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Introduction

Industrialization has taken place in many districts in Karnataka with unexpected
results whereas Sit M Vishweshwaraiah. felt that there will not be any industrialization in
Bangalore city, we find several industries coming to Bangalore in sixties and the city
becoming a fastest growing city choking the infrastructure. There is a feedback theory
operating on such systems, but it comes into effect only after some damage is done.

Industrialization is a spontaneous activity based on band wagon philosophy.
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approved. Several power plants are also coming up. This has created an apprehension in
the minds of people about the ecology of western ghats in that district, the effect on coastal
ecosystems and fish production, the pollution load, the effect of high rainfall and wind on
fly ash, the effect on soils due to pollution from industries, the availability of resources like
water and the overloading of traffic networks. In order to clear apprehensions, the
government gave an assurance that it will take up industrialization in a phased and planned
manner taking care of the ecological health of the area and will conduct a caitying capacity

study for this district. It is the genesis for our work and this report.

A committee was appointed by the government of Karnataka under the chairmanship
of Prof Madhav Gadgil of CES IISc. The committee members are Prof R. Kumar of [iSc,
Prof Nadkarni Of ISEC, Fr C.J. Saldanha, Capt. S. Raja Rao, Secretary, Secretary Pollution
Control Board (Dr B. Shivalingiah, who is now the Chairman of the Board) and Dr.
Balakrishaniah Director (Tech). The committee requested me to develop a frame work so
that a coordinated approach is taken up to study this complex problem by various experts
in the district and neighbourhood working in synchronism to fill in the gaps in the model



Carrying capacity is very controversial term when applied to ecology, though it is well
defined in engineering like carrying capacity of a transmission line. It has evolved from the
limits to growth philosophy which was based on the facts that there are local shortages or
water and food, there are atmospheric changes affecting people and many species are

becoming endangered (including Indian lion and tiger).

Initially, carrying capacity was restricted to population and its value has very high
variations thereby creating doubts in the minds of people It was felt that carrying capacity
depends on technology, usage patterns, social factors, comfort levels etc. Also it varies with
time, when technology changes, productivity changes. Further, it was also felt that a

focussed realistic view of carrying capacity will be meaningful

Since we are looking at the aspect of industrialization in Dakshina Kannada district,
this is our focus We need to find the maximum level of industrialization in the district that
will not saturate the resources, infrastructure and other systems; will not exceed pollution
levels according to accepted standards; and will not affect fragile ecosystems. So this made

our job simpler.

We are looking for a carrying capacity on industries based on the current level of

__living, current standards of living, current technological and social practices and current

regeneration of 1esources.

We looked at the state of the district - population, growth rate, landuses, agriculture,
industries, employment and human development indexes. We found the HDI of the district
to be the highest for several alternatives. The percentage of people employed in agriculture
is Jowest services is a dominant sector, (similar to developed countries). We need to
conduct critical studies on resources utilization though a cursory view shows that Dakshina
Kannada district compares well in the industrial sector with respect to other districts

excluding Bangalore.

We catagorise different 1esources. Then we define carrying capacity in our context
of industrialization first qualitatively as the maximum industrialization subject to
sustainability criteria. A modelling exercise was done to look at availability and usage of
resources and a resource balance constraint was established. Industries are grouped based
on their consumption and pollution characteristics. The models output is expected to be the
pumber of industries in each group that can be set up in Dakshina Kannada district such
that there is no scarcity of resources, pollution level does not exceed standards, and ecology

is not affected
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An optimal model is prepared which can optimise (maximise) employment in the set

of industries that can come up there (subject to the existence of skills)

A plan of action has also ben prepared We had a number of meetings with several
persons both in Dakshina Kannada district and Bangalore Two meetings were held in
D.CS. office, at Mangalore organised by Dr K.V. Rao, Secretary District committee for
science and technology and Director, College development, Mangalore University. Both
meetings were well attended by over 50 persons. Discussion were held on the resource
characteristics, the capabilities that exist with experts who can handle the problems,

methodologies for tackling the problem and their interest in lacking this problem. Everyone

agreed that it is a2 unique problem and a great challenge and showed keen interest in

handling sub problems.

This was followed by a series of meetings as listed below;

1) Fisheries College 7.3.98 1000 am
2) Dakshina Kannada Dist Parisaraasakta Okkootta 7398 2.00 pm
(St. Aloysius College)
3) KREC 8398
4) Carrying Capacity committee 11.398
5) Discussion meeting at CES, IISc. 17.398
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S -
s Do T L WO e e S TP 2 SN S B SO P

0) LisCussion With TS
7 KREC 24398

8) Mangalore University 24.3 98

9) NMAM Inst of Technology Nitte 25.398
10) MIT Manipal 26.3.98

11)  Dr Ravindranath Shanbag Udupi 25 3.98
12) Bangalore University Geology Dept. 2.4.98

Many discussions wete held with individuals also A list of names of some persons

who participated is enclosed as annexure

A questionnaire (annexure) was also circulated Many questions regarding carrying

capacity were raised and answered.

Based on the above, a list of relevant sub problems and experts who can handle 1t

is also presented. Conditions for the success of the studies are enumerated.



Dakshina Kannada District - An Introduction

The district of Dakshina Kannada is situated on the Western coast of Karnataka in

the southern part of Uttara Kannada being in the northern region It is a long strip of land

from north to south.

It is a broken low plateau which spreads from the Western ghats to the Arabian sea

when looked at from east to west.

Geographically, the region is seperated from the rest of Karnataka by the towering
heights of Western ghats. The length of the coast line, which is almost straight, but broken
by rivers creeks and bays is 140 kms. The district lies between 12° 27" and 13° 58" north
latitude, and 74° 35" and 750 40" east latitude. It is about 177kms in length, about 40kms

wide at its narrowest and 80 kms wide at its widest part.

The district is bounded by Uttara kannada district in the north, Shimoga,
Chikmagalur, Hassan districts on the east, Kodagu district in the southeast, Kerala in the
south and Arabian sea in the west. The area of the district is 8158.5 sqgkm. The district has
eight taluks. Currently the district is divided into two districts- one at Mangalore and

_anotheratUdwpi.

The population of the district was 19,39,315 according to 1971 census. The growth
rate was 22 55% during 1971-81 and it came down to 13.27% during 1981-91 period while
the growth rate for the state was 20 69%. The district has more females than males.

Whereas the district occupies the twelfth place amongst the districts with regard to

area, it occupies the sixth place based on comparison of population The density of
population of the district was 186 persons per sqkm in 1961 and it has gone up to 319 in
1991 whearas the state has a density of 119 in 1991 This shows that it is a very populous
and dense district, next only to Bangalore urban area in Karnataka. It accounts for 4.45%

of the total area and 6 62% of the total population of the state.

The district can be divided into six natural divisions- divided by rivers Netravati,

Kumaradhara, Gurpur, Sitanadi and Chakra.

The coast line is intended by several bays and creeks, formed by the river estuaries.
The coast line is low and sandy with broken and rugged rocks cropping up in places, but the

area near the seaboard is well planted with coconut trees
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We see coastal areas, mountains, forests, 1ivers, rural areas with a lot of vegetation,

rice fields, plantations, spices and diverse timber and other species. The altitude varies from

60 to 120 mts near the coast and rises to about 180 mts near the foot of the ghat. Most of

the habitation is along the coast

The district is a mountainous one with the Western ghats in the east. The range of
mountains are in the form of steep cliffs in the north, but in the broad southern part, it has

the character of parallel ridges intersected by deep valleys from which most of the rivers

start.

The most interesting of the mountains is the Kudremukh group of three peaks on the
highest ridge of the ghats- heights of 1881-1892 mts. Other peaks are Kodachadri (1341 mts
high), Ballalaraya Durga (1504mts high), Kattegudda (1382 mts high), Subramanya (1727

mts high) and Sisalkal (1195 mts high)

There are several passes like Sampaje pass (to Mercara), Shiradi ghat (to Hassan),
Chamundi ghat (to Chickmagalur), Agumbe, Hydergarh ghat and Kollur pass through which
many roads connect the district to the neighbouring districts The railway line from
Saklespur to Subramanya also passes through a picturous and scenic forest area.

" The district 1§ a High TainiAll Gistict goting copivas i oo South Wast monconn.
during the period June to September The average rainfall in the district is 3930mm The
rainfall increases from the coast towards the Westarn ghats in the east. Northern part of the
coastal strip- Bhatkal to Baindoor region- gets heavier rainfall than the southern coastal

strip. The number of rainy days in a year is 123 on the average; winds are stronger during

this period.

The climate of the coastal part of the district is high humidity during monsoon season

and hot weather.
The district has many rivers and streams because of the high rainfall and broken

nature of the area. During monsoon, a large volume of water is carried by these 1ivers.
Flooding and inundating of the surrounding area for a short period is common during the

monsoon period.

Netravati is a major river in the district Kumaradhara joins it at Uppinangadi and
Gurpur river joins it in Mangalore A common estuary is formed there It discharges it's
water into the backwater It is the major source of water for agriculture, people and other

activities Mangalore city depends on it for water needs.




Deforestation has led to greater situation. Due to greater situation, the velocity of
flow in the river as well as the volume of water flowing have come down during the dry

season. This has resulted in a greater inflow of salt water from the back waters. So, now
we find that the river water is not fresh water, but slowly for several kilometers near the
sea in its length of travel It is being observed that the length of salt water ingres is
increasing over a period of years. This is creating a water shortage problem. People get

water-excess quantity during monsoon, but experience shortage during the dry season.

Many rivers and streams in the Dakshina Kannada district depend on the heavy

rainfall and the flow during the dry season is minimal leading to a general water shortage.

There are many estuaries formed on the coast by rivers joining the sea. There is one

estuary at the junction of Netravati and Gurpur rivers, another at Gangolli where the Haladi

stream forms a large salt water lake, the Sitanadi and Swarnanadi join the sea.

South Canara, another name for the district, is essentially a forest district. The
estimates of forest area varies from 50% of the total area to 29% (2460 sqkm) in 1971 The
forests contain many luxuriant flora, many timber species and evergreens with a tich
bio-diversity. The heavy rainfall in this area stimulates the growth of forests which extend
from the slopes of the Western ghats to within a few kilometers from the sea. Generally,

S Sy ("\w-:nr:za_5:__1_1}!'7 -.the  forests din.the .

“heavy forests began about 30 to 40 Kiiis ivui e OIS LNE
district were evergreen, Hundreds of evergreen species have been identified. There are
many timber species like matti, maravu, teak, jack, wild jack, benteak, myrobalan, kiral bhogi

etc Sandalwood, bamboo, cane, figs etc are also found in the forests of this district.

The forests in this district were originally largely evergreen, but now a days, we find

various types- evergreen in the ghat belt, semi-evergreen in the foot hills, deciduous in the

outer ridges and scrubs in the exposed laterite flat topped table land areas.

There is a heavy piessure on land due to increased population and setting up of
industries. This pressure is steadily pushing back the forest from the coastal belt Also the

quality of forests has changed from evergreen to the scrub type in several places.

One of the main reasons in the early days for deforestation is cultivation. Cultivation
is confined mainly to the plains near the coast and bottoms of the valleys, which wind
amongst the hills and plateaus. The earlier Kumari cultivation- that is clearing of forest by
fire and shifting cultivation has resulted in a large tracks of forests being cleared. Now only

bushes grow in these areas.




Fuel wood requirements are also increasing with increased popﬁlation Tile industries
consume a lot of firewood. The district has a long history of tile industries, the tile is known
as Mangalore tiles produced from the good clay soil available in the paddy fields in several
places in the district. The district with mote than 60 factories has a dominant position in tile

industry even today. Timber production is another major activity in the district.

Because of the large scale requirements and consumption of wood, deforestation is
taking place in the district. We have reached a situation that today timber is imported into
Mangalore port. Fizewood usage is still affecting the forest areas. We need to find alternate
solutions like the popularization of highly efficient wood burning stoves, and solar water
heaters. Afforestation is also necessary. It should be done on a large scale carefully selecting

the species for planting and managing the scheme. People’s participation is a must

Since the district has many groups actively working on ecological issues, they should
be involved in the afforestation programs. Emphasis should be on selection of natural

species and not on commercial species

The affirmative actions are very important because deforestation in the slopes affects
the flows in rivers especially during the dry season leading to serious water scarcity. This will

_ affect all activities in the district

Another problem the district faces is soil erosion. Soil erosion is very high due to
deforestation and loose nature of rock formations A lot of soil is carried by the heavy
currents of rivers during the monsoon period Due to high 1ainfalls in this period, there are

landslides. Landslides are more frequent now adays.

We have seen that due to landslides the train movement between Sakleshpur and
Subramanya is stoped during monsoon period. Many roads are cut off restricting
movements and isolating many places. Deforestation is one of the causes for land slides.

So far we looked at the situation inland. Let us divert our attention to the coastal

area. In addition to having several estuaries, mangroves and rich ecosystems, the coastal

area is important from two aspects

Firstly, fishing is an important activity employing a very large population in the area.
The economics of the coastal area depends on fishing and fish processing industries to a
large extent. It is essential to preserve the ecology of the area in order to protect this activity

on which lakhs of people are dependent




Many industries like Mangalore Chemicals and Fertilizers, Mangalore Refineries and
others let their waste / cooling water into the sea. If untreated water is Jet into the sea, it
will affect the fish prmduction. Fish yields will go down. There are indications on fish kills
in the recent years which the district did not experience before. Hence, efforts should be
made to reduce activities on the CRZ and also to see that no waste waters are allowed into

the sea.

Coastal erosion is another problem faced by the district in the recent years. The
coastal rock formations, shells, bio-organisms and marine life protect the coast. But there
are disturbances on these due to serious erosion near the coast. We need to prevent major
ercsions that may occur due to disturbances to the coastal ecosystem. This can be done by

avoiding pollution of the coast, minimising activities on the coastal buffer and controlling

offshore activities.

