue. He can make
permanent investments in his land as he is sure to
reap its benefits. Thus, this system can ensure an
increase in agricultural productivity.

2. Mahalwari system
Under this system, land is held (owned) jointly by
a collective body of village. This body collects land
revenues from the owners or cultivator peasants
and is responsible to the government. This system
is found in some parts of U.P., Punjab and Harya-
na. This system facilitates cooperative farming to
get maximum yield from land. The small holdings
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of peasant cultivators can be combined for this
purpose. The main drawback with this system is
that it encourages absentee landlordism.

3. Zamindari system
In Zamindari system, there is a separation of own-
ership of land from its cultivators. Under this sys-
tem, one person known as zamindar owns a vil-
lage and is responsible for the payment of land
revenues to the government. This system existed
in West Bengal, some parts of U.P., 1 Maharashtra
and Tamil Nadu. Now this system has been abol-
ished.

The Need for Land Reforms
As discussed earlier, the defects existing with In-

dian agrarian structure pointed out by Planning Com-
mission, highlighted the need for land reforms. The
existing system during the beginning of Planned
Growth, allowed the landlord and intermediaries to
grow richer and they continued to flourish at the cost
of the actual tillers. The cultivator tenants had to live a
very tough life. Tenant got little incentive to increase
his output since a large share went to the landowner.
Very small margin was left for the actual cultivator and
this amount was quite insufficient to provide for a capi-
tal investment on the land. The landlords grew richer,
the intermediaries continued to flourish, the state was
deprived of its share of legitimate increase in revenue
and the cultivator tenants were in hand to mouth ex-
istence.

In order to remove the defects with existing agrar-
ian structure, there was need of institutional changes
in holdings. A high powered committee in 1948 with J.
L. Nehru as its Chairman recommended that “all in-
termediaries between the tiller and the state should be
eliminate and all middlemen should be replaced by
non-profit making agencies like cooperatives. The maxi-
mum size of holdings should be fixed and the surplus
land should be acquired and placed at the disposal of
the village cooperatives. Small holdings should be con-
solidated and steps should be taken to prevent further
fragmentation”.
Objective of Land Reforms

The basic objective of land reforms in India has
been the creation of a system of peasant proprietor-
ship. ‘Land to the tiller’ has been the motto. Through
the redistribution of land by applying ceiling on land

holdings, the idea has been to build up a vigorous in-
dependent peasantry consisting of small farmers and
to help these farmers class with extension of credit and
distribution facilities, largely through a network of co-
operative service organization.

The objectives of land reforms policy were set out
by the planners as “the removal of such institutional
and motivational impediments to the modernization
of agriculture as were innate in the agrarian structure
inherited from the past and the reduction of gross in-
equalities in the agrarian economy and rural society
which stemmed from unequal rights in land”.

The Planning Commission gave two basic objec-
tives of land reforms, namely.
1. Economic efficiency : The agrarian reforms should

help in removing all obstacles to achieve high ag-
ricultural productivity. They should help in creat-
ing conditions for evolving as speedy as possible
,an agricultural economy with high level of effi-
ciency.

2. Social justice : The agrarian reforms should help
to eliminate all elements of exploitation and en-
sure social justice within the agrarian system to
provide security for the tiller of the soil and as-
sure equality of status and opportunity to all the
sections of the rural population. In order to achieve
these objectives, the following policy measures
were envisaged:

 abolition of the prevalent intermediary system
between the state and the actual tillers;

 tenancy reforms such as conferment of ownership
rights on the cultivating tenants in the land held
under their possession;

 imposition of a ceiling on agricultural land hold-
ings as a measure contributing to the moderniza-
tion of agriculture and to eliminate parasitic ab-
sentee landlordism;

 rationalization of the record of rights in land so as
to make the rights of tenants, share croppers and
other categories of insecure landlords;

 consolidation of holdings with a view to making
easier the application of modern techniques of ag-
riculture; and Development of co-operative farm-
ing and co- operative village management.

Crop Combinations & Agricultural
Regionalization
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A technique evolved by Weaver to delimit agri-
cultural regions which, he argued, are not regions of
simple monoculture as suggested by the names Corn
Belt, Cotton Belt, or Spring Wheat Belt, but are areas
of combinations of crops.
Cropping Seasons in India

Kharif Crops of India
 Sown in summers between May and July, and har-

vested after the rains, in September and October.
 Eg: Rice, Jowar, Bajra, Maize, Cotton, Jute, Sugar-

cane, Tobacco, Groundnut, Pulses, etc.
Rabi Crops of India
 Sown at the beginning of winter and harvested

before the onset of the summer season, between
Feb and April.

 Eg: Wheat, barley, oilseeds, gram, potatoes, etc.
Zayad Crops
 They are raised between April and June.
 E.g. : Melon, watermelon, cucumber, toris, leafy

and other vegetables.
Cash Crops of India (Commercial Crops)
 Grown mainly for the market, only a small por-

tion of the product is consumed by the farmers
themselves (cotton, sugarcane etc.)

Water Resources : Availability and utilization for
industrial and other purposes,

Water resources may be divided broadly into sur-
face water and underground water. Their development
has to be viewed in relation to the need to increase the
productivity of land through irrigation, flood control,
drainage and other means and also to domestic and
industrial requirements.

Surface water : The annual rainfall over the entire
country represents something more than 3000 million
acre-feet of water. Of this amount, about 1000 million
acre-feet are lost immediately due to evaporation and
roughly 650 million acre-feet seep into the soil, leaving
1350 million acre-feet to flow into the river systems.
The entire surface flow cannot be utilised because to-
pography, flow characteristics, climate and soil condi-
tions impose limits on usability. It has been estimated
that only 450 million acre-feet can be harnessed for pur-
poses of irrigation.

Underground water : Of the 650 million acre-feet
of water that seep down annually into the soil, about
350 million, acre-feet get absorbed in the top layers,
thereby contributing to soil moisture which is essen-

tial for the growth of vegetation. The remaining 300
million acre-feet percolate down into porous strata and
represent the annual enrichment of underground wa-
ter. The total storage underground at any particular
time may be several times this amount, but it can be
assessed only if a country-wide investigation is under-
taken. The actual utilisation of underground water at
present is less than 20 per cent of the annual enrich-
ment. Over the past eight years, through a series of
ground-water exploration projects, efforts have been
made to establish areas favourable to the sinking of
tube-wells. For the Third Plan, a project including 500
exploratory borings has been accepted. With a view to
facilitating the work of exploration and reducing the
need for large-scale drilling, it is also proposed to carry
out geophysical investigations. In peninsular India such
investigations would quickly determine the depth of
the bed rock and are likely to give first indications of
ground-water availability. A survey programme is also
in hand in Andhra Pradesh for localising areas of un-
derground water where filter points for extraction of
water can be successfully drilled.

Utilisation : The major use of water is for irriga-
tion and hydropower generation, but water is also used
for public water supply, industrial and navigation pur-
poses. Water supply for irrigation can be obtained both
from surface and underground resources.

The Central Water and Power Commission initi-
ated in 1954 a study of different basins in the country
for assessing the ultimate potential of major and me-
dium irrigation projects. For purposes of this study the
country was divided into five principal zones covering
groups of river basins, and for each river basin the to-
pography, rainfall, intensity of cultivation, possible
storage sites, irrigable areas, reservoir capacity and
other relevant factors were examined. Studies in re-
spect of four zones are almost complete, while the fifth
has still to be taken up.

The first comprehensive attempt towards assess-
ment of the minor irrigation potential was made in 1955
by the Minor Irrigation Committee set up by the Min-
istry of Food and Agriculture. Similar studies were later
initiated by the Minor Irrigation Team of the Commit-
tee on Plan Projects. Some State Governments have also
initiated minor irrigation surveys. A tentative appraisal
of the data from these surveys indicates that the total
ultimate irrigation potential of minor irrigation projects
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may be about 75 million acres (gross).
It will be seen that there is considerable scope for

increasing the ratio of irrigated area to cultivated area.
By realising the entire potential for irrigation of 175
million acres (gross) over the next 20-25 years (by which
time the cultivated area may increase to about 350 mil-
lion acres) the proportion of irrigated lands may per-
haps rise to 50 per cent. Correspondingly, the amount
of water utilised may go up to 350-400 million acre-
feet or 60 per cent of the annual supply from both sur-
face and underground sources. That will leave adequate
quantities of water for meeting public supply, indus-
trial needs and the requirements of thermal power
generation the demand for which is likely to rise
steadily.

Industrial uses : The major uses of water in indus-
try are for cooling, processing and boiler feed. Indus-
trial needs of water are increasing rapidly. Hence the
need to pay attention to methods of conservation and
re-use of water in industries has become urgent. Most
of the water used for industrial purposes is renewable
in the sense that it becomes available for re-use if prop-
erly reconditioned.

One of the important problems associated with
industrialisation and urbanisation is the pollution of
available water supplies, specially rivers, by industrial
effluents and trade waste. This leads, amongst others,
to mortality of fish and contamination of drinking
water. Proper disposal of these wastes is difficult and
costly. The problems which arise in this connection are
being studied by the All-India Institute of Hygiene and
Public Health, the Indian Council of Medical Research
and the Public Health Engineering Research Institute.
There is need for coordinated surveys and experimen-
tal work. These should cover analysis of effluents, data
on extent of pollution caused by them, development of
methods for their treatment and preparation of stan-
dards to which they should conform, before they can
be discharged into rivers.
Irrigation

Irrigation in India includes a network of major and
minor canals from Indian rivers, groundwater well
based systems, tanks, and other rainwater harvesting
projects for agricultural activities. Of these groundwa-
ter system is the largest. In 2010, only about 35% of
total agricultural land in India was reliably irrigated.
About 2/3rd cultivated land in India is dependent on

monsoons. Irrigation in India helps improve food se-
curity, reduce dependen.

Irrigation Projects in India are classified on three
major aspects into :
1. Minor Irrigation Projects
2. Medium Irrigation Projects
3. Major Irrigation Projects Since 1950, irrigation

works were classified on the basis of cost incurred
for the projects' implementation, governing and
dissemination., However, the Planning Commis-
sion of India adopted the classification of projects
on the basis of culturable command area(CCA).

Scarcity of water
Water scarcity involves water stress, water short-

age or deficits, and water crisis. This may be due to
both natural and human factors. But, many reports
suggest that the scarcity is more due to the human fac-
tor than anything - such as industrialization, irrigation,
domestic use, etc. The acute water shortage prevailing
in the forest areas of Tamil Nadu's districts of Madurai
and Dindigul has led the Indian gaurs found in the
forest of the region, to death as they come in search of
water and end up dead by falling into the wells.
Counter measures

Community led initiatives : With support from
government and UNICEF, villagers in Palve Budruk,
located in the drought-prone Parner Block in
Ahmednagar district of Maharashtra, developed a
catchment plan covering 1,400 hectors – that’s over 80%
of the land available. The system has three check dams,
20 canal bunds, two small percolation tanks linked to
the main tank and 19 village ponds. Water stored in
the percolation tank, is strictly meant for domestic use
only. Piped water is supplied for an hour a day in the
morning, during which time families fill up water for
drinking and cooking.

Government led initiatives : SIS Seoul International
School is Fundraising to bring water to India, and can
be found in South Korea, or siskorea.and also it led to
india which it is governed.

Raising awareness : The Canadian start-up Decode
Global has developed the mobile game Get Water!, a
game for social change focusing on the water scarcity
in India and the effect it has on girls' education. The
game's primary goal is to raise awareness of the water
crisis, by educating children as well as adult gamers.
To put more focus on children'd learning, the company
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has published a 6-part lesson plan for 4-6 grade teach-
ers, available for download as a pdf from the game's
website.

Exploitation of Ground water : The Central
Ground Water Authority (CGWA)has notified 82 ar-
eas (Districts,Blocks, Mandals, Talukas, Municipalities)
for regulation of ground water development. In these
areas, installation of new ground water abstraction
structures is not permitted without prior specific ap-
proval of the Authority / Authorized officer. More-
over, proposals for setting up/expansion of ground
water based industries including bottled water manu-
facturing units are forwarded by State Pollution Con-
trol Boards and Bureau of Indian Standards to CGWA
for seeking No Objection Certificate (NOC) for ground
water withdrawal. NOC is not accorded to such in-
dustries including bottled water manufacturing units
proposed to be located in areas notified by the Au-
thority. In non- notified areas, NOC is issued with man-
datory pre-conditions of adoption of rain water har-
vesting system, monitoring of ground water abstrac-
tion as well as monitoring of ground water level and
quality etc. by the industry. For enforcement of the
regulatory directions issued under Section 5 of Envi-
ronment (Protection) Act, 1986,concerned Deputy Com-
missioners/ District Collectors have been authorized
to take necessary action in case of violations of direc-
tives of CGWA in the notified areas.

Rainwater harvesting : Rain water is accumulated
and used for ground water recharge. This increases
the ground water availability.

Farm pond : Farm ponds are constructed near the
farming field. The rain water which runs off the ground
are collected by these ponds. These ponds helps agri-
culture in dry lands.
Methods of conservation-rain water harvesting

Rain water harvesting is a process involving col-
lection and storage of rain water (with the help of arti-
ficially designed system) that runs off natural or man-
made catchment areas e.g. roof top, compounds, rock
surface or hill slopes or artificially repaired impervi-
ous/semi-pervious land surface. Undoubtedly a num-
ber of factors contribute to the amount of water har-
vested e.g. the frequency and the quantity of rainfall,
catchments characteristics, water demands and the
quantum of runoff, and above all speed and ease with
which the rainwater percolates through the subsoil to

recharge the ground water.
Due to deforestation and the consequent ecologi-

cal imbalance, the water level beneath the ground is
being depleted day by day. As known to all, the con-
stant rising demand of water supply, especially from
the urban areas does not match with the surface water
sources, as a result of which the water reserves be-
neath the ground level are overexploited. This conse-
quently results in the water level depletion. Thanks to
the selfless endeavor and untiring efforts made by the
scientists in the field of hydrogeology, special tech-
niques for recharging ground water level have been
developed recently.

Water harvesting, apart from recharging the
ground water level, increases the availability of water
at a given place at a given point of time. It also reduces
the power consumption as 1 m rise in water level re-
sults in saving of 0.4 KWH of electricity (as per recent
finding). It further reduces the run off which chokes
the storm water drains, reduces flooding of water on
the roads, improves the quality of water and reduces
the chances of soil erosion.

Rainwater Harvesting is a way to capture the rain
water when it rains, store that water above ground or
charge the underground and use it later. This happens
naturally in open rural areas. But in congested, over-
paved metropolitan cities, we need to create methods
to capture the rain water.

Rainwater harvesting is a very ancient technique
known to have exsisted for over 4000 years. This tech-
nique is being revived today to give back to nature
what we take from it.

Rain water harvesting - a simple, economical and
eco-friendly method of water conservation is an ideal
solution to recharge the ground water.

The rainwater that falls on the surface/ roof top is
guided to borewells or pits or new/ old/ abandoned
wells through small diameter pipes to recharge the
underground water which can be used later whenever
required.

Rainwater can be harvested to the extent of 55,000
litres per 100sq. metres area per year from rooftops .

In many areas, rainwater harvesting is a necessity,
not a luxury. Most deser areas have little to no fresh
water resources. As a result, they must depend on rain-
water for most of their water needs. Hawaii, Bermuda
and St. Croix are all examples. Rainwater harvesting is
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also required in many arid Southwestern states on all
new construction to aid water conservation.

The principle of collecting and using precipitation
from a catchments surface.

An old technology is gaining popularity in a new
way. Rain water harvesting is enjoying a renaissance
of sorts in the world, but it traces its history to biblical
times. Extensive rain water harvesting apparatus ex-
isted 4000 years ago in the Palestine and Greece. In
ancient Rome, residences were built with individual
cisterns and paved courtyards to capture rain water to
augment water from city's aqueducts. As early as the
third millennium BC, farming communities in
Baluchistan and Kutch impounded rain water and used
it for irrigation dams.

ARTIFICAL RECHARGE TO GROUND WATER
:

Artificial recharge to ground water is a process by
which the ground water reservoir is augmented at a
rate exceeding that obtaining under natural conditions
or replenishment. Any man-made scheme or facility
that adds water to an aquifer may be considered to be
an artificial recharge system.

WHY RAIN WATER HARVESTING :
Rain water harvesting is essential because :
Surface water is inadequate to meet our demand

and we have to depend on ground water.
Due to rapid urbanization, infiltration of rain wa-

ter into the sub-soil has decreased drastically and re-
charging of ground water has diminished.

As you read this guide, seriously consider con-
serving water by harvesting and managing this natu-
ral resource by artificially recharging the system. The
examples covering several dozen installations success-
fully operating in India constructed and maintained by
CGWB, provide an excellent snapshot of current sys-
tems.
Watershed management

Watershed management is the study of the rel-
evant characteristics of a watershed aimed at the sus-
tainable distribution of its resources and the process
of creating and implementing plans, programs, and
projects to sustain and enhance watershed functions
that affect the plant, animal, and human communities
within a watershed boundary. Features of a watershed
that agencies seek to manage include water supply, wa-

ter quality, drainage, stormwater runoff, water rights,
and the overall planning and utilization of watersheds.
Landowners, land use agencies, stormwater manage-
ment experts, environmental specialists, water use sur-
veyors and communities all play an integral part in
watershed management.

Objectives
The different objectives of watershed management

programmes are :
 To protect, conserve and improve the land of wa-

tershed for more efficient and sustained produc-
tion.

 To protect and enhance the water resource origi-
nating in the watershed.

 To check soil erosion and to reduce the effect of
sediment yield on the watershed.

 To rehabilitate the deteriorating lands.

 To moderate the floods peaks at down stream ar-
eas.

 To increase infiltration of rainwater.

 To improve and increase the production of tim-
bers, fodder and wild life resource.

 To enhance the ground water recharge, wherever
applicable.

Integrated Watershed Management Programme
(IWMP)

In order to make Centrally-sponsored programmes
condensed, the Cabinet has approved Integrated Wa-
tershed Management Programme (IWMP) as a flagship
programme of the government.

Around 60% of cultivated area across India is rain-
fed. Besides, these areas are also blighted by poverty,
water scarcity, low productivity, malnutrition and
prone to severe land degradation. The watershed de-
velopment programme has been adopted as a tool to
address problems of the rain-fed or degraded areas in
the country.

Key Points of IWMP
Launched in 2009-10 by the integration of various

area development programmes of the Department of
Land Resources, including the Drought Prone Areas
Programme (DPAP), the Desert Development
Programme (DDP) and the Integrated Wastelands De-
velopment Programme (IWDP).

The 12th Plan allocates the programme an addi-
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tional Rs. 29,296 crore.
 Cost sharing ratio of Central Government : State

Government = 90 : 10
 9% of the project cost is earmarked for develop-

ment of livelihoods for asset-less people
 10% of the project cost is for productivity enhance-

ment and development of micro-enterprises for
small & marginal farmers.

 An average size of project under the IWMP is about
5,000 ha which is cluster of micro-watersheds.

 A portion of institution &capacity building (5% of
the total project cost) has been provided to set up
institutional mechanism at State, District, Project
and Village levels and to build capacities of stake-
holders.

 It also entails involvement of primary stakehold-
ers in the form of grassroots community organisa-
tions.

Ground water management
The groundwater crisis is acquiring alarming pro-

portions in many parts of the country. Strategies to
respond to groundwater overuse and deteriorating
water quality must be based on a new approach in-
volving typologising the resource problems and rede-
fining the institutional structure governing groundwa-
ter. This approach is based on the notion of ground-
water as common property. The complex nature of
groundwater problems in India implies that a detailed
understanding

of regimes in different hydrogeological settings
and socio-economic situations is the prerequisite for
sustainable and equitable management. Further, the
management strategies should be specified keeping
aquifer-scales in mind. For the adoption of this new
approach, reforms are needed in how we assess
groundwater resources, map aquifers, monitor quality
and in the legal and institutional framework for ground-
water governance. A national programme of ground-
water management based on this processspecific ap-
proach is needed to address the challenge.

Groundwater resources play a major role in en-
suring livelihood security across the world, especially
in economies that depend on agriculture. The socio-
economic dependency on groundwater is explained
over a range of factors by Burke and Moench (2000).

They explain the intricacy in managing groundwater
resources. At the same time, groundwater systems have
become the “lender of last resort” and depletion of r
enewable groundwater stocks is taken as the fi rst in-
dicator of water scarcity (Shah and Indu 2004). More-
over, groundwater is considered to be less vulnerable
than surface sources to climate fl uctuations and can
therefore help to stabilise agricultural populations and
reduce the need for farmers to migrate when drought
threatens agricultural livelihoods (Moench 2002). In
other words, groundwater resources provide a reli-
able drought buffer in large regions of the world
(Calow et al 1997).

The ability to access groundwater plays a major
role in reducing risk and increasing incomes (Moench
2003), especially when

other modes of irrigation are absent. In this pa-
per, we attempt to capture the multiple dimensions of
a resource that is used on a large scale in most popu-
lated regions of the world, primarily due to such abil-
ity. We keep an India-focus for the reason that India
has emerged as one of the largest users of groundwa-
ter in the world. Our own experience suggests that
groundwater management in a country like India is
proving to be a challenge on many counts. We attempt
here to unpack myriad problems and r esponses asso-
ciated with groundwater use and suggest a way for-
ward to meet some of these challenges.

Framework for Sustainable Groundwater Manage-
ment

As discussed in the previous section, the fi rst step
in sustainable management of groundwater is to care-
fully construct a disaggregated picture by mapping
aquifers and delineating aquifer t ypologies incorpo-
rating variations in hydrogeological and s ocio-eco-
nomic contexts (Kulkarni and Shankar 2009). Ideally, a
quifer mapping should take place at the scale of water-
sheds of the order of 1,000 to 2,000 hectares. These
maps can be then a ggregated at a more regional scale
rather than move down from an aggregated picture.
Along with mapping, we also need to build a compre-
hensive database on the groundwater fl ow systems
and groundwater availability in each hydrogeological
s etting This database should enable a real time moni-
toring of the status of groundwater use and implemen-
tation of remedial measures in cases where the resource
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is threatened with depletion. Such efforts need to be
dovetailed with the Development of Water Resources
Information System scheme (implemented by the CWC
and ISRO), which aims to put in place a web-enabled
w ater resources information system. Eventually, we
need to bring this information support to the water-
shed and village-level, which could enable the village
communities and their institutions to take informed
decisions about their water resources.

Emphasising the need to maintain groundwater
balance, the

Planning Commission’s Expert Group has spoken
about the need

for “adopting for all groundwater management
units a sustainableyield management goal, which means
that average withdrawals should not exceed long-term
recharge” (Planning Commission 2007: 47). In other
words, this goal is the absolute limit imposed by the
nature of the resource and which should not be vio-
lated.

Disaggregated aquifer maps and database man-
agement system will make it possible to determine this
sustainable yield management goal for each aquifer and
watershed in a given hydrogeologic setting. This gives
us the quantum of groundwater available that is to be
apportioned between competing uses and users. The
next step, therefore, is to defi ne a broad set of priori-
ties of water use at an aquifer or watershed level at-
tempt to shape the existing use pattern to suit these
priorities. This involves working out l ocationspecific
protocols and agreements within the user community
for sustainable use of water. These protocols emphasise
drinking water security as their primary objective. Sus-
tainable use of groundwater involves adoption of
norms related to enhancing recharge through protec-
tion of the recharge area, controlling the depth and
spacing of wells, regulating capacity and effi ciency of
pumps used, water-saving irrigation methods and over-
all regulation of cropping pattern to rationalise water
use in agriculture.

Clearly, implementation of these strategies is not
a technical

planning exercise. These are not fi xed solutions
frozen at a point in time, but rather an evolving set of
rules emerging from a continuous and active dialogue
within the community of users. These rules are facili-

tated and supported by a scientific understanding of
the characteristics of the resource (Kulkarni and
Shankar 2009).

These location-specifi c protocols offer a menu of
options both

on the supply and demand side of management of
water in the

aquifer system. We must remember that however
much water we may conserve and collect, it will prove
inadequate unless we carefully scrutinise uses to which
water is put. The fundamental binding constraint is
really provided by the demand side. Hence, demand
regulation is as integral a part of this effort as supply
augmentation through recharge. Figure 3 provides a
schematic view of the relationship between availabil-
ity, demand and supply of groundwater in any region.
The availability (within a hydrologic/hydrogeologic
unit) defines the upper limit for demand and supply.
In the case of groundwater, availability can be defi ned
as the environmentally sustainable withdrawal of
groundwater that the aquifer can support. In many rural
areas of India, a single v illage usually has different
episodes of supply augmentation – in other words,
water supply schemes or well excavations that simply
try to keep a pace with the ever-increasing demand.
Most supplies are engineering techno-fi xes that cater
to a certain “demand range”. Hence, they work for a
certain period in time, after which demand outstrips
the supply range and a defi cit is created, for which
another scheme (supply-step) is created. Each supply,
as Figure 3 illustrates, has a fi xed time frame and is
inexorably driven by the uncontrolled growth in de-
mand.