The setting up of several mega industries in the area and the proposals to start
thermal power plants will lead to air pollution and possibly acid rains It is not clear what
is the amount of pollution from the present and proposed industries and the impact of this
pollution on the plants and forests of the Western ghats. Also fly ash from the thermal
plants have to be handled and a solution should be found for this problem also.

So we see that there are problems with écOSySIEMS and COAstal eCOSySiems due o™

increased popufation and activities There is also water, air and land pollution which may
increase due to rapid mega industrialization. In order to study the effect of activities on the
district, we should know the available land, water, coast, energy, biological and mineral
resources of the district and see whether it can meet the existing requirements and whether
there is any excess quantity available for futuze growth. We should also know the impact of
poliution and calculate the limits on activities that can be taken up in the area such that the

natural systems are preserved.

With the above in mind, we are conducting studies to ascertain the Carrying Capacity

of the area’

Population and Growth

The total population of Dakshina Kannada District is 26,94,264 with a male

population of 13,06,256 and a female population of 13,88,008 as per 1991 census. Table 1
gives the population growth rates for different districts of Karnataka for the period 1961 to
1991, the values given in percentages Whereas the decennial growth rate for the state has
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reduced from 24.22%in 1961-71 to 20 69% in 1981-91, the growth rate for Dakshina
Kannada district has come down from 24 01% on 1961-71 (nearly same as that of the state)
to 13 27% in 1981-91, a very large reduction, Kodagu and Chickamagatur Districts have a

growth rate less than that of Dakshina Kannada district It is desirable to look into the

reason for this reduction - in fertility or any other 1eason. Also the 1ate needs to be verified

with samples for later years.

Within the district, the population varies from a lowest value of 1,24,824 in Sullia
taluk to a highest of 6,71,360 in Mangalore taluk. Udupi taJuk has a population of 4,95,766.

Mangalore taluk has an urban population of about 65%. All other taluks excepting Udupi

have an urban population of around 10% Urban population of the district has increased

from 18% in 1961 to 28% in 1991.

When we look at the growth rate in various districts for rural and urban areas
separately, we find that the growth rate for utban area for Karnataka is 29.62% for 1981-91
period, it is 31.12% for Dakshina Kannada district for the same period This shows that the
growth rates for urban areas follow a similar pattern of change But the reduction comes
in the growth rate for rural areas. It is 7.61% for Dakshina Kannada district for the period

1981-91 while it is 17.66% for the state for the same period.
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" Table 2. provides density of popuiation for Gifforent disteisis
being number of persons per squaie kilometre of area. The density for Dakshina Kannada
district goes up from 186 to 319 in 1991. The density for Dakshina Kannada district is higher
than the state average by about 25%. The growth rate over the period is less compared to
the growth rate for the state. Higher population density coupled with more forest area
reduces the land availability for industrial development. Whereas the population density
values show similar disparities for rural and urban areas, comparison at the state level shows
that the density at rusal areas in Dakshina Kannada district is about 30% higher than that
for the state and Dakshina Kannada district is one of the highly dense districts in Karnataka.
Only Mandya and Bangalore have higher densities, But when we look at the population
density for urban areas, we find that the density is on the lowest side-about half of the state

average Only Bellary district has a density less than that of Dakshina Kannada district.

Literacy

Table 3. gives the percentage of literate people in different districts of Karnataka
from 1961 to 1991 Dakshina Kannada district has shown a good progress in literacy - the
percentage going up from 32.35% in 1961 to 75.86% in 1991 The increase is more than
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140%. This compares well with the increase in literacy in the state. The 1991 level of

literacy in Dakshina Kannada district compares very well with the level in Bangalore urban

district. These two districts have the highest literacy levels.

The literacy level for male persons is 84 40% in 1991 for Dakshina Kannada district
being the highest of ail districts. The literacy level for female persons in Dakshina Kannada
district is 67.96% in 1991 This is close to the highest percentage of 68.81% for Bangalore
urban district and is higher than the state average by more than 50% (The state average is
44 34%). The literacy percentage for rural population is highest for Dakshina Kannada
district-72 37% compared to 48% for the state. 55%of rural female persons in Dakshina
Kannada district are literate as against 28.77% for the state. This is a good progress.

Employment

Table 4. gives the percentage of workers to the total population in every district for
the past four decades. There is a reduction in the percentage in the entire state and the
trend in Dakshina Kannada district is also similar. Within the usual significance values, we
can see that the percentage of workers in Dakshina Kannada district is similar to that for

many districts, It is higher than the state percentage.

L Y- e e o

Let us look at the primary sector - agriculture - 10T empioymeni, Tavic 5 gives s

percentage of agricultural workers to total workers, The state percentage varies from 70.55%

in 1961 to 63.12% in 1991, All districts excluding Bangalore urban, Kodagu, Uttara Kanpada
district and Dakshina Kannada district follow this trend. The trend for Dakshina Kannpada
District marks a major change-from 64.82% to 44.43% in 1981 and 35.79% in 1991 It will

be a good exercise to look for reasons for this low percentage of workers in the primary
any people, who are educated, are reluctant to take

sector. Two probable reasons are (i) m
other districts , and other states (like

up jobs in the agricultural sector and hence migrate to
Mumbai) and (ii) the district is strong in the services - education, banking, hotels -sector and

hence employment in agricultur al sector is low

This trend in employment is similar to the current distribution of employment in
developed countries. The dominant sector for employment is the services sector like
banking, information technology, transportation, communications, commerce etc - in the
western countries-more than 40% of the employment, There is a strong nucleus in Dakshina
Kannada district for employment in services sector- education, previous history, Syneigy,
experience, and hard work. This aspect should be looked at and the district should be

encouraged to develop in these areas.
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Table 6. gives the distiibution of workers as per 1991 census in Dakshina Kannada
district. This again confirms the fact that percentage of people employed in agriculture is
around 35% More than 50% of the workers are in the services sector. So this again shows

that this sector needs encouragement and special efforts for further development.

Landuse

Table 7. provides the land use in Dakshina Kannada district in 1993-94 Net area
sown is 2639%. Area available for other use will be 1281% (including barren and
uncultivable land and fallow land) If we include cultivable waste land, the percentage of

land available for industrial and other uses will go up to 21.39% (198,356 hectares). The

actual available area for industrial use will be less than this value-we should exclude

additional land required for additional population, land converted to cultivation, land
needed for water storage and land for holi purposes (like pajaka kshetra).

The landuse maps for each taluk showing the area available for other uses are
These are prepared by Dr CR Bannur, NRDMS, KSCST

included in this report.
near sea, and rivers should be excluded from the area shown in

Bangalore. Buffer zones
these maps.
R AT CE PpOTOORiRE S e S E% Az _
in Dakshina Kannada district for agriculture is on the lower side. Where as the percentage
exceeds 50% in 12 districts, it is the lowest for Uttara Kannada district (11.40%) and the
percentage of net area shown for Dakshina Kannada district comes next Compare this

figure of 26 6% with the figure of 56.60% for the state. This means that area used for

agriculture is not high in this district. If we look at the percentage of net area sown to the

total cultivable area, the percentage for Dakshina Kannada district has increased from
58 19% in 1970-71 to 6839% in 93.04 This is the lowest for all districts, the state
percentage being 83 01% in 70-71 and 84.68% in 93-94. This means that there is a scope

for incteasing area for agriculture in this district.
Percentage of net area irrigated to the net area sown varies from 36.5% for 1970-71
to 43 6% for 93-94 for Dakshina Kannada district - one of the highest percentages next only

to Shimoga district. Percentage of irrigated area for the state is 11.1% in 1970-71 and

21.6% in 1993-94

Paddy is the major crop cultivated in 1,49,629 hectares, followed by arecanut,
coconut, cashewnut, rubber and other cash crops. Average yield of rice (Kgs/ha) in Dakshina

11
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Kannada district has gone up from 1424 in 1970-71 to 1991 in 1993-94. But this yield is on

the lower side. The state average is 2439 in 1993-94. At least 13 districts have yields

greater than that of Dakshina Kannada district.

Another index, we can look at to see the intensity of cultivation, is the per capita land
available for cultivation and this is contained in table 9. The per capita area is the lowest

(0.12 ha) for both Dakshina Kannada and Uttara Kannada districts.

The distribution of bovine population per sq km is also on the higher side for
Dakshina Kannada district only. Bangalore, Mandya, and Hassan districts have higher
numbers. The figures for Dakshina Kannada district is higher than the state average

Plantation Crops in Dakshina Kannada District

Several plantation crops like arecanut, coconut, cashewnut, cocoa, pepper, chillies,
ginger, etc are produced in Dakshina Kannada district. Arecanut is cultivated in 9630
hectares in this district, as compared to 11655 ha in Shimoga, 7126 in Chikamangalur and
8120 ha in Uttara Kannada district. (the total area 58710 ha in the State).

 Area under coconut is 16860 ha, just about 8% of the total area in the Siate

Cashewnut is produced from an area of 37112 ha as against the total area of S2Zz4 nain

the State (more than 70%). Similatly cocoa is cultivated in 1120 ha of a State total of 1238
ha. Pepper uses an area of 2345 ha in Kodagu, 1498 ha in Uttara Kannada and a total of
7613 ha. Substantial production of ginger also comes from the district. The district also
contributes to other species - fruits like mangoes, jackfruit, pineapple, banana etc. and

flowers like Jasmine.

Industries

The number of factories in Dakshina Kannada district is 548 with number employed
in the factories is 43929. Total number of small scale units registered in this district till the
end of 31-3-94 is 9437 with total employment being 105754.

The density of industries with respect to population for various districts of Karnataka
is given in table 10. Bangalore has the lowest value of 1691. Barring Bangalore urban,
Dakshina Kannada has the largest number of factories. Industrialisation has kept pace with

increases in population in Dakshina Kannada district
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Table 11. lists the number of establishments and percentage of employment.
Dakshina Kannada district has the largest aumber of establishments next to Bangalore. It

has a share of 7.8% in industrial employment in 1994

If we look at the number of employees working in enterprises per 1000 population,
the figure for Dakshina Kannada district is 179 in 1990 as compared to the state average of

132 and Bangalore urban’s value of 230

If we consider women employees in the organised sector, 33.4% of women employees
are in Bangalore, and 14.5% in Dakshina Kannada district. If we look at women employeeé
in public sector alone, Bangalore’s share is 27 3% and Dakshina district’s shaie in private
sector is high - 24 5% and Bangalore’s is the highest share of 41 9%. There is no significant

contribution from other districts.

The statistics with respect to industries needs to be analysed carefully by segregating
and gathering statistics for each group. We will need to
d, energy intensity of industries and energy consumption
These indicators will provide a general level of

groups of industries and services,
gather information on pollution loa
per person employed for each district
industrialisation and can be used as parameters for planning additions of industries in a

district - a simpler method than carrying capacity studies. We should use indices like

cioms im inductrinl sector for each resoutce. energy intensity,

~pérceiiiage TEsOUTTE v up it an
percentage employment in industrial

district.

sector, percentage water pollution load etc for each

Another way of looking at the development of a district is to look at the human

development indices for several districts and comparisons

Human development Index (HDI)

In 1991, UNDP' published a human development report. It felt that income
So it suggested an alternate scale that

measures are inadequate to measure welfare
philosophy, several HDIs

includes the problems of the developing countries Based on this
are being calculated for different states and districts in India. The government of Karnataka

has a project on calculating HDI fo1 different districts. We look at the calculations done

by Vinod Vyasulu and B P Vani in 1997.

! UNDP - United Nations Development Programme
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The HDI is a combination of income, literacy (education) and life expectancy/infant

mortality (heaith) figures Income need not be average income - it can be refined further.

We can use average purchasing power of a population in per ca
exchange rate fluctuation, currency to purchasing power relationships are normalised. The
HDI does not change very fast since it is a combination of several factors, it is used more
for comparison purposes, we need to look at individual components carefully to find avenues

pita terms This removes

for improvement.

Table 12. gives the literacy rate, IMR?, life expectancy and per capita income figures

for all districts of Karnataka. We see from this that Dakshina Kannada district is near the

top in all these factors

Based on table 12, the authors have developed six HDIs:

HDI - _1 Income, life expectancy, total literacy

HDI -2 income, life expectancy, male literacy

HDI - 3 income, life expectancy, female literacy

HDI - 4 income, IMR, total literacy

HDI -5 income, IMR, male literacy

_HDI -6 income, IMR, female literacy

Income was adjusted by discounting values above a thieshold level (to reflect the

diminishing marginal utility of money).

The author uses two alternatives - one based on maximum and minimum values
within the districts of Karnataka and another uses a normative maximum for literacy at
100% and IMR and life expectancy based on all districts of India. Tables 13 and 14
provides the six HDIS for alternative A and alternative B respectively. Ranking is done in
table 15. We can see that the rank of Dakshina Kannada district is first followed by
ere is overall good development in Dakshina Kanpada district

Bangalore. This shows that th
y Vinod Vyasulu and Vani. We need to also look at the HDI

based on the HDI developed b
figures being calculated by the government of Karnataka.

We now move from the present state of Dakshina Kannada district to look at natural

1es0urIces.

2 MR - Infant Mortality Rate
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WATER RESOURCES

River system in Dakshina Kannada district.

There are several west flowing rivers covering both Uttara Kannada and Dakshina
Kannada districts They cover about 13% of the total drainage area and provide an average

flow of 57000 m.cum. (table) The source is mainly from South West monsoon.

Netravati is the biggest river in the Dakshina Kannada district with a length of 96 km
and a catchment area of 3355 sq km. It takes its birth near Samse in Charmundi range of
hills. The main tributaries are Neriyahole, Kumaradhara, Belthangadihole, and Shishilahole.