With demand continuously on the rise, it would
eventually o utstrip supply when all available (local)
supply options are e xhausted. This would necessitate
getting water from “external” sources, needing trans-
fer of water across large distances. The e xtreme ex-
ample of this is the proposal for interlinking of rivers
and transfer of water across basins. We have also seen
this situation in many urban areas of the country, es-
pecially with respect to drinking water and now see
the same situation gradually unfolding in many rural
areas as well. With active social regulation and man-
agement of ground water, the demand could be regu-
lated (light green line) in such a way that it remains
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within the ecological boundary of available supply.
In other words, with demand management, a wa-

ter s upply scheme in a village or a town tends to run
over a longer period of time, a simple conceptualisation
of sustainability. This conceptualisation sets the theme
for a strong articulation of d emand management of
groundwater in the current Indian context. The
conceptualisation itself includes availability or resource
pool as a basis to think about sustainability. The con-
cept therefore also poses the question of resource gov-
ernance going beyond regulating demand and manag-
ing supply; groundwater governance, we believe, comes
down to understanding the resource – the aquifer in
this case.

Groundwater quality is of equal importance too.
For instance, under certain hydrogeologic conditions,
a depleted aquifer would also imply deterioration in
groundwater quality. Although recharge is c onsidered
today as a magic wand diluting the contaminants, a
certain degree of caution is to be exercised with re-
spect to groundwater quality. The mandate for moni-
toring groundwater quality data would need to con-
sider appropriate links to drinking water, public health
and even to the use of groundwater in agriculture and
industry. An aquifer-based approach will be able to
then defi ne the boundaries of observation and basis
for analysis. These data could then be aggregated at
required spatial (village/district) or temporal (monthly/
yearly) intervals.

Backed by aquifer-level mapping and database
support, several groundwater management pilots could
be initiated in different hydrogeological settings of the
country. Each of these pilots could cover an area of
5,000 to 10,000 ha or boundaries of an aquifer, which-
ever is less. Some of these pilots could focus on the
critical and overexploited blocks of the country with
the objective of drawing up a comprehensive
programme of aquifer management to address the cri-
sis. The lessons learnt here could be scaled up to cover
a larger number of blocks later. For better results, these
p ilots sought to be designed so that they converge
seamlessly into ongoing programmes like MGNREGA,
IWMP, artifi cial recharge, etc. Convergence with on-
going drinking water and sanitation projects also be-
comes signifi cant in this regard. The scourge of water
initiatives in India has been sectoral

compartmentalisation, with very little interaction across
sectors. This needs to be broken down and then built
up into a more robust manner of i ntegrated thinking
on water to emerge.

Implementation of strategies for sustainable man-
agement of

groundwater also involves a rearticulation of the
legal framework on groundwater. In recent years, sev-
eral state governments have enacted their own ground-
water laws. The common problem with all these pieces
of legislation is their excessive reliance on the com-
mand-and-control mechanism. In a country with a
multitude of users scattered across a wide landscape
and with unregulated access to groundwater, such an
approach has very little chance of success. Indeed, co-
operative management by the user communities is the
only available option (Planning Commission 2007).

Equally important, the legal framework needs to
be sensitive to the common property aspect of ground-
water. In its landmark judgment on the Coca Cola case
(Perumatty Grama Panchayat vs State of Kerala), the
Kerala High Court declared,

The state is the trustee of all natural resources
which are by n ature meant for public use and enjoy-
ment. Public at large is the benefi ciary of the sea, shore,
running waters, air, forests and ecologically fragile
lands. The state as a trustee is under a legal duty to
protect the natural resources. These resources meant
for public use cannot be converted into private owner-
ship” (emphases added).

Acceptance of this public trust principle implies that
the right

to water is to be separated from the right to land.
The r ecently

enacted Andhra Pradesh Water, Land and Trees
Act ( APWALTA) and the proposed Maharashtra
Groundwater (Development and Management) Bill,
2009, empower the state to act as the trustee of public
good and interfere with individual rights wherever it
comes into confl ict with public interest. However,
keeping in mind the grim situation of groundwater in
some states, this common property aspect needs much
clearer e mphasis in the state acts.
Minerals and Energy Resources, Distribution and
utility
(a) metalic minerals (ion ore, copper, bauxite,
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magnese)
Though minerals account for a small share of the

country’s production, their supply is essential for the
development of India’s mode rn economy. They are
basic and strategic raw materials for the production of
a wide range of industrial and consumer products,
military and transport equipment, infrastructure, en-
ergy, communications and many other essential

services.
Economic minerals, i.e. the minerals that can be

marketed for productive purposes can be classified into
three categories :
(i) Energy or fuel minerals (coal, gas, oil, uranium);
(ii) Metallic minerals: ferrous (iron ore, chrome ore,

titanium); basic metals (bauxite and copper) and
precious (gold, silver, platinum); and

(iii) Non-metallic minerals (diamond, gems , salt, bricks
and stones)
Mineral resources reserves in India are extensive

and cover all these three categories comprising a wide
variety such as barite, bauxite, chromite, coal (bitumi-
nous), copper, diamond, gold, iron ore, manganese,
petroleum/oil, zinc and a host of other industrial min-
erals. The country’s barite, bauxite, chromite, coal, lime-
stone and manganese reserves or resources are among
the ten largest mineral reserves in the world.

India, today, is a major minerals producer rank-
ing among the world’s leading producers of chromite,
coal (bituminous), iron

ore, manganese, bauxite and zinc. There are as
many as 84 minerals produced in the country which
included 4 energy (fuel) minerals, 10 metallic and 44
non-metallic (industrial) minerals, 3 atomic minerals
and 23 minor (building and other) materials. In meet-
ing the demand for primary mineral raw material for
its domestic mineral-based industries, India is by and
large self-sufficient in bauxite, chromite, iron and man-
ganese ores, coal (with the exception of very low cok-
ing coal required in steel plants), lignite, ilmenite and
rutile among metallic minerals and almost all indus-
trial minerals with very few exceptions.
Mineral Production during March 2013
 The total value of mineral production (excluding

atomic & minor minerals) in the country during
March 2013 was Rs. 20475 crore.

 The contribution of coal was the highest at Rs. 7766

crore (38%).
Next in the order of importance were:
 petroleum (crude) Rs. 5888 crore,
 iron ore Rs. 2530 crore,
 natural gas (utilized) Rs. 1992 crore,
 lignite Rs. 595 crore and
 limestone Rs. 391 crore.

These six minerals together contributed about 94%
of the total value of mineral production in March 2013.
Production level of important minerals in March 2013

were:
 coal 650 lakh tonnes,
 lignite 54 lakh tonnes,
 natural gas (utilized) 3112 million cu. m.,
 petroleum (crude) 32 lakh tonnes,
 bauxite 1677 thousand tonnes,
 chromite 348 thousand tonnes,
 copper conc. 11 thousand tonnes,
 gold 135 kg.,
 iron ore 113 lakh tonnes,
 lead conc. 18 thousand tonnes,
 manganese ore 215 thousand tonnes,
 zinc conc. 161 thousand tonnes,
 apatite & phosphorite 226 thousand tonnes,
 dolomite 579 thousand tonnes,
 limestone 250 lakh tonnes,
 magnesite 16 thousand tonnes and
 diamond 4408 carat.
In March 2013 the output of diamond increased by

58.3%,
 chromite 35.1%,
 lignite 29.1%,
 coal 25.3%,
 zinc conc.16.6%,
 copper conc. 15.0%,
 petroleum (crude) 12.1%,
 natural gas (utilized) 10.5%,
 lead conc. 10.0%,
 limestone 9.6%,
 bauxite 9.3%,
 iron ore 7.7%,
 gold 6.3%,
 manganese ore 6.2%,
 dolomite 2.3% and
 apatite & phosphorite 0.1% percent.

However the production of magnesite decreased by
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0.3 percent.
Types, Locational Patterns
Manganese

Orissa, Maharashtra (Nagpur, Bhandara,
Ratnagiri), Madhya Pradesh (Balaghat, Chhindawara),
Karnataka(Keonjhar, Bonai, Kalahandi), Andhra
Pradesh (Kadur, Garibadi).
Copper Minerals

Madhya Pradesh (Balaghat), Rajasthan (Khetri),
Jharkhand (Singhbhum, Masobani, Surda), Karnataka
(Chitradurg, Hassan).
Mica Minerals

Jharkhand (Hazaribagh, Giridih, Kodarma), Bihar
(Goya, Bhagalpur), Andhra Pradesh (Guntur, Vizag,
Kurnool), Rajasthan (Bhilwara, Udaipur, Jaipur).
Petroleum Resources in India

Assam (Digboi, Naharkatiya, Badarpur, Masinpur
and Pallharia), Gujarat, (Ankleshwar, Khambat, Kalol),
Mumbai High, Bassein (south of Mumbai High), etc.
Recently oil has been discovered in Cauvery basin,
Krishna and Godavary basin, Khambat basin, etc.
Iron Resources

India possesses Haematite, a very high-grade iron
ore. In Madhya Pradesh (Bailadila, Jabalpur), Goa
(North Goa), Karnataka (Bababudan hills,
Chikmagalur, Hospet), Jharkhand (Singhbhum,
Naomundi), Andhra Pradesh, Orissa.

India is the fifth largest exporter of iron ore in the
world. Japan is the biggest buyer accounting for about
3/4th of India's total exports. Major ports handling iron
ore export are Vishakhapatnam, Paradip, Marmagao
and Mangalore.
Bauxite Resources

Chief ore for producing aluminium. In Orissa
(Kalahandi, Koraput, Sundargarh, Bolangir,
Sambalpur), Jharkhand (Lohardaga, Gumla), Madhya
Pradesh (Jabalpur, Mandla, Shahdol, Kami, Balaghat),
Maharashtra, Andhra Pradesh, Gujarat, Tamil Nadu.
Gold Resources in India

Karnataka (Kolar, Hutti, Raichur), Andhra Pradesh
(Ramgiri and Yeppamanna goldfields in Chittor and
Anantapur districts).
Silver, Zinc & Lead

Rajasthan (Zawar mines near Udaipur), Andhra
Pradesh (Mysore, Chitradurg), Karnataka (Kolar
mines).

Uranium Resources in India
Jharkhand (Jaduguda), Rajasthan (Ajmer), Andhra

Pradesh (Nellore, Nalgonda), Karnataka (Gulbarga).
Thorium Resources in India

Kerala coast (From Monazite sand), rocks of
Aravallis in Rajasthan.
(b) non-metallic and conventional minerals (coal,
petroleum and natural gas)

India also produces a large number of non-metal-
lic minerals although only a few of them have assumed
as much industrial and economic importance as is done
by the metallic minerals.
Coal Resources in India

West Bengal (Raniganj, Burdwan, Bankura,
Purulio, Birbhum, Jalpaigudi, Darjeeling), Jharkhand
(Jharia, Giridih, Kharhawadi, Bokaro, Hazaribagh,
Kamapura, Rampur, Palamau), Orissa (Rampur,
Hindgir, Talcher, Sambal), Madbyo Pradesh and
Chhatisgarh (Rewa, Pench valley, Umaria, Korba,
Sohagpur, Mand river area, Kanha valley, Betul), etc.
Power sector is the largest consumer of coal in India
followed by steel industry, cement industry, etc.
Petroleum

The word ‘petroleum’ has been derived from two
Latin words Petra (meaning rock) and Oleum (mean-
ing oil). Thus petroleum is oil obtained from rocks;
particularly sedimentary rocks of the earth. Therefore,
it is also called mineral oil.

Technically speaking, petroleum is an inflammable
liquid that is composed of hydrocarbons which consti-
tute 90 to 95 per cent of petroleum and the remaining
is chiefly organic compounds containing oxygen, ni-
trogen, sulphur and traces of organo-metallic com-
pounds.

Crude petroleum consists of a mixture of hydro-
carbons—solid, liquid and gaseous. These include com-
pounds belonging to the paraffin series and also some
unsaturated hydrocarbons and small proportion be-
longing to the benzene group.

Petroleum and petroleum products are mainly used
as motive power. It is a compact and convenient liquid
fuel which has revolutionised transportation on land,
in the air and on water. It can be easily transported
from the producing areas to the consuming areas with
the help of tankers and more conveniently, efficiently
and economically by pipelines.

It emits very little smoke and leaves no ash, (as is
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the case in coal utilisation) and can be used upto the
last drop. It provides the most important lubricating
agents and is used as an important raw material for
various petro-chemical products.

Origin and Occurrence of Petroleum
Petroleum has an organic origin and is found in

sedimentary basins, shallow depressions and in the seas
(past and present). Most of the oil reserves in India are
associated with anticlines and fault traps in the sedi-
mentary rock formations of tertiary times, about 3 mil-
lion years ago. Some recent sediment, less than one
million years also show evidence of incipient oil.

Oil and natural gas originated from animal or veg-
etable matter contained in shallow marine sediments,
such as sands, silts and clays deposited during the pe-
riods when land and aquatic life was abundant in vari-
ous forms, especially the minor microscopic forms of
flora and fauna.

Conditions for oil formation were favourable es-
pecially in the lower and middle Tertiary period. Dense
forests and sea organisms flourished in the gulfs, estu-
aries, deltas and the land surrounding them during this
period. The decomposition of organic matter in the
sedimentary rocks has led to the formation of oil.
Though oil is mainly found in sedimentary rocks, all
sedimentary rocks do not contain oil.

An oil reservoir must have three pre-requisite con-
ditions: (i) porosity so as to accommodate sufficiently
large amounts of oil; (ii) permeability to discharge oil
and/or gas when well has been drilled; (iii) the porous
sand beds sandstone, conglomerates of fissured lime-
stone containing oil should be capped by impervious
beds so that oil does not dissipate by percolation in
the surrounding rocks.

Oil on a commercial scale is usually found where
the sedimentary rock strata are inclined and folded; in
a sort of chamber or reservoir, in the highest possible
situation e.g. crests of anticlines. Normally, oil is asso-
ciated with water. Being lighter than water (specific
gravity of 0.8 to 0.98), it collects in the anticlines or
fault traps above the surface of water. Gas is still lighter
and occurs above oil. Thus on drilling an oil well, one
finds gas followed by oil, although gas seepage is not
always a sure indication of an oil reservoir.

As already mentioned, oil as well as natural gas in
India occur in sedimentary rocks. About 14.1 lakh sq
km or about 42 per cent of the total area of the country
is covered with sedimentary rocks out of which about
10 lakh sq km form marine basins of Mesozoic and
Tertiary times.

Besides, the country has offshore areas having
Mesozoic and Tertiary rocks of marine origin covering
an area of 2.5 lakh sq km upto a depth of 100 metre
and another area of 0.7 lakh sq km upto a depth be-
tween 100 and 200 metre. Thus the total continental
shelf of probable oil bearing rocks amounts to 3.2 lakh
sq km.

The total sedimentary area including both on shore
and offshore comprises 27 basins. The geological and
geophysical studies have been conducted in 14 basins
while exploratory drilling has been done in 9 basins.
Mumbai High, the Khambhat Gulf and the Assam are
the most productive areas.

Oil Reserves
Although India has vast areas covered by sedi-

mentary rocks, structures containing oil are not in pro-
portion to the expanses of these rocks and are found in
limited situations. The Indian Mineral Year Book 1982
estimated a reserve of 468 million tonnes of which 328
million tonnes was available in Mumbai High. In 1984
the reserves were estimated at 500 million tonnes.

The Indian Petroleum and Natural Gas Statistics
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put the total reserves of crude oil at 581.43 million
tonnes in 1986-87. The prognosticated hydrocarbon
resource base in Indian sedimentary basins including
deep water has been estimated at about 28 billion
tonnes.

Of this only about one-fourth i.e., 7.2 billion tonnes
of in place hydrocarbon reserves have been established
as on 1 April, 2002. About 70 per cent of the estab-
lished hydrocarbon reserves is oil and rest is gas. The
recoverable hydrocarbon reserves are of the order of
2.6 billion tonnes.

Oil Refineries
Oil extracted from the oil wells is in its crude form

and contains many impurities. It is refined in oil refin-
eries before use. After refining, various products such
as kerosene, diesel, petrol, lubricants, bitumen, etc. are
obtained. Although India’s first oil refinery started
working way back in 1901 at Digboi in Assam, it re-
mained the only refinery in the whole of India for more
than half a century.

It was only in 1954 that another refinery at Tarapur
(Mumbai) joined the lone refinery of Digboi. Since then
oil refining in India has progressed at a rapid pace.
Today there are 19 refineries in the country, 17 in the
public sector, one in joint sector and one in private sec-
tor. The installed refining capacity was only 0.3 mil-
lion tonnes in 1950-51 which rose to 121.8 million met-
ric tonnes in 2003-04.

Seventeen public sector refineries are located at
Guwahati, Barauni, Koyali, Haldia, Mathura, Digboi,
Panipat, Chennai, Narimanam, Bongaigaon, Mumbai
(HPCL), Vishakhapatnam, Mumbai (BPCL), Kochi,
Numaligarh, Tatipaka (ONGC) and Bina (M.P.) Bina
refinery was inaugurated in June 2003. Aggregate re-
fining capacity of these plants is 75.95 million tonnes
per annum.

There are 19 refineries in India, 16 in public sec-
tor, one in joint sector and two in private sector. Public
sector refineries are located at Digboi, Guwahati,
Bongaigaon, Barauni, Haldia, Koyali, Mathura, Kochi,
Chennai, Vishakhapatnam, Mumbai (2), Panipat,
Narimanam, Numanigarh and Tatipaka. Joint sector
refinery is at Mangalore. The private sector refinery of
Reliance Limited is at Jamnagar, Gujarat and Essar
Refinery at Vadinar, Gujarat.
1. Haldia Refinery (IOC)

2. Mumbai Refinery (HPCL)
3. Panipat Refinery (IOC)
4. Vishakhapatnam Refinery (HPCL)
5. Digboi Refinery (IOC)
6. Mumbai Refinery Mahaul (BPCL)
7. Gujarat Refinery (IOC)
8. Nagapattnam Refinery (CPCL)
9. Barauni Refinery (IOC)
10. Kochi Refinery (Kochi Refineries Ltd)
11. Guwahati Refinery (IOC)
12. Numaligarh Refinery (NRL)
13. Mathura Refinery (IOC)
14. Mangalore Refinery (MRPL)
15. Bongaigaon Refinery (IOC)
16. Tatipaka Refinery (ONGC)
17. Manali Refinery (IOC)
18. Essar Refinery (Essar)
19. Jamnagar Refinery (Reliance Petroleum)
Natural Gas

As per the Ministry of petroleum, Government of
India, India has 1,437 billion cubic metres (50.7×1012
cu ft) of confirmed natural gas reserves as of April 2010.
A huge mass of India’s natural gas production comes
from the western offshore regions, particularly the
Mumbai High complex. The onshore fields in Assam,
Andhra Pradesh, and Gujarat states are also major pro-
ducers of natural gas. As per EIA data, India produced
996 billion cubic feet (2.82×1010 m3) of natural gas in
2004. India imports small amounts of natural gas. In
2004, India consumed about 1,089×109 cu ft (3.08×1010
m3) of natural gas, the first year in which the country
showed net natural gas imports. During 2004, India
imported 93×109 cu ft (2.6×109 m3) of liquefied natural
gas (LNG) from Qatar.

As in the oil sector, India’s state-owned compa-
nies account for the bulk of natural gas production.
ONGC and Oil India Ltd. (OIL) are the leading com-
panies with respect to production volume, while some
foreign companies take part in upstream developments
in joint-ventures and production sharing contracts.
Reliance Industries, a privately owned Indian company,
will also have a bigger role in the natural gas sector as
a result of a large natural gas find in 2002 in the Krishna
Godavari basin. The Gas Authority of India Ltd. (GAIL)
holds an effective control on natural gas transmission
and allocation activities. In December 2006, the Minis-
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ter of Petroleum and Natural Gas issued a new policy
that allows foreign investors, private domestic compa-
nies, and Government oil companies to hold up to 100%
equity stakes in pipeline projects. While GAIL’s domina-
tion in natural gas transmission and allocation is not
ensured by statute, it will continue to be the leading
player in the sector because of its existing natural gas
infrastructure.
(c) Hydro electricity and non conventional
sources of energy (Solar, Wind, bio-gas)
Hydro electricity

The water wheel, as developed in the early part
of 19th century, played an important role in convert-
ing water power into mechanical power. With the in-
vention of steam engines, the use of water wheel be-
gan to decrease and larger steam engines were devel-
oped. Steam engines possessed the advantage of mo-
bility, allowing power to be produced, where it was
required and also that of flexibility in its application.

It was only later with the discovery of conversion
of mechanical energy into electric energy, and trans-
mission of electric energy being the most efficient
method of transporting energy from one place to an-
other, that water wheel was revived. The modern
water turbine, is being built in single unit of more than
200 MW. Also, the concept multipurpose project, in
which the production of power is included as one of
several uses (flood control, navigation, irrigation, wa-
ter for domestic and industrial purpose, etc.), has led
to the development of sites which otherwise could not
be harnessed economically for power alone. The capi-
tal investment per KW is much higher in case of hydro
power as compared to thermal power. This is because
in order to store water at sufficient head, it is essential
to construct a dam which is a costly affair. However,
the running cost of hydro electric energy is much less
as no fuel is used.

Water power differs fundamentally from thermal
power in that it represents an inexhaustible source of
energy which is continually replenished by the direct
agency of the Sun; whereas thermal power represents
chemical energy which has been created and stored
within the earth’s crust during past geological ages.
The use of chemical energy is thus equivalent to the
consumption of capital as the replacement is not so easy.
Another important difference between the two is that

whereas water power can be developed only where it
is present in nature, thermal power (liquid or solid fuel)
can be transported for use from one place to another.
Non-conventional sources of energy

The contemporary non-conventional sources of
energy like wind, tidal, solar etc. were the conventional
sources until James Watt invented the steam engine in
the eighteenth century. In fact, the New World was
explored by man using wind-powered ships only. The
nonconventional sources are available free of cost, are
pollution-free and inexhaustible. Man has used these
sources for many centuries in propelling ships, driving
windmills for grinding corn and pumping water, etc.
Because of the poor technologies then existing, the cost
of harnessing energy from these sources was quite high.
Also because of uncertainty of period of availability
and the difficulty of transporting this form of energy,
to the place of its use are some of the factors which
came in the way of its adoption or development. The
use of fossil fuels and nuclear energy replaced totally
the non-conventional methods because of inherent ad-
vantages of transportation and certainty of availabil-
ity; however these have polluted the atmosphere to a
great extent. In fact, it is feared that nuclear energy
may prove to be quite hazardous in case it is not prop-
erly controlled.

In 1973 the Arab nations placed an embargo on
petroleum. People began to realise that the fossil fuels
are not going to last longer and that remaining reserves
should be conserved for the petro-chemical industry.
But unfortunately, both nuclear and coal energy pose
serious environmental problems. The combustion of
coal may upset the planet’s heat balance. The produc-
tion of carbondioxide and sulphurdioxide may ad-
versely affect the ability of the planet to produce food
for its people. Coal is also a valuable petro-chemical
and from long term point of view it is undesirable to
burn coal for generation of electricity. The major diffi-
culty with nuclear energy is waste disposal and acci-
dental leakage (e.g. leakage at Chernobyl nuclear power
plant).

As a result of these problems, it was decided by
almost all the countries to develop and harness the non-
conventional sources of energy, even though they are
relatively costlier as compared to fossil-fuel sources. It
is hoped that with advancement in technology and more
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research in the field of development of non-conven-
tional sources of energy, these sources may prove to
be cost-effective as well. The future of wind, solar, tidal
and other energy sources is bright and these will play
an important role in the world energy scenerio.

The following sections have been devoted to the
study of some of the important nonconventional sources
of energy.
Solar Energy

Sun is the primary source of energy. The earth re-
ceives 1.6 × 1018 units of energy from the Sun annually,
which is 20,000 times the requirement of mankind on
the earth. Some of the solar energy causes evaporation
of water, leading to rains and creation of rivers etc.
Some of it is utilized in photosynthesis which is essen-
tial for sustenance of life on earth. Man has tried, from
time immemorial, to harness this infinite source of en-
ergy, but has been able to tap only a negligibly small
fraction of this energy, till today.

Three broad categories of possible large scale ap-
plications of solar power are :
(i) The heating and cooling of residential and com-

mercial buildings;
(ii) The chemical and biological conversion of organic

material to liquid, solid and gaseous fuels; and
(iii) Conversion of solar energy to electricity.

The use of solar energy for generation of electric-
ity is costly as compared to conventional methods.
However, due to scarcity of fuel, solar energy will cer-
tainly find a place in planning the national energy re-
sources.