It joins the Arabian sea near Mangalore.

Varahi river starts from Hosanagar taluk of shimoga district and joins the sea near
Kundapur. Chakra river also passes through Dakshina Kannada district; it has a length of
72 km; it's waters are being diverted into Sharavathy valley to augment inflows into

Linganamakki reservoir.

There are many other rivers like Shirvahole, Mulkihole, Payaswini, Baindoor hole,

.. Swamna, Gurpur _e;_c;___gqing_through the district.

Tanks and Wells.

Dakshina Kannada district has very few tanks for irrigation - 167 in 1956, irrigating
an area of 14700 acres as against 6000+ in Hassan, Shimoga districts and 3000+ in Kolar.
The number of irrigation wells is over 30,000 (about 10% of the total in stake). There are

no major 1eservoirs or irrigation p1 ojects in the district.

Rainfall.

Table 16 gives data pertaining to sormal rainfall in different districts of Karnataka.

(Source: Drought monitering cell). Rainfall is obtained for three seasons - premonsoon

(January to May), monsoon (June to September) and post monsoon (October to December).
We can see that Dakshina Kannada district gets the highest rainfall in the state of about

4000 mm per yeal
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The anpual rainfall for the year 1996 - varied from 2878 for Kundapur, 2887 for

Mangalore , 3963 for Puttur and 3691 for Sulya stations This shows that the spatial

variation is not high.

Ground Water

Measurements by central ground water board indicate that ground water levels in

Dakshina Kannada district fell by 2 mts in an area of 6198 sq km out of a total area of 8441
sq km in the period May 95 to May 96; the fell in ground water level was between 2 to 4
mts for an area of 452 sq km for the same period. Careful observations are necessary to
obtain a trend over a period of time before any conclutions can be obtained The percent
infilteration of rain water is only 3% in Dakshina Kannada district, a low value compared
to 10% in Bider and 8% in several other districts Estimates show that there is an available

ial of 822 mmx3 in the Dakshina Kannada district against a utilisation of 23%. The

potent
i the coastal area, is that there isa

perception amongst people in the district, especially i
scarcity for water during summer season Hence the potential, utilisation, recharge factors

for ground water should be estimated for each region.

Resources

Most of the activities use resources like land, water, air (oxygen, carbon dioxide,

nitrogen etc) bio 1esoutces, fuels, minerals, food, fish etc Resources are broadly classified

as renewable and non renewable or depleting type. Non renewable resources like coal,

petroleum oil, metallic ores etc. are stored resources and their usage reduces the total

quantum available. Hence, it is desirable to minimise the use of nonrenewable resources

Renewable resources are those resources which are regenerated every year

Fxamples are water, wind, solar enelgy.

We can classify renewable resouices as;

(iy  Autonomous regenerative resources;
The regeneration of these resources depends on nature and natural effects like

climate etc. The quantity of regeneration does not depend on human activities like
agriculture, transport, industries and domestic activities. Examples are water, wind

etc.

(i)  Consumption dependent renewable (regenerative) resources

The quantity of regeneration depends on the usage of a resource For
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example, the productivity of biomass depends on harvesting for use by people Large
scale harvesting for fuel has led to deforestation. In these cases, there is an annual
growth and if usage is less than or equal to the annual growth, the repewability is

maintained. Otherwise, the available quantity of that resource decreases (equivalent

to that of a non renewable resource).

Similar situations exist in the case of water flow in a river near a sea; gieater
consumption leads to a reduced flow resulting in a salt water ingression, thereby affecting
the basic needs of people in that area Harvesting of fish also has similar problems. There
is an upper bound on the quantity of harvesting. When we go on to harvest above this level,

rseeds” decrease and productivity comes down.

There is now a sub classification on this category of renewable resource also. This

is based on pollution (of water, soil, and air) Due to the addition of "waste" waters from

municipalities and industries, the quality of this resouice decreases resulting in a reduction
in net availability in the neighbourhood and an increased incidence of health problems. In
this case, though there is availability, the quality is less and this affects the growth and life
of organisms in the short and long range. Preventive measures like introduction of pollution

control units, tough implementation of laws, consciousness on the part of the polluting

_ agencies. public involvement in handling pollution/contiol problems etc are 1equired in a

holistic manner to avoid this problem

These groups of resources depend on good planning and management policies for

their sustainability - sustainable usage as renewable resources. We need to have limits on

consumption and ensure control on consumption and quality.
The above grouping is based on regeneration of resources. We can classify resources

based on consumption and production.

We know that spatial distribution of population is not uniform - it is highly skewed.

Population density is a good illustrator of this fact Also with the higher concentration of

other activities like services and industries, it is natural to expect that consumption of

resouices also exhibit a skewed spatial distribution. So each spatial 1egion is no more a
closed non- interactive system when we study resource consumptions. Fach region may

impott o1 export resouIces. This leads to a classification of resources as local and non local
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Local Resources

If there is a sufficient quantity of a resource available in the region and that region’s
consumption of that resource comes mostly from the available quanta, then the resource is
called a local resource  Initially, many 1esou1ces were local resources water was not pumped
over long distances; people lived near rivers or lakes But the situation has changed a lot.
Still we have many regions for which water is a local resource. Water is definitely not a

local resource for Bangalore city. Similarly, firewood was a local resource before we started

transporting it over long distances

Non Local Resources

If a resource needed by 2 region comes from another area, then we can classify that

resource as a nonlocal one. Timber has been transported to different places from forests

for a long time and hence it is a non local resource Today many resources are becoming

nonlocal resources.

Resources can be classified as primary or secondary ones based on the fact that they
are naturally occurring or produced (engineered).‘ Resources like wates, air, minerals, fuels
A Nn moab and ail _bi_om_asg,__.g_l_'as%__,f_i__S__hg.._O_I_ganisms are naturally occurring and hence are

primary 1esources. We can alter their 1ate of productiOn thrbu'gﬁ"éngiﬁéé’ﬁﬁ'gﬁ:bﬁi”rfiai'gi‘iiai";"”“"" e

But resources like agricultural produce cereals, pulses,- electricity, etc are secondary
resources as there is a considerable effort required in their production There is always an
energy efficiency associated with secondary resources due to conversions and losses A good

ry resousces like electricity and reduce losses in

usage policy is to minimise use of seconda
se of essential secondary resources like food.

production and wastage in usage in the ca

Resources can be further classified as simple and complex ones. Some resources can

be identified and separated as a single ope [Examples of simple resources are water, coal,

fish, electricity, fertilisers, minerals etc

Complex resources meain that there are several resources strongly intertwined and

interacting that separation is not meaningful  Examples are soil, forest, coastal organisms,

etc.
Resources can be classified as producing and absorbing based on the fact whether

they are regenerated or they absorb various "wastes” produced by activities. Examples of

generating 1€SOUrces are forests and coastal ecosystems. Example of absorbing resource is
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air. Air is also a complex resource, Soil has both generating and absorbing characteristics,
but when it absorbs less that its quality is retained, it is a generating resource. But when
absorption dominates, we get degraded soil So depending on the quality of soil and its

usage and the dumping of solid wastes, we can classify soils accordingly.

Resource Consumption

Whenever we want to plan for development of a region, or we want to find out the
sustainability of resources in that region or we want o conduct carrying capacity studies, the
basic aspect to be looked at is the consumption of various 1€sOUICes in the region.
Sustainability and good ecology depend on the understanding of the consumption of
resources and the development of proper strategies for usage based on the existing
consumption pattern. Hence the first step in doing any of these studies or any modelling

activities is to calculate and estimate consumption of resources.

A region can be viewed as one consisting of several activities needed by the living

resources of that region Each activity consumes some Tesources, produces some other

resource and emits wastes.

B L e TToSGHISE. Copsumption S ~narmally because of conversions in

activities Different types of conversions are;

(1)  Simple conversion producing a resource Example; cooking stove (burning).
Resource consumed is fire wood, the output is heat for cooking and production of

carbon dioxide, a basic resource in air.
(2)  Simple conversion with a recovelable waste, Fxample; washing.
Resources consumed are water, and washing powder. Output is waste water.

(3)  Cascaded usage. Example: Washing and agricultural irrigation.
We use water for washing and the waste water is used for irrigation.

(4)  Complex conversion Example - agriculture
Resources used are land, water, eneigy, seeds, fertilizers, pesticides, etc Qutputs are

cereals, agricultural residues, waste waters, soil degradation etc,

We need to not only study different activities, and resources utilization, but also set

up norms for use of natural resources for each activity.
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Types of Relevant Natural Resources.

In order to look at sustainability of a region, we need to find out availabilities and

consumptions of different resources Since many resources are used, we would like to look

at major resouices that are important for sustainability and cannot be engineered.

Major resources of relevance to Dakshina Kannada district are the following:

i) Water - rainfall, canals, wells, ground water - for several regions and seasons;
quality of water.

i) Land - landuse, land cover, quality of land - erosion due to sea.

i) Al - desirable levels of oxygen, carbon and sulphur components.
Diffusion/dispersion.

iv) Biomass - fire wood, coconut/arecanut 1esidues, agricultural residues.

v) Biogas - from animal wastes, solid wastes, Sewerages, industrial wastes etc,

vi)  Food - from agriculture, imports
vii)  Fish - from ocean, surface waters

viii) Forests

iX) Coastal system - micro organisms {0 fish
X} Soil - enrichment, leaching, quality,
Many resources are interactive  Forest proaiiciivity “Gepriids” sn-atmespherio

pollution Fish production depends on harvesting, micro organisms, pollution from rivers,

canals and pipelines from industries. Water and metallic pollution affects land and soil.

Solid wastes reduce soil quality and land availability

pigs etc are not considered as they are not
y need land for grazing, and

Animal resources like cattle, sheep,
relevant as inputs, but are relevant as consuming resources. The

water for survival. They are considered for producing biogas.

Need for Carrying Capacity

Initially population was at a Jower level Activities were not many - society was

dependent on agriculture So the consumption of 1esources was at an acceptable level -

mostly we used directly accessible, 1enewable resources.

But with the advent of industrialization and development of energy/power generating

increased. Consumption of resources also increased, We started tapping non

units, the needs
ndustries polluted water, air

renewable non regenerative resources also. The outputs from i
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and land resources degrading some resources. Consumption of energy resources destroyed

some 1eS0uIces - deforestation.

The effects of this are cumulative leading to a depletion of resources So it became
necessary to carefully nurture and manage resources used in our activities.

Initially management of natur al resources looked at alternative sources (like biomass
in the place of coal, ethanol for petrol etc), and technological developments were initiated
to improve efficiency of usage. Reuse and recycling of resources are being attempted now

Still, the increasing need for resources due to increases in population and wants of

people may stress an area or tegion Hence, it is desirable to conduct studies to obtain the

limits on the availability of resources and thelr usage

Since different regions of a state may not be developing at the same level, there is
normally a skewed level of development. Utilisation of resources will not be uniform in all
regions. Patterns of development (based on perception, availability of infrastructure) may
vary  But development is a continuous process Hence, carrying capacity studies for
different regions will allow us to divide the state into regions of different classes - highly
- sreom ctezssad rezions, normally stressed regions, low - stressed regions - for different

development plans for each region.

Land Resources

For any region, land is the most important resource. It js basic resource used for

agriculture, human settlements, industries, schools, communications like 1oads, storage

reservoirs, trading establishments, service units, powerstations and most importantly forests.

It is well known that a certain percentage of land is to be preserved as forests, in order to

maintain the ecological balance of the region, state and country.

There is a lot of competition on the usage of 1and by various activities. Hence, a good
optimal land use policy is necessary. This becomes more imperative in a country with a
higher population density like India. As already stated, the population density of Dakshina

Kannada district is higher than that of state, we should be carefull in the allocation of net

available land to new activities.
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We have land use land cover maps available for different land classifications. We
p all areas inuse - forests, agriculture, settlements, other essentials like
This will give us land area

remove from this ma
schools, religious places, and existing industrial land use.
available for future needs. From this, we subtract the additional needs of a growing

population - settlements, agriculture and other needs for a period of 50 years We need per

capita norms for these activities This gives us the net land availability.

L net = L total - L forests - L agri-
L settlements - L essential - L exist ind
- L future essentials - Lspare

where L total is the total land of the area

L forest - forest area

L agri - land used for agricultural purposes

L settlements - land for human needs like houses,
trade, services etc,

L essentials - land for schools, religious purposes, storage
reseTvoirs, parks, etc,

L exist ind - land used by existing industries

population = p * ne

where p - population (addition)
ne - norm (land required per capita)

L spate - spare for unforeseen

Now only L net (net land available for development) is to be made available for
industries It is imperative that norms should be developed to establish land requirement
for each class of industries We also note that L net includes land for industries and land
required for additional needs that arise due to the setting up of industry -(land required for
transportation, services, settlement for employees etc.)

k
Lpet= X Li mi.ci
1=1
where Li is the area required for ith group of industries
mi - multiplier factor
¢l - capacity
If capacity is not a continuous variable, than we rewrite the inequality as




k ¢
Lnpet = £ X Lij mij nj
I=1j=1
where Lij is the total area required by the ith group of industries for a capacity group j
mij is the multiplier factor
nij is the number of industries of group i for capacity group i
(capacity is grouped into C groups, each group with a particular value based on the
existing capacity ranges - thereby making capacity a discrete variable, realistic with the

existing situations).

The above land constraint states that the total requirement of land by different
industry groups with different capacities should not exceed the net available value.
Actually the net available land area (given in hectares, say) is not a single contiguous

value Hence we eliminate ail industries needing larger contiguous areas for a capacity by

the constraint.

nij = o if
Lij mij > L cont max

. We divide L net into a.set of land areas .

like (Lcl, Le2, Len) where Lel,Le2 are contiguou“s” areas and T e

Lel + Le2+ + Len = L net
Icont. max = max (Lcl,Le2,. Len)

Recall that this may not eliminate an industry group (i) in totality. It will only
eliminate only industries of that group with very laige capacities. This constraint is of

theoretical importance today because technological improvements have reduced land

requirements for most types of industries

What is Carrying Capacity?