Solar Heating is to capture/concentrate sun’s en-
ergy for heating buildings and for cooking/heating
foodstuffs etc. solar electricity is mainly produced by
using photovoltaic solar cells which is made of semi
conducting materials that directly converts sunlight into
electricity. Obviously the Sun doesn’t provide constant
energy at any spot on the Earth, so it’s use is limited.
Therefore often Solar cells are used to charge batteries
which are used either as secondary energy source or
for other applications of intermittent use such as night
lightening or water pumping etc. A solar power plant
offers good option for electrification of disadvanta-
geous locations such as hilly regions, forests, deserts
and islands where other resources are neither avail-
able nor exploitable in techno economically viable man-

ner.
Wind Energy

The wind wheel, like the water wheel, has been
used by man for a long time for grinding corn and
pumping water. Ancient seamen used wind power to
sail their ships. With the development of the fossil fu-
elled and hydro-electric plants, there was decline in
the use of wind power due to the less cost involved in
the new methods. Another difficulty with wind power
was the problem of energy storage. The energy could
not be made available, on demands, due to uncertain-
ties of wind. Due to these two reasons, no further at-
tempt was made to develop wind power for large scale
power generation.

Characteristics of Wind Power
Wind as a source of energy is plentiful, inexhaust-

ible and pollution free but it has the disadvantage that
the degree and period of its availability are uncertain.
Also, movement of large volumes of air is required, to
produce even a moderate amount of power. As a re-
sult, the wind power must be used as and when it is
available, in contrast to conventional methods where
energy can be drawn upon when required. Wind
power, therefore, is regarded as a means of saving fuel,
by injection of power into an electrical grid, or run wind
power plant in conjunction with a pumped storage plant.

The power that can be theoretically obtained from
the wind, is proportional to the cube of its velocity
and thus high wind velocities are most important. The
power developed using this law, in atmospheric con-
dition where the density of air is 1.2014 kg/cu metre,
is given as

Power developed = 13.14 × 10–6 A V 3 KW
where A is the swept area in sq. metre and V the

wind velocity in Km/hr. The energy developed is af-
fected by :

The Altitude of the Site
The velocity of the wind increases with the alti-

tude. In general, the higher the wind wheel is placed
above ground, the greater will be wind power avail-
able.
Bio-Gas Energy

Solid biomass
Plants use photosynthesis to store solar energy in

the form of chemical energy.The easiest way to release
this energy is by burning the dried up plants. Solid
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biomass such as firewood or combustible field crops
including dried manure is usually burnt to heat water
and to drive turbines. Field crops may be grown spe-
cifically for combustion or may be for other purposes
and the processed plant waste then used for
combustion.Most sort of biomass including sugarcane
residue, wheat chaff, corn cobs and other plant matter
can be, and is, burnt quiet successfully. Currently bio-
mass contributes 15% of total energy supply world
wide.

A drawback is that all these biomass needs to go
through some of these steps: It needs to be grown,
collected, dried and fermeneted and burned. All of
these steps require resources and an infrastructure.

Bio-fuel
Bio-fuel is any fuel that derives from biomass- re-

cently living organisms or their metabolic byproducts,
such as manure from cows. Typically bio-fuel is burnt
to release it’s stored chemical energy. Biomass, can be
directly used as fuel or to produce liquid biofuel. Ag-
riculturally produced biomass fuels, such as biodiesel,
ethanol and bagasse(often byproduct of sugarcane cul-
tivation) can be burnt in internal combustion engines
or boilers.

Biogas
Biogas can easily be produced from current waste

streams,such as paper production, sugarcane produc-
tion, sewage, animal waste and so forth. The various
waste streams have to be slurred together and allowed
to naturally ferment, producing 55% to 70% inflam-
mable methane gas. Biogas production has the capac-
ity to provide us with about half of our energy needs,
either burned for electrical productions or piped into
current gas line for use. This has to be done and made
a priority. The payback period of biogas is around 2-3
years, rather in case of community and institutional
Biogas plant is even less. Therefore biogas electrifica-
tion at community level is required to be implemented.
(d) Energy sources, their distribution and con-
servation

Energy is stored and is available in different forms
and sources. The 24,330 times more solar energy that
is available than we need is not in a readily usable form.
It needs to be concentrated.

For example, when oil (a concentrated fuel) is burnt
with air, the resulting gases can reach high tempera-
tures. Solar energy, as it is, is not concentrated and

cannot reach those high temperatures. Therefore, we
use more concentrated energy sources.These sources
are divided into two groups—renewable and nonre-
newable.

Renewable Energy Sources: Energy sources that can
be replenished over and over again; they are never
depleted. Some examples include hydropower, solar,
wind, tidal, geothermal energy from inside the earth,
biomass from plants, and nuclear fusion.

These types of energy sources are usually con-
verted into electricity or thermal (heat) energy.

Nonrenewable Energy Sources: Energy sources that
we are using up and cannot produce in a short period
of time. Some examples include fossil fuels (Petroleum
Oil, Natural Gas and Coal), Tar Sands, and Nuclear
Fission.

Another nonrenewable energy source is the ele-
ment uranium, whose atoms we split (through a pro-
cess called nuclear fission) to create heat and ultimately
electricity.

These types of energy sources are usually con-
verted into electricity and mechanical energy.

We get most of our energy from these nonrenew-
able energy sources.

Fossil Fuel Distribution : The fossil fuels, nonre-
newable energy sources formed over a million years,
are not distributed uniformly over the earth’s surface.
Depending on the climate conditions millions of years
ago, certain parts of the land masses were favorable
for organic matter to grow and thrive.

Over geological ages, these land masses moved,
and certain regions are richer in fossil fuels than oth-
ers. Roll over the map below, and answer the ques-
tions based on your observations.
Energy Conservation

Energy conservation refers to reducing energy
consumption through using less of an energy service.
Energy conservation differs from efficient energy use,
which refers to using less energy for a constant ser-
vice. For example, driving less is an example of energy
conservation. Driving the same amount with a higher
mileage vehicle is an example of energy efficiency. En-
ergy conservation and efficiency are both energy re-
duction techniques.

Even though energy conservation reduces energy
services, it can result in increased environmental qual-
ity, national security, personal financial security and
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higher savings. It is at the top of the sustainable en-
ergy hierarchy. It also lowers energy costs by prevent-
ing future resource depletion.

Petroleum Conservation Research Association
(PCRA) www.pcra.org is an Indian government body
created in 1977 and engaged in promoting energy effi-
ciency and conservation in every walk of life. In the
recent past PCRA has done mass media campaigns in
television, radio & print media. An impact assessment
survey by a third party revealed that due to these mega
campaigns by PCRA, overall awareness level have gone
up leading to saving of fossil fuels worth crores of
rupees(Indian currency) besides reducing pollution.

Bureau of Energy Efficiency is an Indian govern-
mental organization created in 2001 responsible for
promoting energy efficiency and conservation.
Development of industries

In this twentieth century when science and tech-
nology have gained unquestionable supremacy, the level
of the' industrial develop-ment of a country has be-
come the yardstick to be applied to judge its actual
development. All other progress has become meaning-
less; if a country is technologically backward, it is back-
ward irrespective of any other excellence it might have
acquired.

It is a well-known fact that British Government
never inten-ded to develop the industries in our coun-
try during pre-independence period. After indepen-
dence the people of this country entertained high hopes
from the government for the betterment of their life it
is the industrial development which provides basic in-
frastructure necessary for the development of the
economy as a whole. Industrial Policy, 1948 and the
Industries (Development and Regulation) Act, 1957
gave an idea of the attitude of the Government with
regard to the development of industries. But, it was
only the adoption of planning in 1951 which created a
favorable atmosphere for the development of indus-
tries.

The history of organized industry in India may be
traced to 1854 when the real beginning of the cotton
mill industry was made in Bombay. The foundations
of jute industry were laid near Calcutta in 1855, Coal-
mining also progressed about this time. There were
the only major industries which had developed
substan-tially before the First World War. During and
after World war I and II, a somewhat more liberal

policy was adopted by the authorities, such as, a dis-
criminating protection policy, which gave impetus to
industrial development. Several industries developed
and a number of new industries came up but their pro-
duction was neither adequate nor diversified in char-
acter.

The development of the economy can be measured
with the help of different criteria, such as the growth
rate in industrial out-put, industry's contribution to
national income, and industry's contribution to employ-
ment. A close application of these criteria divides the
planned period into two distinct phases, the first last-
ing till 1965-66 and the second following there from.
The economy took rapid strides daring the first three
Five-year Plans but slowed down later. The Seventh
Plan envisages a growth rate of 8 percent with some
segments of industry registering a higher growth rate,
but only time can unfold the future achievement. Since
indus-try's contribution to national income and its ca-
pacity to generate employment have displayed similar
trends, we cannot describe our industrial development
as spectacular though there has been a spurt of new
industrial complexes all over the country.

The pattern of our industrial growth was deter-
mined by the state of economy in which the British left
us. The British had used India as a source of cheap raw
material and a lucrative market for finished products
and they had not made any effort to develop the infra-
structure. After getting independence, India immedi-
ately felt the need of capital goods and it was decided
to promote the rapid growth of capital goods indus-
tries. Almost till the end of the Third Five-Year-Plan,
India had to import a variety of capital goods inclu-ding
iron and steel, transport equipment and various kinds
of machinery. But the situation has radically changed
now. India is now in a position to export these capital
goods even to the technologi-cally advanced countries
of Western Europe, America, Soviet Union etc.

A significant feature of our industrial development
has been the phenomenal growth of the public sector.
This sector comprises public utility services like the
railways, road transport, post and telegraph, power
and irrigation projects, departmental undertakings of
the Central and State Governments including the de-
fence produc-tion establishments, and a number of
other industrial undertakings which are wholly sup-
ported by the Central Government. The public sector
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now contributes about one-fifth of the share of indus-
trial sector in the national income and the surpluses
earned by it form an important source of non-tax rev-
enue of the Government. It also offers job opportuni-
ties to a large number of people.

If we aim at an accurate assessment of our achieve-
ment, we should either compare our industrial growth
with the growth in other countries during the corre-
sponding period or, we should measure our achieve-
ment in terms of our targets. Another yardstick can be
to compare our achievement with our needs. This kind
of assess-ment can be quite revealing. In 1947, Japan
was in no better a position than India. If India had
been ruthlessly exploited by the British and fiercely
rocked by communal hatred; violence and blood-shed
in the wake of partition, Japan was laid waste by atom
bombs during the Second World War. But today, Ja-
pan is technologically one of the most advanced coun-
tries of the world. Our achievement has also fallen short
of the targets laid down in the Five-year Plans. If we
compare our performance with our needs and targets
it is obvious that what we have achieved is too inad-
equate to meet them.

Industrialization in India suffers from a few obvi-
ous draw-backs. Though the aim of industrialization
has been to bring amelioration to the miserably poor
millions, somehow economic power and wealth have
been concentrating in a few hands and the masses have,
by and large, been left un-benefited. The industrial li-
censing policy which is only an adjunct to the indus-
trial policy has given rise to many evils, economic, so-
cial and political. This breeds unrest among the poor,
and the labourers employed in big industrial houses
often resort to strikes and lock-outs, giving a serious
blow to the productivity of the system. Finally, regional
disparities and imbalances that should have been elimi-
nated by now still persist. There exist m India a few
pockets that have regis-tered rapid economic develop-
ment while a few areas find them-selves utterly ne-
glected.

Almost every plan has revealed that industrial
production fell short of the target by a wide margin
but, then, there are some inherent shortcomings in our
planning system. It need not be emphasized that plan-
ning has widened the horizon of industrial sector and
opened new vistas of industrial growth.

Types of industries
Industries can be classified into several groups. The

following table gives an understanding about them.
I. On the Basis of Strength of Labour:
1. Large Scale Industry: Industries which employ a

large number of labourers in each unit are called
large-scale industries. Cotton or jute textile indus-
tries are large scale industries.

2. Medium Scale Industries: The industries which
employ neither very large nor very small number
of labourers are put in the category of medium
scale industries. Cycle industry, radio and televi-
sion industries are some examples of medium scale
industries.

3. Small Scale Industries: Industries which are owned
and run by individuals and which employ a small
number of labourers are called small scale indus-
tries.

II. On the Basis of Raw-Material and Finished Goods:
Industries classified on the basis of raw materials

and finished goods are:
1. Heavy Industries: Industries which use heavy and

bulky raw-materials and produce products of the
same category are called heavy industries. Iron and
steel industry presents a good example of heavy
industries.

2. Light Industries : The light industries use light raw-
materials and produce light finished products. Elec-
tric fans, sewing machines are light industries.

III. On the basis of Ownership: Since the start of the
planned development of Indian economy in 1951,
industries are divided in the following four class-
es:

1. Private Sector Industries: Industries owned by in-
dividuals or firms such as Bajaj Auto or TISCO sit-
uated at Jamshedpur are called private sector in-
dustries.

2. Public Sector Industries: Industries owned by the
state and its agencies like Bharat Heavy Electri-
cals Ltd., or Bhilai Steel Plant or Durgapur Steel
Plant are public sector industries.