People and society consume various resources. Thete have been instances when
societies have found shortages of some 1€SOUTCES We keep hearing about water shortages.
Fortunately, with green revolution, better storages, buffer stocking and transportation

facilities, it is now possible to handie food shortages in a region. Butwe do have grass and

fodder shortages in different places during several periods. Ground water shortages exist
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in several places. Water usage has led to quarrels. From this, it was felt that the available

resources can meet only a maximum level of population,

We ask questions like what is the maximum number of population that we can
region? It can be human population or animal population. The

sustained in a particular
food producing capacity of that area, grass producing capacity of

calculations are based on
that area etc Carrying capacity is calculated as

maximum food production

Population that can be sustained = -----essmmomsmmmmmmmmessoommemmnooos
food requirement for a person

Sometimes, it is based on two or more parameters like food, water etc. Then the

carrying capacity is given by
C = min (Cfood, Cwater, ------------ )

The above depends on productivity of soil, technology used, acceptable comfort levels

etc Hence, it varies with time, with assumptions and with values used So we should define

B, A oy APy | .a.-]n_nm._-'n._':li...a_nt.‘i.. e

carrying capacity as COnstrained by Uie current siaies shwdinoiogy, ofphysicalychemicaland
biological environment, of social, political, economic institutions, of levels and styles of living

and of values, preferences and moral judgements.

Some examples of carrying capacity are:

1) Food productivity in an area,
2) Biomass productivity in a fo1est area (sustainable),
3) Water availability in a river basin,

4) Grass productivity,
5) Fish productivity,
6) No of vehicles on a road etc

These are secondary values based on which the primary values - like the number of
lated. Since our task here is to find out the carrying

people that can be sustained - are calcu
it is more

capacity of Dakshina Kannada District from the point of view of industries,

focussed. so let us first define carrying capacity
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U.N (1980)

Carrying capacity 1s not given exogenously; it is determined endogenously
Is and policy measures, can make it possible to

i e Development strategies, with a set of goa

have a continuing expansion of carrying capacity

KIRCHNER

Carrying capacity of a region is the maximu
allowing for random and seasonal changes, without any degradation

m population of a given species that can be

supported indefinitely,
of the natural resource that would diminish this max-population in the future

VOGT

Man has moved into an untenable position by protr

acted and wholesale violation of certain

natural laws.

e evwTTRTRXT T INITY A Ly

S T DT R R M R R

tlibut

The fact that each area has a carrying capacity beyond which it cannot be utilised wi
causing damage, deterior ation and decreased productivity, is an ecological rule that is almost

always forgotten by those who plan and carryout jand use development schemes

Applied to mainly

Soil conservation -------- > usage
(desertification)

inadequate mgmt of irrigated
areas - salinity- loosing land

Pressure of population of humans ------=--- > biomass of

cattle ----------- > overgrazing
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HOMEWQOD AND RODGERS
acity is not to areas with great annual variation in primary
be defined satisfactorily in terms of a given

Concept of carrying cap
productivity and furthermore it can only

mapagement aim.

HOGG

Judgment about carrying capacity is subjective.
We peed data to assess longterm degradation o

f vegetation and/or desertification.

FEARNSIDE

Sustainable carrying capacity is the m
perpetuity on an aiea, with a given t

aximum oumber of persons that can be supported in
echnology and a set of consumptive habits, without

causing environmental degt adation

Human Carrying capacity
Food supply

T T T R T s

Individual food requirement

Water availability

Population requirement for water =
Individual water reqt.

Population that can be fed and it's water needs met = min(P1,P2)
Carrying capacity ------ >
(1) Productivity.
Primary Productivity
Food Production in an area
Biomass productivity in a forest ecosystem.
Water availability (seasonal, average) in a river
Average grass production ( grazing).
Maximum number of vehicals that can travel on a road.

Fish productivity.




Acceptable burden
What is optimal/ acceptable productivity?
(biomass yield is 10 t/ha or 100t/ha)

Secondary Productivity.
Soil Productivity
Population that can be supported by an area
Biodiversity
Coastal Productivity (of micro-organisms)
Productivity of land(overall)?
(minimal wastage of land?)

Carrying capacity not only depends on ecological concepts but also on human choices and

technology.

So define a current (but varying) carrying capacity as constiained by the current states of

technology;
Of physical , chemical and biological environment;
~_ Of social, political, economic institutions;

Of levels and styles of Iving and morai judgaieisis.

Tertiary level.
Maximum number of activities-domestic, agriculture, transport, ir_ldustlies that can be done/

supported without affecting
(1)  Quality of life (pollution, traditional practices like gathering firewood, access

to traditional resourcesand health)
(2). Balance of resources (is maintained).
(3).  Sustainability.
(4).  Existing systems(?)

(coastal erosion,salt watex ingress)

Definition: Carrying Capacity

We can define carrying capacity as the maximum number of activities - like domestic,

agriculture, transpoit, industries - that can be done continuously over a period of time

without affecting
27




1) the existing quality of life (frdhl the point of view of existing traditional plactices,
access to resources, health and pollution levels)

i} the balance of resources (renewability/regeneration is maintained)

iiiy  the fact that activities can be done on a sustainable manner

iv) neighbouring systems

v) existing ecological systems like coastal systems, forests etc.

The above is a qualitative general definition. We redefine it for the purpose of

industrialisation as an optimization problem with an objective function and constraints. The

quantitative definition follows:

We define carrying capacity for industries as:

If there exist an excess of usable resources like land, water, biomass, minerals etc.
after meeting the existing and essential - domestic, agricultural and other 1equirements of
man for the next 50 years, then the carrying capacity for industries is defined as the
at can come in that area subject to the following constraints:
industrialisation should be less than the

maximum industrialisation th

1) the total requirements for each 1esource by
net available quantity of that resource in that 1egion

it} total pollution load does not affect the needs and health of the people and maintain

a desirable state of the region

iiiy  the forest and coastal ecosystems, large settlements, essentiai ATEAS EiC are notT T

affected.
v) usage of non renewables is discouraged
v) there are no permanent undesirable effects on the region

Let us now write the mathematical frame work for this problem of calculating the

number of industries that can come up in that area - Dakshina Kannada district.

Mathematical Framework

The problem of industrialisation can be posed as an optimization problem. The
objective function is industrialisation. What is industrialisation - number of industries - that
utput we need from the solution. We can define industrialisation as the
It can also be the annual production. But
hould include small scale sectox

may be the o
maximum employment that can be generated.
I think employment is a better indicator and the framewoik s

also - particularly those which use resources and produce pollution (like tile industry).
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We can modify the objective function to include the risk factors also as a penalty.
Similarly use of non renewables can also be treated as a penalty. The decision variables are:
industries are grouped into several classes based on consumption and poliution,

ni - number of industries of class i that can be set up in that area

ni - is the decision variable

just like we group industries, we can also discretise production capacity into groups instead

of treating it as a continuous variable. Then we get

nij-  number of industries of class i with production capacity Cj
The objective function can be chosen from:
1) Employment

¥ ¥ eij nij
i
whete eij is the number of employees required for industry of group i with capacity ¢j.

2 Employmemandnsk s

¥ ¥ cij nij - X 2. rij nij
i ] ]
where cij is the cost towards employment 1ij is the cost due to risks for industries in group

i for capacity ¢].
3) Employment, risk and penalty on non renewables

¥ cijnij - = X 1ij nij - £ Pk Rkb
i i k

where Pk is a penalty factor, a fairly large value. Rkb is the amount of non renewable
resource, k used by the industries in the solution. Rkb is obtained from the resource
balance constraints.
The constraints are:
1) All decision variables are positive values
nij = 0
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2) Resoutce balance constraint

a) water usage in every region for every period by all
net dependable water available in the region after meeting essential needs plus losses.

d be less than net land available excluding

industries should be less than the

b) land requirement for industries (nij) shoul
forest, coastal, agricultural, settlements, grazing and other present and future
requirements We identify large patches of land available for industries.

c) skilled manpower required by industries preferably for each category of skills, should
be less than or equal to the available manpower for each category.

d) energy requirements should be met
e) transportation requirements should be met
3) Pollution levels should be within limits. This needs to be done as a separate set of

studies for water and air pollution and based on that we obtain maximum number

of industries of each group in every region.
Then we get
nijt < nijrmax in each 1egion
where nijr is the number of industries of group i capacity ¢j in region 1. nijrmax is
obtained from separate studies. This is a simplified constraint. We can make it more

realistic by the following constraint,

Plkrmax = X X nijr . Plijk

T T
- 5

Plk is the poltution load of type k (types can be BOD, COD, metallics, CO2, SOx,

NOx etc.). )
Plkrmax is the maximum load of pollution type k permissible in region r.

plijk is the pollution of type k generated by industry group i with capacity cj

Activities

As seen before, a 1egion’s dynamics depends on several activities which consume
resources Examples of activities are domestic like cooking, lighting, use of water in cooking
and drinking, agricultural activities like ploughing, irrigation, harvesting etc., transportation,

cattle feeding, construction of buildings, industries etc.

Activities can be grouped as domestic, agricultural, industrial, transport and service
oriented  Further grouping of industrial activities as manufacturing, mining, power
generation, textiles, metallurgical, chemical, paper, sugar, food processing, €fc. is also

possible.
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An activity can be modelled as a process with certain inputs of resources and certain
outputs - both desirable land wastes - as well as losses to the system (which are not

recoverable). Activities normally consume 1€sources and produce outputs. Let us consider

examples.

Consider agriculture. Inputs are land, soil, water, energy, fertilizer, pesticides etc
tural residues. In addition, there

Outputs are food produce (cereals, pulses etc ) and agricul
icides and of soil (due to water

is a quality change in the pollution of water due to pest

logging).

Similarly, a power generating unit consumes fuel (like coal), land, water for boiler,
cooling water, land for storing fly ash, lubricant oils etc; it produces electrical energy; it also
produces fly ash, and many carbon based gases like CO, and some sulphur based gases like
SO, which go to the atmosphere. It also produces waste water. This activity also uses

people for employment which is also a resource - human resource
An activity can be modelled as

Qoi = fi (Q1,Q2,Q3,-------- Qn)

where QI, Q2, ---- are quantiﬁes of different resources B
Qoi - is the ith output resource
£ - function of the output ith 1esource

So one of the aspects of modelling is to list all activities, estimate the required
outputs of desired activities and calculate the needed input resources. The quanta of

resources used and generated are used in the resource balance equation

Resource Balance Constraint

We know that if we want to have a sustainable use of each resource, then the total

yearly consumption of a 1esource in a region should be less than the regeneration of that

resource. This is the resource balance constraint.

ate that total generation of a resource for a time period in a region should

We can st
meet the following:
1) consumption of the resource by each activity - essential and others
i) conversion of the resource due to pollution
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iiiy  losses in the resource in each activity
minimum desirable quantity of the resource that should be left unused.

V) consumption of the resource by existing industries
vi)  consumption needs for future
vii)  balance (1bi)

We use only the balance quantum available for finding out additional

industrialisation.

When we talk about resources, we use the balance equation for basic resources like
water, land, air, biomass, electricity, skilled manpower etc. which are needed by industries
to be set up The net availability is calculated after reducing from existing generated
ptions for existing and basic needs, future basic needs, losses and

quantum the consum
minimal residual quantity It is this net available which is used in our carrying capacity

model as a constraint

The net available quantity (balance) of a resource should be more than the

requirements for different industries.

n ¢
_rhit > X ¥ nik . Qfkit . mjki

where n is the number of industries of group j and capacity k;
Q is the quantity of resource i needed to produce a capacity k of industry group ]

during period t.
n is the efficiency of conversion for ith resource

Grouping of Industries

Industries have two effects on an ecosystem - one they consume many natural
resources and second they pollute the atmosphere, water and soil. But all industries do not
have the same effect on pollution and consumption. There is a large variation in these

aspects.

Secondly, we cannot consider industries individually. That will make the model
difficult to handle Hence, it is desirable to group industries based on the above aspects.

A typical grouping is attempted below:

32




Group 1:
Industries that consume small quantity of resources like land and water and pollution

outputs are negligible.
Examples are computer software units, hardware units, system integration units,

electronic systems manufacturing, manufacturing of electrical machines and transformers,

manufacturing of electrical and electronic control devices and systems, manufacturing of

elevators, oxygen manufacture

Group 2:
This group deals with industries that need some natural resources and there is some

water pollution, but negligible air pollution. Examples are textiles, large machine tools, food

processing industries, tiles.

Group 3:

This group nn
but air pollution is negligible.

Examples are paper manufacture, sugat, metallurgical industries (mining).

eeds substantial natural resources like wood and there is wate1 pollution,

Group 4
__This group needs 1esources and Iesults m water/au poilutlon

Examples are chemicals, petrochem;cals poiymers Dallely laiiafaciarc:

Group 5:
This group needs natural resources and affects water, air, soil in a major way

Fxamples are thermal powel plants, distilleries etc.

Group 6:
Deals with hazardous industries like nuclear (1adioactive)

Sipce the requirements of group 1 are low, the effects are minimal and many
industries belong to this category, this is an ideal group to look for from the point of view
of carrying capacity, sustainability and acceptability. Hence, without delayed analysis and

from first inspection itself, we can infer that many industries of this category may be set up

without affecting ecology But we may need to generate skills especially in the area of L T

industries and provide communication infrastructure.
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Steps

Step 1:

Step 2:

Step 3

Step 4:

Step 5:

of Implementation

From the land use land cover maps prepared, identify major areas of land
available for development. This should exclude areas already mentioned.

Conduct studies on water supply, and consumption by domestic, agriculture
and industries. Project on future usage for essentials and establish surplus
water availability for different seasons on a dependable basis. Suggest
marginal storage units, if required, indicate the surplus availability areas on
a map of Dakshina Kannada district.

Superimposition of the land availability map on watet availability map

will give us areas for gioup 3/4 industries.

Conduct studies on the atmosphere; identify point sources based on the land
use/water resources maps. Establish maximum allowable pollution load
including existing industries, and 1oad networks (point, line and volume
sources). Establish the minimum distance between two industries based on
air pollution. We can use data on highly polluting industries for this purpose
and conduct diffusion/dispersion studies to arrive at the minimal distance.

~ Use a factor of safety to arrive at a practical distance between two industries.

azlondots tha number.of

From the maps of watel/land Usage, we Lail vouTuszss ==
industries of higher groups. We can get a set of values which become the

feasible solutions.

Check for soil and solid wastes Calculate solid wastes that will be produced,
identify a good management system for solid wastes Based on solid wastes,

adjust the feasible solutions.

Calculate employment for various industry groups
Check the constraint for skill jobs,

Adjust the number of industries

Obtain optional feasible solution.

Requirements for Success of the Study

1)

We need a coordinating and monitoring committee that identifies
persons/organizations, define the sub problems and deliverables from each sub

problem. The committee should organize discussions with each group, monitor the
progress and get the results
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10

12

Estimation of necessary skilled manpower for each industry group and capacities;
estimation of possible methods of generation of required skills in Dakshina Kannada
district through establishment of training institutes, infrastructute development (like
internet) etc
Agency: 1) Department of Management, Mangalore University
2) Prof. Vinod Vyasulu, CBPS, Bangalore
3) Dr. S Rajagopalan, TIDE
4) Dr. KN. Krishnaswamy, IISc.
Studies on migration of people from Dakshina Kannada district, and to establish
reasons for migration _
Agency: Prof. KM Hegde, Prof Hebbar, Prof. Moodithaya,
NMAMIT Nitte
Studies on biodiversity, effect of industrialisation on biodiversity.
Agency: 1) Prof. Madhav Gadgil’s group, [ISc.
2) Biology Department, Mangalore University
3) Prof. Achar, Karkala
Studies on solid wastes - estimation of solid wastes, disposal methods, requirement
of land, soil degradation etc.
Agency: Dr. Poornima Vyasulu, CBPS
Simulation studies on transportation. ... ..
- transportation 1equirements of industries,
- carrying capacity of existing roads, '
- requirements of new industry groups
Studies on dispersion of fly ash during monsoon - due to heavy rains, effect on soils.

DATA SOURCES

1. Groundwater - Central Groundwater Board, Govt. of India.
Groundwater Cell, Dept. of Mines and Geology, Govt. of
Karnataka.

2 Rainfall - Public Health Dept. , Diought Monitering Cell, Govt of
Karmnataka.

Indian Meteorological Dept. , Govt of india

3. Water Resources - WRDO, Govt. of Karnataka.

Minor Irrigation Dept.

Karnataka Power Corporation.

Karnataka Uiban Water Supply and Drainage Board,
Agriculture Dept. , Govt. of Karnataka.
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4 Industries -

5. Transportation -

6. Power -

7‘ Flshenes o

3. Flora -
9 Maps -
10 Forests -

11. Small Scale Industries-
12 Ocean-

13 Wind -

Director of Industries and Commerce,

Bureau of Economics and Statistics,'

Centre for Montering Indian Economy,
Kammataka State Pollution Control Board,
Central Pollution Contro! Board,

Greater Mysore Chamber of Industries,
Karnataka State Industries Infrastructure Coip.,
Dept. of Industries, Govt. of Karnataka,
NEERI reports and publications,

Dept. of Planning, Govt. of Karnataka,

Tecsok, Govt. of Karnataka.

Transportation Dept., Govt. of Karnataka
PWD Dept., Govt of Karnataka.

Ministry of Surface Transport, Govt. of India.
Karnataka Power Corp.,

Karnataka Electricty Boaid,

Dept. of Energy, Govt. of Karnataka,

Regional Power Survey Directorate, CEA, Govt. of India.
Karnataka Pollution Contiol Board.

FHETES Dty o
Reports of College of Fisheries

National Botanical Research Institute.

Survey of India.

Kammataka Remote Sensing Application Centre,
NRDMS Centie, Dakshina Kannada District.
Forest Department, Govt. of Karnataka.
KSSIDC, Small Scale [ndustries Service Inst,
Nation Inst. of Oceanography.

Dept of Ocean Developement, Govt of India,
CAOS, IISc

Dept of Non-conventional Energy, Govt of India

IREDA, New Delhi,
Centre for Renewable Energy Development, Karnataka,

KSCST,
Raman Research Institute.
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Action Plans.

A list of activities that are to be initiated by the government is listed below. These

activities are necessary for the successful completion of the carrying capacity studies These

activities are action plans

(1). Clearance of projects:

Scope of work has been written up and based on the scope, sub-problems like water
resources, air, land, industry, eneigy efc. are identified Projects proposals submitted by
investigators, who were identified through discussions, were analysed. Hence, the first

activity is to look at these project proposals, define sharply various factors like the scope,

methodology and deliverable outputs, budget and duration through discussions with
s essential to initiate these projects. The

ipvestigators, and approve proposals. This step 1
government should also clear the budget proposal for each project at the earliest.

(2) Setting up a co-ordination/ monitering committee:
Since the whole progiam is a highly focussed one the outputs required from each project
final integration phase, there is a lot of interactions between these

s a time criticality, it is necessary to set up a co-ordination/monitering

are needed for the

projects and there i
-_;c-q;_ry_;;qufrge_._.whig}_l_ will review the progress of these projects at periodic intervals, suggest

oAt o

course correction, maintain a tight control on fime DUGEEL, get i Teoulis TEVIsmat b

experts in each area, liase with government, obtain o1 help to obtain requisite data from

government departments or others, get help from reputed scientists/ research organisations

as and when required by any project co-ordinator, and do other activities as deemed fit.

This committee should conduct periodic review meeting with investigators of each

project, sort out problems and suggest course corrections A separate budget head should

be created for handling the administrative expenses of this committee.

(3) Creation of databases.
As repeatedly stated, the projects will succeed if and only if the requisite data become

available. The data should also be correct. The government should try to get the data from

all sources. In the long term point of view, it is desirable that the Dept. of Ecology and

FEnvironment should setup a library of data and reports on the economic, social, ecological,

developmental aspects preferably locating such a library at the Centre for Ecological
Sciences,IISc or at KSCST In the short term, the government should get data required by

project investigators with minimal delays.
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4) Administration of Projects.
There are several administrative aspects related to the projects. In some instanses,
¢ and the respective institutions will handle all

the project funding is given to the institution
t is desirable to have an administrative

associated administrations; but in some instances, 1

support from outside. Similarly, the monitering commi
desirable to conduct brainstroming sessions and

ttee also needs administrative support.

As part of the overall program, It is
workshops on the studies being conducted by the investigators of the projects, by inviting

outside experts, Jocal environmental groups, administrators and industrialists Hence, we need

to find an agency for providing administrative support as well as accounting support.

Since, the district committee for science and technology is very active in the Dakshina

Kannpada district, it has several projects,it is implementing them successfully and it consists

of several motivated persons, it is desirable to entrust the work to the DCST of Dakshina

Kannadadistrict. They can provide support to investigators, support 1o the co-ordinating

committee and organise brainstorming sessions. They can also liaise with state government

agencies and district administration as well as obtain data from Jocal sources and get

cooperation from various local agencies,

Projects
Slno ProjectActivity [vestigaTors @ __Duration___
Agency
(1). Air pollution D1 G Sriniketan
* limits Dr.M B Saidutta 2 years
KREC, Surathkal
(2). Water Resources Dr Lakshman Nandagiri
* -Potentials,Usage and others 2 years
and Quality.
(3) Solid wastes- Dr.Gopal Mugeraya
* area requirements KREC,Surathkal 2 years
Dispersion of fly ash
4). Flaws of Resourses D1.S Rajagopalan
* into activities. TIDE,Bangalore
9 months

and others.
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()
(6).

(7).

(8)

®)

(10).
(11).

(12).

(13)

(14)

15).

Transportation

Migration in and out
of the district.

Biomass production

and estimation.

Landuse

Industries

Eneigy

Fish productivity
studies.

Shellfish Safety;
Microorganisms of
Public health significance

Microbial Diversity

in coastal waters receiving

industrial effluents.

Human Resources

Effects of marine

pollution.

Dr.A.U Ravishankar
KREC,Surathkal

and others

Dr K M.Hegde
NMAMIT, Niite

Dr K S.Jagadish,
Dr Chanakya,
M1 Somasekhar,
ASTRA,IISc

Di.C R.Bannur
KSCST.

Dr. T.V Ramachandra
CES, 1ISc.

Dr.T.V Ramachandra

Dr Mohan Joseph
College of Fisheries

Dr. 1 Karunasagar

Dr. I. Karunasagar

Dr T Mallikarjunappa
University of Mangalore

Dr.AV Hegde
KREC

2 years

20 months

2 years

1 year

2 years

2 yeais

2 years

2 years

1 year

2 years

. 2years
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(16). Industries Dr.Indira,

* Dr Vinod 1 year
(17) People’s perception Dr Kailash malhotra
* of Carrying Capacity Dr Shoba Raguram

limits and Okkoota 2 years

Second Stage
* System Integration(will start after 1.5 years)

NOTE: The asterik (*) mark indicates that these projects have objectives that are of

the scope of work and are essential.

Budget

The estimated cost for the projects will be about Rs 15 crotes. The duration of

work will be around 1.5 to 2 years.

Recommendations

sting state of the district, we can make the following recommendations

From the study exi
large quantities of resources and affect the

1. Major industries which consume
environment can be identified for consideration only after the above mentioned

studies are completed. The studies will tell us the type, number and capacity of

different industries.
2 We need not wait for the studies to be conducted or completed, but it is possible to

take up industries which do not consume I€source and which do not affect our land,

water, air, soil, forest and coastal environment. Examples of such industries are

computer software, system integration, electronic device manufacture, etc.
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Limitations of Carrying Capacity Limits

Carrying capacity limits are calculated for a region based on several assumptions on

technology, social behaviour, developmental process and individual preferences There are

changes occuring in technologies available for resource utilization and intervention methods

to improve environment. On the other hand, it does not include current management and

operational inadequancies like the difficulties in meeting current watet and wastewater

systems in urban areas. (We assume that waste management systems are working well).

Social change may also increase o1 decrease consumption of a 1esource for an activity due

to reduced availability, or better education ot new technological changes oI cOMSCiousness

of conservation.

Hence any limit evaluated for resources is only a guiding value. Because of various

assumptions and factors, we may get several values for a parameter. The results of a

carrying capacity study should be considered and analysed based on realistic factors to ariive

at an acceptable value for the chosen resource. For example, if we state that available water

" in a place can meet the needs of 1000 petsons, we can easily nciease the limit to 2000

persons by reducing per capita water needs by halt  Ihese “Gecisions onbans-Imput

parameters and standards are to be arrived at by persons in charge of development of a

state

But we can use the cartying capacity studies as a good decision support system for

government policy planners and managers. It helps them in arriving at good decisions.

They know the impact of their decision on the environment
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Annexure

Some Person

WoWw RN R Ty RNk
2 B RBRBNEBERRYEEBEBERISLEIERS

Dr K V. Rao Mangalore University

Dr. Indrani Karunasagar, College of Fisheres.

Prof. P.N. Singh, Principal, KREC Suratkal
Dr. S Srinikethan KREC

Dr. M B Saidutta, KREC.

Di. Shreekumar, KREC.

Dr. KN. Lokesh, KREC,

Di. KRN Setty, KREC.

Sri Srihari, KREC.

Dr A Vittal Hegde, KREC.

Dr B B Hosetti, Mangalore University.
Dr Ravindranath Shanbag, Manipal

Dr. Ranjan Rao Yeradur, Guruvaranakere.
Mr. Shampa Daithotta, Okkoota

Mr. Murali Ballal, Economist.

Mr. Upendra Hosabettu, Okkoota

Mrs. Celine Aranha, Okkoota.

Mis. Vidya, Okkoota

Mr Vittal Rao, Okkoota.

Dr. Ashok Kundapur, MGM College.

Mr. Mohammed Guthegar, Okkoota.

Prof P.V Bhandari, Principal MIT Manipal
Faculty members, MIT Manipal.

Faculty members, College of Fisheries.
Faculty, Mangalore University.

Dr. Lakshman Nandagi, KREC

Dr. KM . Hegde, NMAMIT, Nitte.

D1 Moodithaya, Nitte.

Faculty member, Engineering College, Sulliya

Mr. S M. Shivaprakash, College of Fishemnes

s who Participated in Discussions (in random order)

MlsomnathNalk,OkkOOta e A
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32
33
34

35
36.
37
38.
39.

Prof. NCLN Charyulu, KREC.

Mis. Vijayamala Nair, Mangalore University.
Dr. Ramachandra Bhatta, College of Fisheries.
Dr Mohan Joseph, College of Fisheries.

Dr N Vinay Kumar, College of Fisheries.

Dr. LN Srikar, College of Fisheries.

Dr. V. Hariharan, College of Fisheries.
Dr R.J. Katti, College of Fisheries

Persons with whom discussion were held at Bangalore

T B T VU S

10.
11

12

13.
14.
15.
16.
17.

18

Prof. Madhav Gadgil, CES, IISc

Fr. CJ. Saldanha, CTS.

Prof. R. Kumar, IISc.

Capt. S. Rajarao, Secretary Ecology and Environment.

Dr. Balakrishniah, Director (Technical) Ecology and Envirionment.