3. Joint Sector Industries : Industries owned jointly
by the private firms and the state or its agencies
such as Gujarat Alkalies Ltd., or Oil India Ltd. fall
in the group of joint sector industries.

4. Co-operative Sector Industries : Industries owned
and run co-operatively by a group of people who
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are generally producers of raw materials of the
given industry such as a sugar mill owned and run
by farmers are called co-operative sector indus-
tries.

IV. On the Basis of Source of Raw Material: On the
basis of source of raw materials, industries are clas-
sified as under :

1. Agro Based Industries: Agro based industries are
those industries which obtain raw-material from
agriculture. Cotton textile, jute textile, sugar and
vegetable oil are representative industries of agro-
based group of industries.

2. Mineral Based Industries : The industries that re-
ceive raw materials primarily from minerals such
as iron and steel, aluminium and cement indus-
tries fall in this category.

3. Pastoral-Based Industries : These industries de-
pend upon animals for their raw material. Hides,
skins, bones, horns, shoes, dairy, etc. are some of
the pastoral-based industries.

4. Forest Based Industries : Paper card-board, lac,
rayon, resin, tanning of leather, leave- utensils,
basket industries are included in this type of in-
dustries.

V. Miscellaneous Industries : Industries are also clas-
sified into the following miscellaneous categories.

1. Village Industries: Village industries are located
in villages and primarily cater to the needs of the
rural people. They usually employ local machin-
ery such as oil extraction, grain grinding and agri-
cultural implements.

2. Cottage Industries : Industries which artisans set
up in their own houses, work with wood, cane,
brass, stone, etc. are called cottage industries.
Handloom, khadi and leather work at the artisans
house fall in this category.

3. Consumer Goods Industries : Consumer industries
convert raw materials or primary products into
commodities directly used by the people. Textiles,
bakeries, sugar, etc. are some of the consumer
goods industries.

4. Ancillary Industries: The industries which manu-
facture parts and components to be used by big
industries for manufacturing heavy articles like
trucks, buses, railway engines, tractors, etc. are
called ancillary industries.

5. Basic Industries: Industries on which depend many
other industries for their manufacturing processes
are called basic industries. Iron and steel industry
and power generating industry are included in this
category.

6. Capital-Intensive Industries : Industries requiring
huge investments are called capital-intensive in-
dustries. Iron and steel, cement and aluminium are
outstanding examples of capital-intensive indus-
tries.

7. Labour-Intensive Industries: Industries which re-
quire huge labour force for running them are called
labour-intensive industries. In these industries,
labour is more important than capital. Shoe- mak-
ing and bidi-manufacturing, etc. are included in
these industries.

Factors of industrial location
Many important geographical factors involved in

the location of individual industries are of relative sig-
nificance, e.g., availability of raw materials, power re-
sources, water, labour, markets and the transport fa-
cilities.

But besides such purely geographical factors in-
fluencing industrial location, there are factors of his-
torical, human, political and economic nature which are
now tending to surpass the force of geographical ad-
vantages. Consequently, the factors influencing the lo-
cation of industry can be divided into two broad cat-
egories i.e.
(I) Geographical factors, and
(II) Non-geographical factors.
I. Geographical Factors

Following are the important geographical factors
influencing the location of industries.
1. Raw Materials : The significance of raw materials

in manufacturing industry is so fundamental that
it needs no emphasising. Indeed, the location of
industrial enterprises is sometimes determined
simply by location of the raw materials. Modem
industry is so complex that a wide range of raw
materials is necessary for its growth.
Further we should bear in mind that finished prod-
uct of one industry may well be the raw material
of another. For example, pig iron, produced by
smelting industry, serves as the raw material for
steel making industry. Industries which use heavy
and bulky raw materials in their primary stage in
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large quantities are usually located near the sup-
ply of the raw materials.
It is true in the case of raw materials which lose
weight in the process of manufacture or which can-
not bear high transport cost or cannot be trans-
ported over long distances because of their per-
ishable nature. This has been recognised since 1909
when Alfred Weber published his theory of loca-
tion of industry.
The jute mills in West Bengal, sugar mills in Uttar
Pradesh, cotton textile mills in Maharashtra and
Gujarat are concentrated close to the sources of
raw materials for this very reason. Industries like
iron and steel, which use very large quantities of
coal and iron ore, losing lot of weight in the pro-
cess of manufacture, are generally located near the
sources of coal and iron ore.
Some of the industries, like watch and electronics
industries use very wide range of light raw mate-
rials and the attractive influence of each separate
material diminishes. The result is that such indus-
tries are often located with no reference to raw
materials and are sometimes referred to as ‘foot-
loose industries’ because a wide range of locations
is possible within an area of sufficient population
density.

2. Power : Regular supply of power is a pre-requisite
for the localisation of industries. Coal, mineral oil
and hydro-electricity are the three important con-
ventional sources of power. Most of the industries
tend to concentrate at the source of power.
The iron and steel industry which mainly depends
on large quantities of coking coal as source of pow-
er are frequently tied to coal fields. Others like
the electro-metallurgical and electro-chemical in-
dustries, which are great users of cheap hydro-
electric power, are generally found in the areas of
hydro-power production, for instance, aluminium
industry.
As petroleum can be easily piped and electricity
can be transmitted over long distances by wires, it
is possible to disperse the industry over a larger
area. Industries moved to southern states only
when hydro-power could be developed in these
coal-deficient areas.
Thus, more than all other factors affecting the lo-

cation of large and heavy industries, quite often
they are established at a point which has the best
economic advantage in obtaining power and raw
materials.
Tata Iron and Steel Plant at Jamshedpur, the new
aluminium producing units at Korba (Chhattisgarh)
and Renukoot (Uttar Pradesh), the copper smelt-
ing plant at Khetri (Rajasthan) and the fertilizer
factory at Nangal (Punjab) are near the sources of
power and raw material deposits, although other
factors have also played their role.

3. Labour: No one can deny that the prior existence
of a labour force is attractive to industry unless
there are strong reasons to the contrary. Labour
supply is important in two respects (a) workers in
large numbers are often required; (b) people with
skill or technical expertise are needed. Estall and
Buchanan showed in 1961 that labour costs can vary
between 62 per cent in clothing and related indus-
tries to 29 per cent in the chemical industry; in the
fabricated metal products industries they work out
at 43 per cent.
In our country, modem industry still requires a
large number of workers in spite of increasing
mechanisation. There is no problem in securing
unskilled labour by locating such industries in large
urban centres. Although, the location of any in-
dustrial unit is determined after a careful balanc-
ing of all relevant factors, yet the light consumer
goods and agro-based industries generally require
a plentiful of labour supply.

4. Transport : Transport by land or water is neces-
sary for the assembly of raw materials and for the
marketing of the finished products. The develop-
ment of railways in India, connecting the port
towns with hinterland determined the location of
many industries around Kolkata, Mumbai and
Chennai. As industrial development also furthers
the improvement of transport facilities, it is diffi-
cult to estimate how much a particular industry
owes to original transport facilities available in a
particular area.

5. Market: The entire process of manufacturing is
useless until the finished goods reach the market.
Nearness to market is essential for quick disposal
of manufactured goods. It helps in reducing the
transport cost and enables the consumer to get
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things at cheaper rates.
It is becoming more and more true that industries
are seeking locations as near as possible to their
markets; it has been remarked that market attrac-
tions are now so great that a market location is
being increasingly regarded as the normal one, and
that a location elsewhere needs very strong justi-
fication.
Ready market is most essential for perishable and
heavy commodities. Sometimes, there is a consid-
erable material increase in weight, bulk or fragili-
ty during the process of manufacture and in such
cases industry tends to be market oriented.

6. Water: Water is another important require-ment
for industries. Many industries are established near
rivers, canals and lakes, because of this reason. Iron
and steel industry, textile industries and chemical
industries require large quantities of water, for
their proper functioning.
Also it requires 36,400 litres of water to produce
one kwh of thermal electricity. Further, it is worth
noting that water used in industries gets polluted
and is therefore not available for any other pur-
pose.

8. Climate: Climate plays an important role in the
establishment of industries at a place. Harsh cli-
mate is not much suitable for the establishment of
industries. There can be no industrial development
in extremely hot, humid, dry or cold climate.
The extreme type of climate of north-west India
hinders the development of industries. In contrast
to this, the moderate climate of west coastal area
is quite congenial to the development of industries.
Because of this reason, about 24 per cent of India’s
modem industries and 30 per cent of India’s in-
dustrial labour is concentrated in Maharashtra-
Gujarat region alone.
Cotton textile industry requires humid climate
because thread breaks in dry climate. Consequent-
ly, majority of cotton textile mills are concentrat-
ed in Maharashtra and Gujarat. Artificial humidi-
fiers are used in dry areas these days, but it in-
creases the cost of production.

II. Non-Geographical Factors
Now-a-days alternative raw materials are also

being used because of modern scientific and techno-
logical developments. Availability of electric power

supply over wider areas and the increasing mobility of
labour have reduced the influence of geographical fac-
tors on the location of industries.

The non-geographical factors are those including
economic, political, historical and social factors. These
factors influence our modern industries to a great ex-
tent. Following are some of the important non- geo-
graphical factors influencing the location of industries.
1. Capital: Modem industries are capital-intensive

and require huge investments. Capitalists are avail-
able in urban centres. Big cities like Mumbai, Kolk-
ata, Delhi, and Chennai are big industrial centres,
because the big capitalists live in these cities.

2. Government Policies: Government activity in plan-
ning the future distribution of industries, for re-
ducing regional disparities, elimination of pollu-
tion of air and water and for avoiding their heavy
clustering in big cities, has become no less an im-
portant locational factor.
There is an increasing trend to set up all types of
industries in an area, where they derive common
advantage of water and power and supply to each
other the products they turn out. The latest exam-
ple in our country is the establishment of a large
number of industrial estates all over India even in
the small-scale industrial sector.
It is of relevance to examine the influence of In-
dia’s Five Year plans on industrial location in the
country. The emergence of suitable industries in
south India around new nuclei of public sector
plants and their dispersal to backward potential
areas has taken place due to Government policies.
The state policy of industrial location has a great-
er hand in the establishment of a number of ferti-
liser factories, iron and steel plants, engineering
works and machine tool factories including rail-
way, shipping, aircraft and defence installations
and oil refineries in various parts in the new plan-
ning era in free India.
We may conclude by noting that the traditional
explanation of a location of industry at a geograph-
ically favourable point is no longer true. Location
of oil refinery at Mathura, coach factory at
Kapurthala and fertiliser plant at Jagdishpur are
some of the results of government policies.

3. Industrial Inertia : Industries tend to develop at
the place of their original establishment, though
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the original cause may have disappeared. This phe-
nomenon is referred to as inertia, sometimes as
geographical inertia and sometimes industrial in-
ertia. The lock industry at Aligarh is such an ex-
ample.

4. Efficient Organisation: Efficient and enterprising
organisation and management is essential for run-
ning modem industry successfully. Bad manage-
ment sometimes squanders away the capital and
puts the industry in financial trouble leading to
industrial ruin.
Bad management does not handle the labour force
efficiently and tactfully, resulting in labour unrest.
It is detrimental to the interest of the industry.
Strikes and lock-outs lead to the closure of indus-
tries. Hence, there is an imperative need of effec-
tive management and organisation to run the in-
dustries.

5. Banking Facilities: Establishment of industries in-
volves daily exchange of crores of rupees which is
possible through banking facilities only. So the ar-
eas with better banking facilities are better suited
to the establishment of industries.

6. Insurance: There is a constant fear of damage to
machine and man in industries for which insur-
ance facilities are badly needed.

Distribution and changing pattern of selected
industries (iron and steel, cotton textile, sugar
and petro-chemicals)

Any type of industry requires some inputs and
using them a range different output are generated.
Again these outputs are suppose to go to the market if
it is consumer product or go to other industry as input
if it is an intermediary product.

As transportation of various inputs as well as out-
puts entails some transportation costs and so normally
an industry is not likely to be located where such costs
are going to be increased unreasonably. So an indus-
trial location is influenced by various considerations.
Factors Influencing Location of Industries

There are different kinds of industries and each
one required different kinds of inputs.

Further importance of different inputs varies due
to their varying cost or they require in various propor-
tions or ease/difficulty in availability of different in-
puts or various scale of industrial operation or any such
reason.

These factors cannot be distributed ubiquitously
around the world. The value, bulk, life and care re-
quired for different types of produce vary consider-
ably across different type of industries.

Similarly different inputs required vary in cost as
well as in proportion.

Also with changing technology and people’s aspi-
rations the relative importance of these location gov-
erning factors changes over time changes over time.

Thus they have different capacity to exert differ-
ent pull to locate an industry in their favour.

These locational pulls are known as locational fac-
tors in industrial location.