Dr. Shivalingiah, Chairman, Pollution Control Board,
Prof. Nadkari, ISEC

I oA L S
Y e L DI E T S SR T LY X AT S

o s Thard iy, Theveispinen: Coximisen AT

Kaxnataka.

Dr. Vinod Vyasulu, CBPS.

Dr. A. Indira, CBPS.

Dr S. Rajagopalan, TIDE.

Mr. Sampath Kumar, TIDE

Dr. Vishnu Kamath, Bangalore University
Mr. Y B Ramakrishna, Varthamana
Students and faculty of CES, 1ISc
Students and Faculty, Geology Department, Bangalore Umniversity.
Dr C R Bannur, KSCST.

Dr TV Ramachandra, CES, IISc.
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Table 1: Population Growth rates (in percentage)

Sl.ne District 1961 - 1971 1971 - 1981 1981 - 1991
BANGALORE DIVISION
1 Bangalore 46 55 59 08 3800
2 Bangalora (rural) 16.22 24 30 14 70
3 Chitradurga 27 71 2720 22 51
4 Kolar 17 56 25 64 1605
5 Shimoga 27 83 27 30 1471
8 Tumkur 19 04 21 5% 16 36
BELGAUM DIVISION
7  {Beigaum 22 16 22 94 1818
8 |Bijapur 19.60 20 96 2135
9 Bharwad 20.01 25 76 1879
10 |UHara Kannada 2314 26 38 13 49
GULBARGA DIVISION
11 [Bellary 22 66 32865 27 09
12  |Bidar 24 26 2083 2565
13  |Gulbarga 2428 1963 23 71
14 Raichur 2875 26 00 2933
15 [Chickmagaiur 2333 2377 1152
16 |Dakshina Kannada 24 01 2255 13.27
17  IHassan 2305 2310 15.43
18 Kaodagu 17 18 2210 505
18  |Mandya 2838 22 85 15 80
20 |Mysora 24 28 24 g7 2158
STATE 24.22 28.75 20.69




Table 2: Density of Population (persons per sq. ki)

Sl.no District 1961 1871 1981 191
BANGALORE DIVISION
1 Bangalore 314 421 1595 2210
2 Bangalore (rural) 250 288
3 Chitradurga 101 129 164 201
4 |Kolar 156 184 232 270
5 |Shimoga g6 123 157 181
6  [Tumkur 129 153 187 218
BELGAUM DiVISION
7 |Belgaum 150 181 222 267
8 Bijapur a7 116 141 172
8 |Dharwad 142 170 214 255
10 |Uttara Kannada &7 83 104 119
GULBARGA DIVISION
11 |Bellary o2 118 151 191
12 |Bidar 122 151 183 231
13 [Guibarga 85 107 128 159
14 |Raichur 78 101 127 165
CAMMEORE DnaSioN L T
15 [Chickmagalur 83 102 127 141
16 |Dakshina Kannada 186 230 282 319
17 |Hassan 131 162 199 230
18 |Kodagu 78 g2 113 119
19 |Mandya 181 233 286 331
20 [Mysore 140 174 217 265
STATE 123 153 194 235




Table 3: Literary - Total (in percentage)

Sl.no District 1961 1971 1981 1991

BANGALORE DIVISION

} 34 34 4272 5132 7627

1 Bangalcre

2 Bangalore (ruraf) } 5017
3 Chitradurga 2509 3145 3825 5548
4 Kolar 21 29 27 08 3357 50 45
5 Shimega 2805 36.61 44 44 6153
4] Tumkur 2064 2936 3692 54 48

BELGAUM DIVISION

7 Belgaum 2603 3073 36 64 53 00
8  |Bijapur 24 45 27 48 3166 5513
g Bharwad 3335 3851 42 36 58.68
10 |Uttara Kannada 33 44 40 65 4835 6673

GULBARGA DIVISION

Bellary 20.91 2512 3064 4057
Bidar 14 49 2002 2644 45 11
Gulbarga 1473 18.74 24.94 38544
G S e e S e
MYSCORE DIVISION
15 |Chickmagalur 2753 34 93 43 50 61.05
16 [Dakshina Kannada 3235 43 45 53 47 75 86
17 [Hassan 24 34 3056 37 49 56.85
18 [Kodagu 36 27 44 30 5015 68 35
19 [Mandya 17 31 22 51 30 40 48 15

20 [Mysore 21 30 25 62 3134 47 .32

STATE . 25.40 31.52 38.46 56.04




Table 4: Percentage of workers to total population

gl.no District 1961 1971 1981 1991
BANGALORE DIVISION
1 Bangaiore 3965 3158 31 92 33 81
2 Bangalore (rural} 37.24
3 Chitradurga 50 95 3717 38 .86 3870
4 Kolar 47 13 34 9N 3611 39.76
5 Shimoga 44 25 3202 3584 3775
6 Tumiur 5021 34 02 3622 3970
BELGAUM DIViISION
7 Belgaum 43 38 34 48 36 06 37 41
8 |Bijapur 47 46 35 56 37 00 3792
9 Dharwad 42 27 3550 37 98 38 53
10 Uttara Kannada 44 97 33 68 3402 3513
GULBARGA DIVISION
11 Bellary 4614 37 .98 40 97 42 85
12 Bidar 46 72 3302 26 81 3716
P GiGaiGe T T T e T ATE R TGRSR o 388y A0ET
14 Raichur 48 51 3722 4107 42 04
MYSORE DIVISION
15 Chickmagatur 47 65 34 61 38 81 40 53
18 Dakshina Kannada 46 73 38 61 40.00 4129
17 |Hassan 47 30 3175 3520 37 56
18 Kodagu 46 92 40 40 4518 4509
19 |Mandya 47 45 3256 34 01 3865
20 Mysore 43 31 33 61 3516 37 38
STATE 45.48 34.74 36.76 38.45




Table 5: Percentage of agricultural workers to total workers

Sl.no District 1961 1971 1981 1991
BANGALORE DIVISION
1 Bangalore } 50 48 40 83 3254 1052
2 Bangalore {rural) } 7096
3 Chitradurga 74 74 73 10 7189 6926
4 Kolar 7870 76 05 75 52 7273
5 Shimoga 61 58 7039 72.29 7276
8 Tumkur 79 96 77.87 7917 7578
BELGAUM DIVISION
7 Beigaum 77 04 72 88 7115 7027
8 Bijapur 7550 7178 72 81 74 &7
9 Dharwad 7271 68 55 66 81 63 09
10 |Uttara Kannada 56.91 54 85 52 55 52 17
GULBARGA DIVISION
11 Bellary 7206 7273 72.56 74 31
12 |Bidar 74 53 7065 7502 7512
14  {Raichur 76 85 7627 78.85 7982
MYSORE DIVISION
15 |Chickmagalur 60 03 56 67 58 90 60 65
16 |Dakshina Kannada 64 82 5416 44 43 3579
17 |Hassan 79 52 73 45 73 44 7148
18 [Kodagu 44 58 43 21 3813 3198
19  |Mandya 43.87 81 11 80 60 7818
20 Mysore 69 08 68 42 68 54 66 00
STATE 70.55 66.71 65.03 63.12




Table 6: Distribution of workers in Dakshina Kannada District

Type No. Percentage
Cultivators 219324 19 50
Agricuitural labourers 178879 15 90
Forestry fishery plantation 74196 6 66
Mining and quarring 4328 041
Manufacturing, processing, servicing, repairs 325131 28 91
Construction of buildings 34880 311
Trade and commaerce 116089 10.32
Transport and communication 43232 384
Qther services 115260 1025
Marginal workers 50485 4 49
Nonworkers 1531350
1124449 100.00

Total werkers




Table 7: Landuse pattern in Dakshina Kannada District

Type Area Percentage

(hectares)

Total area ) 833595
Forest area 226783 27 20
Land put to non agricultural use 87238 10 47
Barren and uncultivable land 71886 B 62
Cultivable waste |land 71535 858
Pastures 31529 878
Trees and groves 89713 1076
Fallow land 34845 419
Net area sown 219966 26 38




Table 8: Percentage of net area sown to the total geographical area

Sl.no District 1981 1971 1981 1991
BANGALORE DIViISION
1 Bangalore 5212 48 85 45 10 43 30
2 Bangalore (rural) 50 92 54 10
3 Chitradurga 4574 48 86 57 87 63 30
4 Kotar 3858 39 32 47 83 49 30
5 Shimoga 2825 2907 30 68 3320
6  [Tumkur 4617 48 30 52 34 56 80
BELGAUM DIVISION
7 Belgaum 67 73 67 06 66.72 67 80
8 Bijapur 8346 68 21 7917 79.00
9 Dharwad 80 80 8022 7053 79 80
10 jUttara Kannada 1013 1067 1123 1140
GULBARGA DIVISION
11 Beltary 6298 49 27 64 67 58 50
12 (Bidar 61 41 64 28 85 .87 68 60
13  (Gulbarga 7536 7317 7194 74 80
14 |Raichur 74 29 68 21 68 86 68 90
MYSORE DIVISION
15 [Chickmagalur 31 52 3501 3932 40 00
16 |Dakshina Kannada 2233 2305 26 27 26 60
17 Hassan 47 25 5t 62 5175 57 00
18 |Kodagu 2679 34 20 3595 3580
19 IMandya 5428 48 62 48 33 5010
20 |Mysore 3733 3956 3856 42 80
STATE 54.10 51.96 54.49 56.60




Table 9: Percapita land available for cultivation (area in hectares)

Sl.no District 1970-71 1980-81 1990-91
BANGALORE DIVISION
1 Bangalore } 0.13 008 021
2 Bangalore {rural) 1 003
3 Chitradurga 0.51 040 034
4 Kolar 026 021 020
5 Shimoga 025 022 020
6 Tumkur 0.38 032 030
BELGAUM DIVISION
7 Belgaum - 040 034 028
8 Brjapur 073 06t 051
9 Dharwad G 48 038 €32
10 |Uttara Kannada 017 014 012
GULBARGA DIVISION
1 |Bellary 049 041 034
12 |Bidar 058 046 037
13  |Guibarga 079 0864 049
A ARAlehUn e e b TR e VBB e D RA L s pn i s e
MYSORE DIVISION
15  (Chickmagalur 034 029 030
16 {Dakshina Kannada o1 0.10 012
17  iHassan 033 0.29 028
18 {Kodagu 036 038 035
19 |Mandya 026 022 020
20 |Mysore 025 G 21 019
STATE 0.39 0.32 0.27




Table 10: Number of persons per registered factory

Sl.no District 1971 1981 1991 1893-94
BANGALORE DIVISION
1 Bangalore 2493 1109 1705 1691
2 Bangaiore (rural) 11424
3 |Chitradurga 13700 7865 7331 7375
4  |Kolar 20223 18322 18607 17758
5 |Shimoga 18862 5959 11691 13682
6 |Tumkur 31918 32965 13956 14882
BELGAUM DIVISION
7 iBelgaum 7817 2471 18601 9653
8 Bijapur 14882 5560 11234 12485
9 |Dharwad 6279 5009 5399 5761
10 |Uttara Kannada 17690 8060 16359 16502
GULBARGA DIVISION
11 |Bellary 7243 5772 7938 9190
|2 [Bidar ... .| 28414 19148| 16428 | 21196
13 Gulbarga P e b G 1"351'5:' Alanoes
14 |Raichur 5224 5341 5886 7412
MYSORE DIVISION
15 |Chickmagalur 20461 10602 1847 18500
16 |[Dakshina Kannada 5212 3225 5946 5491
17 |Hassan 20415 23396 20451 21966
18 [Kodagu 13511 4399 16120 14586
19 jMandya 22200 13636 20366 27362
20 [Mysore 10588 5397 6714 7892
STATE 7682 3735 5836 6495 |
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Table 11: Number of establishments and employments

No. of Employment (%)
Si.no. District establish- March March
ments as on 1993 1994
March '94
1 2 3 4 5
BANGALORE DIVISION
1 {Bangalore 3378 | 320 315
2 |Bangalore (rural)
3 |Chitradurga 855 15 33
4 tKolar 1283 36 3.5
5 |Shimoga 741 34 33
6 |Tumkur 691 30 2.5
BELGAUM DIVISION
7 |Belgaum 1282 60 59
8 |Bijapur 707 34 34
9 iDharwad 1273 82 82
10 [Uttara Kannada 848 32 32
GULBARGA DIVISION
11 |Bellary 674 32 32
12 |Bidar 410 1.5 18
13 |Gulbarga 942 38 38
14 |Raichur 656 37 37
MYSORE DIVISION
15 [Chickmagalur 599 22 22
16 |Dakshina Kannada 1851 67 78
17 |Hassan 692 2.4 24
18 |Kodagu 450 1.4 1.5
19 Mandya 492 23 23
20 [Mysore 1108 73 73
STATE 18274 100.0 100.0
Total employment (1501500) (1530400)

Source: Annual Employment Review - 1993-94




Table 12: Districtwise literacy rates, IMR, life expectancy and Real per capita income

Literacy Life Per capita
SI.No., Districts rates expectancy reai
Males | Females Total IMR at Birth income

1 |Bangalore 77 59 60 86 69 64 51 6472 3925
2 |Beigaum 66 65 38 69 53 00 64 6127 2560
3 |(Bellary 5871 3197 45 57 83 55 83 266
4 Bidar 58 97 30.53 45 11 67 60 27 1626
5 |Bijapur 69.69 40 06 5513 76 G0 64 2030
6 |Chikmagalur 70.56 51.31 6105 67 60 44 2692
7 | Chitradurga 66 88 43 36 55 48 71 5994 2164
8 [Dakshina Kannada 84 40 67 96 75.86 as 68 91 2617
9 [Dharwad 7137 45.20 55 68 71 590 94 1984
10 |Gulbarga 52 08 24 49 38 54 67 59 94 2065
11 |Hassan 68 87 44 .90 56.85 64 6127 2034
12 |Kodagu 75 35 61 22 68 35 54 64.02 3678
13 |Kolar 62 69 3775 50.45 62 61 80 1583
14 |Mandya 5918 3670 48 15 66 60 60 2204
15 |Mysore 56 23 3795 47 32 63 61 44 2399
16 |Raichur 49 53 2215 35 96 73 60 45 1753
17 {Shimoga 7134 51 42 61 53 66 60 60 2644
18 |Tumkur 66 43 41 93 54 48 70 60 .11 1859
19 [Uttara Kannada 76 39 56 77 6673 59 62 .62 2042

! ! | J

IMR - Infant Mortality Rate



Table 13: Human development indices - Alternative A

SL.No. Districts HDI-1 HDI-2 HDI-3 HDi-4 HDI-5 HDI-6
1 |Bangalore 08349 0 8247 0 8330 0 8424 0 8321 0.8404
2 |Belgaum 0 5894 06122 0 5667 0 5927 0.6154 0 5699
3 |Bellary 0.2523 0 2606 0 2430 0.2523 02606 0 2430
4 |Bidar 0 2065 0.2210 0.19086 02139 02284 0.1980
5 |Bijapur 0 4637 0 4979 0.4331 0.3308 0 4250 0 38602
6 [Chikmagalur 06379 086314 06387 06410 06346 06419
7 |Chitradurga 05159 0.5203 0.5060 0 4961 0 5006 0 4863
8 |Dakshina Kannada 09746 09780 09719 0 6746 09780 09719
9 |Dharwad 0.4566 0.4475 04333 0 4368 0 4577 04136
10 [Gulbarga 03232 0.3261 0.3185 03318 0.3347 03271
11 |Hassan 0 4856 0.5077 04853 04989 05110 0 4886
12 |Kodagu 0 8037 07827 08150 0 8079 0 7868 08191
13 [Kolar 0.2670 02729 0.2586 0.2759 0.2818 0 2675
14 [Mandya 0.4760 0 4674 0 4791 0 4822 0.4736 0.4853
15 [Mysore 05415 05116 0 5604 0.5476 05177 0.5665
16 |Raichur 01872 01871 Gc1872 0.1404 0.1403 0 1404
17 |Shimoga 0.6449 06410 0.6425 0 6511 0.6472 0.6487
18 |Tumkur 0.3751 03840 03632 0 3581 03671 0 3462
19 |Uttara Kannada 0.6151 06174 0 6079 06183 0.6216 06122

HDI - Human Development Index




Table 14: Human development indices - Alternative B

Sl.No. Districts HDI-1 HDi-2 HDI-3 HDI-4 +HDI-5 HDi-6
1 Bangalore 0 6635 0 6735 06539 0 6864 0 6564 0 6768
2 |Belgaum 0 4955 0 5198 04776 0 5083 0.5336 0 4914
3 |Bellary 0.2228 0.2334 02148 02249 0 2355 02169
4 iBidar 0 1443 0 1580 0.1325 01596 1742 0.1478
S |Bijapur C 3680 04014 0.3449 03225 0.3558 0.2993
6 |Chikmagalur 05256 05339 05199 6 5379 0.5462 0.5322
7 |Chitradurga 04245 0 4374 04137 04184 04314 0.4076
8 |Dakshina Kannada 07520 0.7745 07404 07763 0.7989 0 7647
9 [Dharwad 0 3553 0 3813 0 3358 0.34593 0.3752 0 3297
10 |Gulbarga 0.2837 02870 02802 0.2993 0.3026 0.2958
11 |Hassan 0.3898 0. 4088 0.3785 G 4037 0 4226 0.3923
12 Kodagu 06416 0 8436 0 6403 0 6808 0 6627 06595
13 |Kolar 01782 0.1897 0 1696 0.1969 02084 01883
14 |Mandya 0 4020 0.4023 0 4008 04168 04172 04158
15 |Mysore 0 4637 0 4488 0 4722 04789 0.4650 0 4884
16 [Raichur 0 1517 01517 01517 01258 01257 01258
17 {Shimoga 0.5299 0 5402 0.56221 0 5448 05551 0.5370
18 Tumkur 0 2854 03010 02737 02818 02974 02700
19 |Uttara Kannada 04687 0 4858 0 4567 0 4855 0 5027 04736

HDI - Human Development Index



Table 15: Ranks of HDi

Alternative - A

SI.No. Districts HDI-1 | HDI-2 | HDI-3 | HDI-4 | HDI-5 | HDI-6
1 |Bangaiore Py 2 2 2 2 2
2 |Belgaum 7 7 7 7 7 7
3 |[Bellary 17 17 17 17 17 17
4 Bidar 18 18 18 18 18 18
5 |Bijapur 12 11 13 13 13 13
6 |Chikmagalur 5 5 5 5 5 5
7 |Chitradurga g 8 g 10 10 10
8 [Dakshina Kannada 1 1 1 1 1 1
9 (Dharwad 13 12 12 12 12 12
10 |Gulbarga 15 15 15 15 15 15
11 [Hassan 10 10 10 9 9 9
12 |Kodagu 3 3 3 3 3 3
13 |Kolar 16 16 16 16 16 18
14 [Mandya 11 13 11 11 11 11
15 [Mysore 8 9 8 8 8 8
16 (Raichur 18 19 19 19 19 19
17 {Shimoga 4 4 4 4 4 4
18 JTumkur 14 14 14 14 14 14
18 |Uttara Kannada 6 6 6 3] 6 5]

Alternative - B

SL.No. Districts HDI-1 | HDI-2 | HDI-3 | HDI-4 | HDI-5 | MDI-6
1 |Bangaiore 2 2 27 2 2 2
2 |Belgaum & 6 6 6 & 6
3 |Bellary
4 |Bidar 19 18 19 18 18 18
5 |Bijapur 12 12 12 13 13 13
6 |Chikmagalur 5 5 5 5 5 5
7 [Chitradurga 9 g 9 9 9 g
8 [Dakshina Kannada 1 1 1 1 1 1
9 (Dharwad 13 13 13 12 12 12
10 |Gulbarga 15 15 14 14 14 14
11 |Hassan 11 10 11 11 10 11
12 |Kodagu 3 3| 3 3 3 3
13 |Kolar 17 17 17 17 17 17
14 |Mandya 10 11 10 10 11 g
15 [Mysore 8 8 7 8 8 7
16 [Raichur 18 19 18 19 19 19
17 |Shimoga 4 4 4 4 4 4
18 [Tumkur 14 14 15 15 15 15
19 |Utltara Kannada 7 7 8 7 7 8

HD! - Human Development Index



Table 16: Normal rainfall in Karnataka in mm

Normal Normal Normal
Sl.No. Districts premonsoon| monsoon |postmonsoo| Annual
(Jan-May) (Jun-Sep) {Oct-Dec)
1 |Bangalore (u) 178 440 249 867
2 |Bangalore () 68 415 234 817
3 Belgaum 109 541 159 808
4 |Bellary 102 388 149 639
5 |Bidar 65 693 80 847
6 |Bijapur 75 366 127 569
7 |Chikmagalur 173 1514 238 1925
8 |{Chitradurga 114 290 176 580
9 |Kodagu 246 2173 300 2718
10 |Dharwad 127 422 169 717
11 (Gulbarga 68 807 102 - 777
12 |Hassan 185 60 242 1031
13 |Kolar 135 387 221 744
14 [Mandya 189 264 246 700
15 [Mysore 226 307 238 771
16 |Uttara Kannada 138 2489 209 2836
17 |Raichur 67 413 119 599
18 |Shimoga 144 1227 198 1569
19 |Dakshina Kannada 230 3448 352 4029

Tumkur
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APPENDIX

Information on carrying capacily for Resources

10

11

13

14

15

Type of Resource Chosen
Water (rain ground, tanks, river
etc}/air/soil/biomass/wind/solar/bioresources/fish/agriculture preducefagricubture

residues/Tafrastructure like roads,

Types of usage of the resource :
Agriculture/domestic/industry/gencral

tiow do we divide the district for the purposes of this study :
based on revenue divisions/watersheds/others (explain)

What is the yearly potential of this resource ?
{(fow do we compute tt?) :

What is the yearly consumption? (Where do we get the data?)

What is the trend of consumption,  trend of regeneration in the past few years according to
your data/perception?

How do we calculate these values (consumptionfregenerationfwastage etc)? What are the
maodcls available?

Based on the above, what is your pcrccpt:on of canymg capacnty for thc resourcc'?

What are tim cfﬂ.cls on tlu, chosul resource duc to popuhuon agnculluml practices,

industrialization Or other activities (like buildings, infrastructure creation)

What are the side cffects of usage of the resource?
(Watcrlogging, Salinity, Pollution, Saitwater ingress, fish deaths ctc)

What are the other resources affccted by the use of this resource
(Use of fertilizer/pesticide affects water supply)

What are the other resources used in conjunction with the chosen resource?
List the studics that are to be done for doing the carrying capacity studies?

Who are the people working/capable of doing pro_]ccts in this area and the studies they
can undertake

List data items, maps required for each study, Source for each data group, requirement of
historial data (intuding time period) 7 In case of data not available, suggest a

methodology for data collection



APPENDIX

Verbal Definitions of Human Carrying Capacity

(in Clronological Order)

source

definition

House and Williams
(1975, pp 54-35)

ot
Taction of “population growin,

. the carrying capaciey theme becomes much more complex when
applied to the evoluion of human activities It seems clear that rather
than defining carrying capacity as a cerwrin fevel of population or some
other point eriterion, it must be defined in terms of a rather compli-
cated function or set of functions, which would include a number of
regional characteristics and economic parameters and would make
explicit the possible trade-otfs that are implicit in the definition. This
requires a representation of the set of social trade-offs between che
citizen's concept of environmental quality and the degree 1o which
that soctety desires or needs to utilize the production and assimilation
capabilities of che natural envirconment In examining the cnitical inter-
relationships between human and cconomic activity, we must be con-

cerned with 2 number of resource lispits and environmencal tactors
1 el 1 i ' '-__xrfref..

socio-economic

o fore

inte ar damne
refated
resource base and environment as an assimilator of waste
[For] a closed system . carrying capacity would be seen as the abilicy
of a system to produce desired outputs (goods and services) from 2
given resource base while, at the same time, maintaining desired qual-
ity levels. For an open system  the definition would further have to
allow for import of both resources and goods and services and the
export ot outpur and residuals [There are| four relationships that
are relevant to the overall measurement of carrying capacity. 1
Resource-production functions: the capacity of avatlable resources to
sustain rates of rosource use in producing the system output. 2
Resource-residuals functions: the capacity of the environmental media
to assimilate wastes and residuals from production and consumption
at acceptable quality levels. 3. Infrastructure-congestion func-
tions: the capacity of infrastructune, the distribugion and dehivery sys-
s o handle the Aow of goods and scrvices and resources 4
Production-socicts) functions: the capacity of both resources and pro-
duction outputs to provide acceprable guality of life levels
Working from these four relationships, then human carrying capac-
ity is defined as the level of human activity that a region can sustain at

(AL T RV AV,

actvity,”

acceptable ‘quality of life” levels
“The high degree of interrelation among resources  eavironmental

Tmedia and desired quantity and gquabty states for human and assocdi-

ated sociorconomic activity underscores the fact chat trade-otfs st
incvitably be made among desired production-consuwmprion Jevels,
resonrce wses, and a (dean healthy md pleasant environment From
this purspective  canrying capacity must be inteepreted as a variable
sochilly determined within ow uderstanding ol cconomic socid,
and environmental values and their relative contribution in main-

aining quality of lite levels




Whattaker and Tik-
ens (1975, pp 314
15)

United Nations
(1980, repringed in
Ghosl 1984, p 74}

Simon and Kzahn

(1984, p 45)

Muscat (1985, p 20)

Kirchner et al
(1985, p 45)

» Thurow (1986,
r 22)

4

Appendices

Both the production by die biospherc and man's effects on i bear o
what ought to be a guiding question for man's policy in OCCllpyin“
and using the world. This question 1s the world s careying c‘PJci(g
for man: the size of the human populition that can be supported Onz
long-term steady-state basis by the werld s resvurces withou detri-
ment to the biosphere or exhaustion of non-renewable resources thag
are reasonably available . Neither for North America nor for the
world can a earrying capacity be defined unless 2 seandard of living
and 2 role of technology are first specified I the role of technology is
large, a time scale for exhausvon of resources may need to be part of
the definition; but this time scale itself is (given the uncertainties of
substitution and feasible use of low-grade rcsources) almost indeter-

minable.”

*The carrying capacity, however, is not given exogenously; it is
determined cndggcnously This implies that development strategics,
encompassing interrelated sets of goals and policy measures, can make
it possible ta have a continuing expansion of carrying capacity "

‘Because of increases in knowledge, the earth's ‘carrying capacity” has
been increasing throughout the decades and centuries and msillennia to
such agrextent that the term carrying capacity’ has by now no uscful
meaning. These trends strongly sugpest 1 progressive improvenient
and enrichment of the earth s natural resource base, and of mankind's

lot on earth 7

“In sum  the closer a low-income agricubtural reglon or country is to
having no trade, only marginal technological improvements available
for adoption, no effective institutional base for spreading such

morovements ac are khown and warrants Lpent for curnlic Ennn
ulaiion] in the face of declining marginal returns to incremental arable
land, and population growth more rapid than productivity growtih,
the closer it is to the simple model of a country approaching its car-
eying capacity ceiling . . [Thhe key is the speed wich which the con-

straints are pushed back 7

The carrying capacity of a particular region is the maxinnin populz-
tion of a given species that can be supported indefinitcly, allowing for
seasonal and random changes without any degradation of the natural
resource base that would diminish this maximum population in the
future. The concept of carrying capacity is familiar to biologists and
wildlife mamigers, who devised it to express the capacity of natural
areas {ecosystems) to support animal life, Wih modifications, it is
also an important measure of the ability of regions to support humark
populations. Carrying capacity is tlicrcforc: an important concept for
the work of development cconomists, planners. and political deciston
makers.” Kirchner et al. pointed out that it is necessary to allow for
seasonal and rundom changes. Fearnside puc this obscrvation to work

i 1986.