Here it is important to note that it is usually a com-
bination of factors which also satisfies availability of
other factors to a reasonable extent guides the location
of an industry.

Additionally it should be always kept in mind that
the importance of different factors may subject to
change with time and also same location may reacquire
or keep its importance due to emergence of a new fac-
tor there.

But in all cases theoretically an ideal industrial lo-
cation always gives maximum cost advantages or mini-
mum cost disadvantages.
Iron and Steel Industry

Iron and steel is one of the most basic industry
since it is a close input to many other types of indus-
tries.

But the pattern of demand and technological
changes has brought some interesting locational shift
in this industry.

In early days when the iron smelting technology
started getting industrial importance in Europe the
demand was low and mostly of local nature.

At this juncture charcoal obtained from forest
wood was used with lime to make sponge iron.

Abundant forest was present everywhere and so
small plants were located locally near the forest of
plants were located locally near the forest.

This led to dispersion of this industry up to mid-
eighteenth century.

During this time the use of coal in iron smelting
gradually started maturing.

Attraction to coalfield regions was also governed
by then available technology and demand.
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Forest area started shrinking (about one acre of
forest log required to smelt five tone iron) demand for
iron of increased considerably due to starting of heavy
engineering works, required iron ore to coal ratio was
1/8, coal producing regions already had some iron
work history and pool of labour required, at some
places iron ore was found associated with coal and like
factors, all resulted into the establishment and shift of
iron industry in coalfield areas.

The development of the Appalachian region of
North America, Liege in Belgium, the South Wales and
the Sheffield region of England, etc. are good examples
of attraction of coalfield to iron and steel industry.

Since late eighteenth to the end of nineteenth cen-
tury coalfield enjoyed its position and witnessed heavy
of coalfield enjoyed its position and witnessed heavy
development of iron and steel and related industrial
agglomeration.

During this period it has developed sufficient in-
dustrial

inertia at many places and thus survived success-
fully even in twentieth century.

But not all coalfields witnessed similar develop-
ments.

Those located in remote areas, sparsely populated
area and poorly developed area were remained en-
gaged in exporting coal at cheaper rates.

In twentieth century the technology of iron smelt-
ing further improved and now less coke only half of
iron ore is required for this purpose.

It has freed establishment of new industries in
favour of iron ore regions.

The Ural region of former USSR and Belo Horizonte
of Brazil have iron and steel industry based on their
rich iron ore source of Karaganda and Minas Gerais
respectively.

Also transportation facilities have improved con-
siderably and so long distance transport of raw mate-
rial as well as finished product is possible now at rela-
tively lower rate than earlier.

This helped in setting of industries also at coastal
locations where iron made with imported raw

materials are available for export.
Japanese plants and to some extent

Vishakhapatnam plant of India belong to this category.
In last fifty to hundred years the role of market

also become significant.

A big market helped in setting large integrated
steel plant and in providing scrap iron as raw material
to reduce transportation cost.

So they also attracted iron and steel plant near to
them.

Since iron and steel is regarded as one of the most
basic industry as an indicator of industrial develop-
ment of a region and so many region hitherto unde-
veloped and have some capacity are aspiring for it.

Here government policies play very deciding role
as seen in the case of the development of iron and steel
industries in the Chotanagpur plateau of India which
also has many other advantages.

Thus location of iron and steel industry in the
world has responded effectively to the changing na-
ture of different factors of industrial locations.
Cotton Textile Industries

Cotton textile industry is one of the oldest indus-
try in the world.

Since textile is one of the basic need of every per-
son so it always had sufficient demand for it. Cotton
textile industry requires raw cotton (a tropical and sub-
tropical crop), cheap and large labour pool (automa-
tion has reduced its importance in some areas), power,
good transport, humid climate (large plant may main-
tains it artificially) capital large market etc.

Cotton is regarded as nearly pure raw material
since it looses very little weight in processing and it is
very easy to looses very little weight in processing and
it is very easy to transport raw cotton and cotton tex-
tile with nearly similar cheap rates.

Thus the pressure of raw material as seen in the
case of iron and steel industry is absent here.

Thus other locational factors particularly transport,
labour, power and market become important.

With good transport facility it can be established
an here but here labour and po er suppl are present.

Development of electricity has reduced its depen-
dency on the source of power supply and automation
has diluted the need of skilled large labour pool re-
quirement.

Now the considerations of market to link the in-
dustry effectively with the consumer and employment
generating capacity of this industry are becoming more
significant in locating this industry.

Initially it was in the form of scattered small and
cottage industry but latter with the development of
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spinning and weaving machinery in England it started
getting importance as a large regular industry.

Britain was first to had a quick enlargement in
production pattern of cotton textile industry with home
invented machinery.

Due to durability, fineness, uniformity and above
all cheapness of produce Britain got prominent posi-
tion in cotton textile sector of the world by giving lo-
cal small scale industries very-very tough competition
everywhere in the world.

Slowly new invention spread across the world
starting from other areas of Europe and USA to Japan,
China, India, Korea, etc. But during entire nineteenth
century the developed west

particularly England dominated the cotton textile
sector of the world.

They imported raw cotton from tropical and sub-
tropical underdeveloped countries, processed them
using their modern machineries to ready produce and
export them back to underdeveloped countries.

But with the incorporation of some of these tech-
niques in cotton growing areas in twentieth century
and presence of cheap large labour pool and local strong
market helped many hitherto finished cotton textile
importing country to many hitherto finished cotton
textile importing country to break the hegemony of
the west in this sector.

In fact many such countries resorted to the devel-
opment of cotton textile sector as a beginning of
industrialisation in their home country.

Thus over the period cotton textile sector remain
one of the highly dispersed industry in the world.
Weber's theory of industrial location-its rel-
evance in the modern world

Alfred Weber, a German economist, enunciated a
systematic theory of industrial location in 1909. Weber’s
theory of location is purely deductive in its approach.
He analyzed the factors that determine the location of
industry and classified these factors into two divisions.
These are:
(i) Primary causes of regional distribution of indus-

try (regional factors)
(ii) Secondary causes (agglomerative and deglomera-

tive factors) that are responsible for redistribution
of industry.
(i) Primary Causes (Regional Factors)

According to Weber, transport costs and labour
costs are the two regional factors on which his pure
theory is based. Assuming that there are no other fac-
tors that influence the distribution of industry, except
transportation costs. Then it is clear that the location
of industry will be pulled to those locations which have
the lowest transportation costs. The key factors that
determine transportation costs are :
(i) the weight to be transported and
(ii) the distance to be covered.

Weber lists some more factors which influence the
transportation costs such as – (a) the type of transpor-
tation system and the extent of its use, (b) the nature
of the region and kinds of roads, (c) the nature of goods
themselves, i.e., the qualities which, besides weight,
determine the facility of transportation.

However, the location of the place of production
must be determined in relation to the place of consump-
tion and to the most advantageously located material
deposits. Thus, ‘locational figures’ are created. These
locational figures depends upon (a) the type of mate-
rial deposits and (b) the nature of transformation into
products.

Weber classifies and calls those raw materials,
which are available practically everywhere as
‘ubiquities’ (like brick-clay, water, etc) and ‘localised’
(like iron-ore, minerals, wood, etc) which are avail-
able only in certain regions. It is clear that localized
materials play a more important role on the industry
than the ubiquities. Further, regarding the nature of
the transformation of materials into products, Weber
categorized the raw materials as ‘pure’ and ‘weight
losing’. Pure materials impart their total weight to the
products (eg. cotton, wool, etc) and the materials are
said to be ‘weight losing’ if only a part enters into the
product (eg. wood, coal, etc.). Hence, the location of
industries using weight-losing materials is drawn to-
wards their deposits and that of industries using pure-
materials towards the consumption centres.

Weber further examines the cause of deviation of
industrial location from the centres of least transport
costs. The existence of differences in labour costs leads
an industry to deviate from the optimal point of trans-
port orientation. Geographical distribution of the popu-
lation would give rise to differences in wages for
labour. Naturally, the transport oriented location of
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an industry is drawn out and attracted towards the
cheaper labour centres. Such migration of an industry
from a point of minimum transport costs to a cheaper
labour centre may be likely to occur only where the
savings in the cost of labour are larger than the addi-
tional costs of transport which it ought to incur.

(ii) Secondary Causes (Agglomerative and
Deglomerative Factors)

An agglomerative factor is an advantage or a
cheapening of production or marketing which results
from the fact that production is carried on at one place.
A deglomerative factor is a cheapening of production
which results from the decentralization of production
i.e., production in more than one place. To some ex-
tent these agglomerative and deglomerative factors
also contribute to local accumulation and distribution
of industry. These factors will operate only within the
general framework formed by the two regional fac-
tors, i.e., costs of transportation and costs of labour.
The advantages which could be derived in this context
are external economies.

The pulls which the agglomerative factors possess
to attract an industry to a particular point are mainly
dependent on two factors. Firstly, on ‘the index of
manufacture’ (the proportion of manufacturing costs
to the total weight of the product) and secondly, on
the ‘locational weight’ (the total weight to be trans-
ported during all the stages of production). To deduce
a general principle, Weber uses the concept of “co-effi-
cient of manufacture” which is the ratio of manufac-
turing cost to locational weight. Agglomeration is en-
couraged with high co-efficient of manufacture and
deglomeration with low co-efficient of manufacture and
these tendencies are inherent in their nature.

Split Location: Productive activities could be di-
vided depending on the nature of raw-materials, in-
dustry and market. Weber considers the location for
an industry at more than one place. According to We-
ber, a split of production into several locations will be
the rule for productive process which can technically
be split. For instance, the first stage of production may
be near the raw material deposits and the subsequent
stages near the place of final consumption. Likewise,
in a paper industry the manufacture of pulp may be
carried on near the supplies of the raw materials and
the second stage of paper manufacture near the con-

sumption outlet.
Locational Coupling : Weber also conceived the

advantages of setting up different types of industries
in the same locality. The production of quite different
articles may be combined in one plant because several
raw materials may diverge from a common source. This
may be either due to technical or economic reasons:
for instance, certain chemical industries, garments fac-
tories which manufacture over-coats, shawls, blouses,
etc. Locational coupling may also occur due to connec-
tion through materials. If the by-product of an indus-
try happens to be the raw material of another indus-
try, then the two industries may select a single place of
location. For instance, the dye-stuff industry is con-
nected with other industries using coke, because coal
tar (upon which the dye-stuff industry is based) is a
by-product of the burning coke.

Criticisms : Weber’s theory of location has been
criticized on various grounds which may be summa-
rized as follows:
1. Weber has been criticized for his unrealistic ap-

proach and deductive reasoning. According to Sar-
gant Florence, vague generalizations cannot pro-
vide suitable solutions to the theory of location as
non-economic considerations will also influence
which are not mentioned in the pure theory. He
says that Weber’s theory fails to explain locations
resulting from historical and social forces.

2. A.Predohl criticizes Weber’s theory as more a se-
lective theory than a deductive theory. The very
distinction between primary and secondary is it-
self artificial, illogical and arbitrary.

3. Weber assumes fixed labour centres and unlimit-
ed supplies of labour which are unrealistic. The
rise of industry may create new labour centres and
we cannot assume unlimited labour supplies at any
centre.

4. In a competitive market structure, the assumption
of fixed points of consumption is unrealistic. Coun-
try-wise scattering, usually, of consuming public
is a reality and there may be a shift in the consum-
ing centres with a shift in industrial population.

5. A. Robinson also considers Weber’s division of raw
materials into ‘ubiquities’ and ‘localised’ as artifi-
cial.
Weber’s deductive theory of location, in spite of
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the shortcomings, is the only theory which has been
enjoying the universal acceptance and application, as
all the other alternative suggestions are neither com-
plete nor comprehensive.
Transport, Communication

Transport and communication occupy an impor-
tant place in the economic and social development of a
country.

Importance of Transport
A country cannot develop so fast without a devel-

oped transport system. Development of roads facili-
tates utilisation of natural resources lying unutilized in
different hills, mountains, forests and mines. Trans-
port system helps to send raw materials, fuel and ma-
chineries to different industries at right time and runs
the industry.

Transport system helps to raise the production of
raw materials, fuels and machineries etc. by providing
market to it. Transport system widens the size of the
market. Due to selling of commodities in an extensive
manner in large areas, it leads to large-scale produc-
tion. As a result industry of firm gets the advantages
of large-scale production.

A developed transport system reduces regional
industrial disparity by facilitating establishment of in-
dustries in backward areas, because the backward area
is brought nearer to developed area with the help of a
developed transport system by sending raw-materials
to the backward industrial centre and by selling the
products of industries in different areas.

Transport system helps to solve the problem of
unemployment in rural areas by sending surplus
labourers to the industries and it also solves the needs
of industries. Development of transport system also
leads to development of industries because transport
system utilizes the product of industries.

Different machineries and raw materials are sup-
plied through roads, ships, motors, buses, trains, aero
planes to industries. It shows that transport system of
a country affects economic development of a country
in different manner.

Transport system is regarded as a strong pillar to
protect the people from the difficulties of war, natural
calamities and other problems. Transfer of military
equipment, soldiers and war heads is possible only
through a developed transport system during war. A

developed transport system is necessary to send nec-
essary helps to the affected people during the period
of natural calamities.

Except this, transport system helps to establish
relationship among different parts of the people and
strengthens the feeling of unity and brotherhood among
the people. Lastly it makes India one and undivided.

Importance of Communication
Communication is the medium of sending infor-

mation and news. Communication system helps indus-
trialists and business communities to take right deci-
sions at right time by providing them information’s
and news related with business and financial matter.
It is possible to know about the price of the commod-
ity prevailing at any part of the world in no time and
also helps to operate their business according to that
through communication system.

So, communication system facilitates economic de-
velopment by sending information. It is possible to
change the outlook and style of living of the people
according to changing conditions of the world.
International Trade

The exchange of goods among people, states and
countries is called trade. Trade between two nations is
called as international trade. The market is the place of
exchange of commodities and services. International
trade can take place through land, air or sea routes.
Domestic trade may take place between local areas or
between two or more states. The prosperity of a coun-
try is often determined by the volume of international
trade. Export and import are two components of trade.
When the value of exports is higher than imports, the
country earns more revenue through trade; hence this
is called favourable balance of trade. Similarly, if the
net value of exports is less than imports, the country
spends more and this is called unfavourable balance of
trade. The major commodities exported from India are
agriculture and related products, minerals and ores,
gems and jewellery, engineering goods, chemical and
petroleum products. The major commodities imported
by India are petroleum and petroleum products, inor-
ganic chemicals, coal and coke, bulk machineries, pearls
and precious stones, etc. A large quantity of India's
foreign exchange is earned through the software and
information technology sectors.
(a) Roads, railways and water ways
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Transport is a crucial driver of social and economic
development. Investments and gross domestic prod-
uct expenditure in this sector are important, as it en-
sures mobility and trade. Transport subsectors - road,
railways and civil aviation - employ many workers in
a wide range of job categories. Sectoral transport work
is closely coordinated with maritime sector activities
(like ports, shipping, inland waterways, fishing).
Road

A road is an identifiable route, way or path be-
tween two or more places. Roads are typically
smoothed, paved, or otherwise prepared to allow easy
travel; though they need not be, and historically many
roads were simply recognizable routes without any
formal construction or maintenance. In urban areas,
roads may pass through a city or village and be named
as streets, serving a dual function as urban space ease-
ment and route.

The most common road vehicle is the automobile;
a wheeled passenger vehicle that carries its own mo-
tor. Other users of roads include buses, trucks, motor-
cycles, bicycles and pedestrians. As of 2010, there were
1.015 billion automobiles worldwide. Road transport
offers a complete freedom to road users to transfer
the vehicle from one lane to the other and from one
road to another according to the need and convenience.
This flexibility of changes in location, direction, speed,
and timings of travel is not available to other modes of
transport. It is possible to provide door to door ser-
vice only by road transport.

Automobiles provide high flexibility with low ca-
pacity, but require high energy and area use, and are
the main source of noise and air pollution in cities; buses
allow for more efficient travel at the cost of reduced
flexibility. Road transport by truck is often the initial
and final stage of freight transport.
Railways

Rail transport is where a train runs along a set of
two parallel steel rails, known as a railway or railroad.
The rails are anchored perpendicular to ties (or sleep-
ers) of timber, concrete or steel, to maintain a consis-
tent distance apart, or gauge. The rails and perpen-
dicular beams are placed on a foundation made of con-
crete, or compressed earth and gravel in a bed of bal-
last. Alternative methods include monorail and maglev.

A train consists of one or more connected vehicles

that operate on the rails. Propulsion is commonly pro-
vided by a locomotive, that hauls a series of unpowered
cars, that can carry passengers or freight. The locomo-
tive can be powered by steam, diesel or by electricity
supplied by trackside systems. Alternatively, some or
all the cars can be powered, known as a multiple unit.
Also, a train can be powered by horses, cables, grav-
ity, pneumatics and gas turbines. Railed vehicles move
with much less friction than rubber tires on paved roads,
making trains more energy efficient, though not as ef-
ficient as ships.

Intercity trains are long-haul services connecting
cities; modern high-speed rail is capable of speeds up
to 350 km/h (220 mph), but this requires specially built
track. Regional and commuter trains feed cities from
suburbs and surrounding areas, while intra-urban trans-
port is performed by high-capacity tramways and rapid
transits, often making up the backbone of a city's pub-
lic transport. Freight trains traditionally used box cars,
requiring manual loading and unloading of the cargo.
Since the 1960s, container trains have become the domi-
nant solution for general freight, while large quanti-
ties of bulk are transported by dedicated trains.
Water ways

Water transport is movement by means of a wa-
tercraft—such as a barge, boat, ship or sailboat—over
a body of water, such as a sea, ocean, lake, canal or
river. The need for buoyancy is common to watercraft,
making the hull a dominant aspect of its construction,
maintenance and appearance.

In the 19th century the first steam ships were de-
veloped, using a steam engine to drive a paddle wheel
or propeller to move the ship. The steam was produced
in a boiler using wood or coal and fed through a steam
external combustion engine. Now most ships have an
internal combustion engine using a slightly refined type
of petroleum called bunker fuel. Some ships, such as
submarines, use nuclear power to produce the steam.
Recreational or educational craft still use wind power,
while some smaller craft use internal combustion en-
gines to drive one or more propellers, or in the case of
jet boats, an inboard water jet. In shallow draft areas,
hovercraft are propelled by large pusher-prop fans.

Although slow, modern sea transport is a highly
efficient method of transporting large quantities of
goods. Commercial vessels, nearly 35,000 in number,
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carried 7.4 billion tons of cargo in 2007. Transport by
water is significantly less costly than air transport for
transcontinental shipping; short sea shipping and fer-
ries remain viable in coastal areas.
(b) Bases of international trade

International trade is a factor and a product of the
economic development of nations. Similarly, the evo-
lution of the trade theory reflects the ways nations were
addressing basic economic problems. During the pe-
riod from the sixteenth to the middle eighteenth cen-
tury Britain, Spain, France, and Netherlands were the
most developed countries with a high level of govern-
ment intervention in the economy. Their governments
were concerned with the ways of maintaining their own
power and wealth. The economic philosophy that prop-
erly reflected these goals was known as mercantilism.
Mercantilists argued that the best way for a nation to
enjoy faster growth was to export more than it im-
ported. The revenue would be a real inflow of gold.
Since the amount of gold was fixed in the short run,
not all nations could have such inflows simultaneously
and gains from trade might be enjoyed only at the ex-
pense of the other nations. That is why mercantilist
advocated import restrictions and export promotion.

Mercantilists’ views were challenged by Adam
Smith who advocated free trade based on absolute ad-
vantages of nations. He proved that the advantages of
international division of labour and specialisation
would be shared by all nations who may benefit si-
multaneously from free international trade. Thus, when
nations specialise in industries where they have abso-
lute factor advantages, gains from trade come to ev-
ery nation and not at the expense of others and there
is no need for government intervention that only de-
teriorates allocation of resources and productivity. This
is the most important contribution of Adam Smith to
international trade theory and policies. What he did
not explain, was the case when a nation had absolute
advantages in the production of all goods.

Smith views’ weakness was overcome by David
Ricardo who developed the theory of comparative ad-
vantages to prove that mutually beneficial trade could
occur even when one nation was absolutely more effi-
cient in the production of all goods. According to
Ricardo, nations specialise in industries where they
have lower opportunity cost and trade based on these

comparative advantages all the countries enjoy gains
from international trade. This is one of the most im-
portant and still unchallenged principles of economic
theory and practice. David Ricardo’s views were based
on the labour theory of value that stresses on the role
of labour in value creation. Ricardo did not analyse
the effect of resource endowments on productivity and
international specialisation and the influence of trade
on the distribution of income.

In the 1930s two Swedish  economists Eli
Heckscher and Bertil Ohlin developed a model of fac-
tor endowment to study these issues. They asserted that
international trade is based on differences in factor
endowments of nations. Because of the different en-
dowments of factors of production nations have com-
parative advantages in different industries and their
relative price levels differ. That is why each nation will
export the goods intensive in its relatively abundant
and cheap factor and import the goods intensive in its
relatively scarce and expensive factor. Thus, all nations
will enjoy gains from trade simultaneously.

After the WWII, Heckscher-Ohin theory was chal-
lenged by the evolution of international trade that it
could not explain. Significant flows of intra-industry
trade based on product differentiation, exports of
goods intensive in nations relatively scarce and expen-
sive factors (the so called Leontief paradox), trade
based on economies of scale, trade based on techno-
logical gaps and product cycles needed a new explana-
tion. These issues were addresses by different theo-
ries. For example, Raymond Vernon developed the
theory of international product life cycle to explain trade
based on technological gaps. He asserts that the initial
production of a new product usually requires skilled
labour, which can be replaced by a skilled labour once
the product acquires mass acceptance and is
standardised. Thus, the comparative advantage held
by the industrialised nations that introduce new prod-
ucts shifts to lower-wage nations. Vernon’s contribu-
tion to the theory of internationalisation of business is
that he put together explanations of international trade
and investment flows that were following trade. Later
this theory was extended to explain internationalisation
of industries in the international industry life cycle model.

Stefan Linder gave an explanation of intraindustry
trade in his theory of overlapping demand, asserting that
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international trade in manufactured goods will be
greater between nations with similar levels of per capita
income than between those with dissimilar per capital
income level.

A coherent explanation of modern international
trade was given by Michael Porter who developed the
theory of competitive advantages of nations. He argues
that competitiveness and hence international trade is
determined by four factors encapsulated in the Porter
Diamond. These are Factor Conditions, Demand Con-
ditions, the Structure of Firms and Rivalry and lastly
the strength and existence of Related Firms and Sup-
porting Industries. Hence, industry clusters appear that
create and enhance competitiveness of local firms. An
important contribution of Porter’s theory is that he as-
sociates competitive advantages of nations with firm’s
decision making. These are really firms that conduct in-
ternational trade, not countries.

In the 1990s, Alan Rugman’s approach has ex-
tended the concept of Porter’s “single” diamond in
order to explain the evidence for further globalization
revealed by some recent surveys, that the more inter-
national a firm was, the more it derived its competi-
tive advantages from its foreign affiliates. This theory
reflects the prevalence of trade-related investment and
investment-related trade flows and it is a successful
effort to put together the views explaining contempo-
rary growth of international trade and investment.
Rugman argues that the deepening structural integra-
tion of the world economy and the burgeoning of alli-
ance capitalism are widening the geographical scope
for creating or augmenting firm-specific competencies
and learning experiences. Any attempt to identify the
geographical sources of such advantages must embrace
the diamonds of other countries, particularly those with
which the home-country firms have the most dealings
by way of trade, FDI and non-equity co-operative ven-
tures.
Changing pattern of India's foreign trade

Among several features of globalization, one re-
lates to increasing interactions among nations and re-
moval of barriers to facilitate movement of goods, capi-
tal, labour and technology. It is a process that renders
various activities and aspiration worldwide in scope
or application. As a part of this process of increasing
integration of the world, many countries have adopted

economic reforms and liberalization in their own ways.
The rapid integration of Brazil, Russia, India, China
and South Africa into the world market was an impor-
tant element of globalization. Trade is the primary
manifestation of this increasing integration and chang-
ing organizational structure of the global economy
which has been much more extensive than in the past
involving more countries & regions. In the similar way,
it is also much more intensive as foreign trade became
a key component of most countries economic activi-
ties. Over the years emerging economies like China,
India, Brazil, Mexico, Russia and South Africa have
made their presence felt in the global market and have
come forth as new key drivers of global growth.
Among other emerging countries, China and India are
the fastest growing economies. India with its distinct
development strategy has the potential to influence
economic activities of the global economy in the years
to come. With this background, this study is an explor-
atory attempt to measure the quantum leap in export
and import to India, and to identify changes in com-
modity composition and regional patterns of inflows
and outflows of merchandise trade. The analysis per-
tains to four points of time 1990, 1995, 2000 and 2005.
Some of the major findings of the study are as follows:
(i) Manufacturing sector has increased its share vis-^-
vis other tradable sectors; (ii) Specialization of produc-
tion and diversification of consumption; (iii) Indian
trade is gradually moving away from low value-added
product.