If the world's population had the productivity of the Swiss the con-
sumption habits of the Chinese, the cgalicnian instinets of the Swedes
and the social discipline of the Japanese then the planct could support
many times its current population without privation for anyonie On
the other hand, if the world s population had the productivity of
Chad the consumption habits of the Unived States  the inegahitarian
instincts of India and the social discipline of Argentina, then the
planet could not support anywhere near its cunrent munbers
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Gever et al (1986)

Hardin

(1986, p 603)

Fearnside {1986,
P 73}

]
King
{1987, 7)

..[

phy

Thurow s four dimensions are productivity . consumption habits.

cgalitarianisin and social discipline.

{(p 7) Human survival excepein the most primitive socictics, is now
contingent on the ability to obtain energy lor our nonliving support
sysicins. The best way 1o estimate the bounds on what people can and
cannot do—that is, the carrying capacity for humans—is to examine
the amount of encrgy available to buiman populations and the ways in
which chat energy is used ™

(pp 15-16) "The key to reconciling the use of nonrenewable
resources with the concept of carrying capacity lies in the rapid adapt-
ability of hrninans We would say that a poprlation, huimean or othenwise,
is excecding fts carrping capacity if severe havdships and / or population con-
truction become incvitable, . history is full of examples in which
humans adjusted quickly to the absence of a particular resource by
tinding substitutes and averted subsantial hardship

‘In shore, simply because we are using certain resources {aster than
they are veplenished does not necessarity mean that we are exceeding
our carrying capacity and have doomed ourselves 1o a population col-
Lapse. Bur, on the other hand  the longer we use resources unsus-
tainably, the closee we come o the edge of our carrying capacity and
the more difficult it will be to back away from it

“When dealing with human beings there is no unique tigure for car-
rying capacity. So when a pronacalist asserts {Revelle 1974) chat the
world can easily support 40 to 50 billion prople—some ten times the
present population—he need not be contradicted. The saive ques-
' ; i pacity of the earth?’ ¢vok

Is th

N
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assume that mere animal survival is acceprable when the ammal is
flomeo sapriens. We want to know what the environment will carry in
the way of cultural amenities, where the word culure is taken in the
anthropological sense to include all of the ardifaces of human existence:
institutions, buildings, customs, inventions knowledge. Energy con-
sumption is a crude measure ol the involvement of culture. It may not
be the best measure possible, but it will do for a first approach When
dealing with bunun problems, 1 propose diae we abandon the weem
carrying capaeity in favor of adtural carrying capadity or, more brietly
enbtural capacity  As defined, the cubtoral capacity of a territory will
always be less than its carrying capacity {in the stimple animal sense)
Cultural capacity is inversely related to the (material) quality of life
presumed  Arguments about the proper cultural capacity revelve
around our expectations for the quality of life. Given fixed resources
and well-defined values cultural capacity, like its parent carrying
capacity i a conservative concepe

"The basic definition of sustainable carrying capacity . is: the maxi-
mwon nunsher of persons that can be supporied in perpetnity on an area with
a groen whmalogy and set of consumptive habirs withont cansing enviran-

mental degradation

In s simplest forne. carrying capacity can be expressed as the size of
population which may be sustained by a given territory at a given
physical standard of living The concept is of course. an extension
of the biological detmition, but when applivd to human societies it
becomes infinitely mose complex infinitely more subtle. Not only do
culeural ccononiic and politaal factors come o pliy: human socic-
tics have the possibility of expanding theie cawrrying capacity through

withog o



World Commission
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Development (1987,
p 8

Srinivasan | ee et

al (1988 p 13)

Demeny (1988 pp
215-16)

Gilbere and Braac
(1291 pp 3-4)

Davis, in Davis and
Berustam {1991 pp
7-8)

Hillel (1991 pp
191-93)
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the deliberate selection and pursuaic of development uptions w hj h
Mow for the enhanccment and sustamible wse of physical rcsuurcccs
while ensuding that cconomic growth is not surpassed by population
growth and the material demands ol individoads, [ is nes of course
a matter of physicil sesowmces alone, for Llcxululuncm potential i;
determined also by a hose of other factars: teehnology, cducation
agricultural management and Iad tenure systems, trading Opportuni:
tics with the outside world legal and incentive systems or political

will ”

Flumanity has the abiliy to make development sustainable—q
ensure that it meets the needs of the present withour compromising
the ability of future generations to meer their own needs The concept
of sustainable development does imply limits—nor absolute limirs byt
limitations imposed by the present state of techunology and social orga-
nization on environmental resources and by the ability of the bio-
sphere to absorb l!_n_- effects of human activities But tcchnoldgy and
social organization can be both u_::m:agui uid improved to make w ay
for a new cra of economic growth The Commission believes that

widespread poverty is no longer inevitable

the concept of population-carrying Gpacity: the maximum pop-
ulation that can be sustained indefinitely tnto the future -

As applicd to human populations the concept of carrying capacity
is obviously a slippery one Man is a toolmaking animal capable of
squeezing ol of his environment more than undisturbed naoure

would provide for his nceds. in contrast o the case of animal

PR e RS T e
Lavons can expand relatively rapidly  On the other hand . for
humans a physical definition of needs may be irrelevane Human

needs and aspirations are culweally determined

Human carrying capacity may be defined {Unesco and FAQ, 1985)
as the number of people sharing 2 given area or territory who can
for the foresceable fuwere, sustin the existing standard of living
{through the utilisation of] energy land water, skifl and organisa-
von' Quantification of carrving capacity in general is difficule; the
given environment is not a constant. Quantification of human car-
rying capacity 1s even more difficelt because of the interplay beétween
econuvmic and social facwors in the human environment and the subjec-

tive clememts within standard of living

Obviously if a country has certain advantages in nonfood trade 1t
can use these o buy food A policy of self-sufficicney in food makes
no sense for any country that has access to international trade
The Earth is becoming one large erading system; and so the carrying
capacity’ must refer not just to what food could be raised within
nadonal borders but to the ol of whar could be pained in all
ways

tn short. the notion is false that each region has a carrying capacity
that can be calculated and used in making projections and formulatng

pohicies. This idea s more applicable to cattle grazing v a pasturc than

10 human beings

in internadional development agenciesf a] term much bandied
about is a region’s carrying capacity lois a rather nebuolous term,
mtended to characterize the amount of biological matier an ccosys-

- ‘““.‘HVI."‘:’}" S
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Biegman (1992,
p 9

Myers (1992,
pr 18-19)

Mecrdows et al
(!992, P 261)

B U
Tl svicuE e ana A othe

an agro-ccosystem—can yicld fur consumpiion by

temn—or rather
1Itis a

animals or humans without Leing degraded More simply put.
measure of how many people and / or aniimals an area can SUPPOrt on
a sustained basis Obviously | (he productive yicld obtaimable fromy an
area—and henece the number of peaple deriving dheir livelihood from
it. at whatever standard of Iit'cmdc:pcnds on how the area is l)cing
used; it is a tunction of technology
The more intensive forms of ueilization also involve inputs of capita
energy  and materialy, such as fertilizers and pusticides, that come
from outside the region itself bur enhance its productivity [t is there-
tore highly doubtful thac any given region can be assigned an intrinsic
and objectively quantifiable property called carrying capaciey *

the carrying capacity of a region depends on how it is managed,
and all that can be said in a given situation is that the particular region

ll-managed or over-exploited under the present mode of

i3 ¢ither we
tlization of the region’s

atlization which may or may not aflow re

sustainable porennat

alking about human communities and not animal
populations there are no direct, clearcue links to be drawn between
population and entitogment Human culture mediaces between oan
and the enviromment. Man s continnally recreating his natural envi-

roument. making the problem all the more complex The phrase the
been borrowed from the

een human communities

Because we re o

carrying capacity of the environment has
ceologists to describe the rchinonship betw
atural environment, bur the analogy is lunited I we wish
dy environmental problems at
ial . rradiric

B e T

and their n
to use this concept to identify and reme
{the] local fevel, the Jacal techuology, s

A aeh -

2anizati

to be mapped our
Carrying capacity can be defined as the number of people thae the
plainet i suppore without irreversibly reducing s capacity to sup-
While this is a global-level definidon it

port people in the future’
as

at fthe] nadonal level too albeir with ntany qualifications

applies
mvestment . cte. i face

concerns international relationships of erade
it ts 2 highly complex affair, reflecting food and energy supplics. eco-
system seevices human capital people s lifestyles  cultural con-
steannts, social institations, political structures, and above all public
policies among many other faccors all of which interact with cach
other Patticularly impostanczre two points: that carrying capacity is
ubthuratedy dewerminad by the component tlag yields the lowese ¢ae-
rying capicity {Mywrs here assumes Licbig's faw of the mintimum};
and that buian communities muse kearn 1o live off the interest of

tnvironmental resources rather ihan otf their principf )’

Ihe carrying capacity is the size of population that can be sustrined
profcarrying capacity was

by the emvironment tmdefinitely T he conce
systems,

originally defined for relatively simple population / resource
attle or sheep that could be maintained on 3

such as the number of ¢
an

dutined picce of grazing land without degrading the 1ind For hum

populztons the tenn carrying capacicy’ is much nrore complex

becawse of the many kinds of resources people take from the cnviron-
ment the inany kinds of wastes they retuen and the great variability
b teehnology . institutions  and bfestyles  Carrying capacity is a
Js mamic concepr A curying capatity i not constang at is always
xtenmal chianges and with the pros-

chmging with wetha and other ¢
(How are the first and last

sure exerted by the species being carried

: VR e Wi e



Appendices

Gever et al (1985)

Haredin
(1986, p 603)

Fcarn;icic {1986,
P 73)

W

£,
[y

“987-1“ 7)

tion

Thurow s four dimensions are productivity  consumption habits.
egalitarinisin and social discipline
{p 7) Human survival except in the mose primitive societics, is now
contigent on the atulity to obuain encrpy for our nonliving support
systems The best way o estimate the bounds on what people can and
cannot do—that is. the carrying capacity for humans—is ro examine
the amount of energy available to huinan populations and the ways i
which chat cnergy is used ™
(pp 15-16) The key to reconciling the use of nonrenewable
resources wich the concept of carrying capacity lics in the rapid adapt-
abitity of humans We would say thata pepulation, fsan or othernise,
13 exceeding {5 carrying capaceity if sever hardships and / or popudation con-
traction beeonwse incvitable, history is full of examples in which
hawmans adjusted quickly o the absence of a particular resource by
tinding substitutes and averted substantial hardship

la short. simply because we are using certain resources faster than
they are replenished does not necessarily mean that we are exceeding
vur carrying capacity and have doomed ourselves to 3 population col-
hpse But, on the other hand, the longer we use resources unsus-
tainably. the closer wecome o the edge of our carrying capacity and
the mure ditficolt ic will be w back 2way trom it 7

When dealing with himan beings there is no urtique tigure for car-
rying capacity. So when a pronatalist asserts {Revelle 1974) that the
workd can casily support 40 o 50 billion people—some ten tmes cthe
present populrton—he need not be contradicted The naive ques-
What is the human carr sins ca:t_)qgjl_.y..___ rarth2 sunboe
repry tiat 15 of no human use, No sthoughtful person is willing to
assume that mere animal survival is acceprable when the :nimal is
flomo sapiens. We wane to know what the ensironment will carry in
the way of cultural amenities. where the word culture is taken in the
anthropological sense to include all of the artifacts of hurnan existence:
institutions, buildings. customs. inventions knowledge Energy con-
sumiption is a crude measure of the involvement of culture It may not
be the best measure possible but ic will do for 2 first approach When
dealing with human problems, | propost that we abandon the term
wnrytng capacity in favor of adtural carrying capaary or more briefly
adtural wpaaty  As defined, the cultural capacity of a rerritory will
abways be less than its carrying eapacity (in the stmple animal sense)
Cultural capacity is inversely refated to the (materizl) quality of fife
presumed  Arguments about the proper cultural capacity revolve
around our expectations for the quality of fife Given fixed resources
and well-defined values, cultural capacity  like #ts parent carrying

capacity s a conservative coticept

“The basic definition of sustainable carrying capacity 150 the puxi-

tent mamber of persons that can be supportad 1n perpomity on an area Wit
a gren technofogy aud ser of consumptive habits w ithont causing enteiron-

montal degradution

In its simplese form carcying capacity can be expressed as the size of
population which may be sustiined by 1 given territory at a given
plysical stndard ol living  The concept is. uf course . an extension
of 1he biological detimition. but when applicd to human socicties, it
becomes milnitely more complex infinitely more subte. Mot only do
culeurad ccanomic mnd polttia] Brtos come isto phy: haman sodie-
ties have the possibility of expanding their ¢ rwrying capacity through



Miller (1992, . 81)

Carrying Capacuy
Netwark Foens (urin-
ur 1992, p 1)

Daily and Elirlich
(1992)

Appondiecs

sentences of this duhinidion 1o be reconaled: the size of population
that ¢ be sustatned tnelefinitely 7 versus CA carrying capacity s

not constant; it is always changing ?}

Carrying capacity refurs 1o the number of individuals who can be
supported in 2 given land area over the Tong rernm withour degrading
the  physical, ccological, culturat and  social  environment
Although the advene of technology permits humans to exceed natural
carrying capacity Himits in some respects, the ulimate size of any
human population is siill constrained by amounts of arable land  pota-
ble water. and other resources The unique limitng factor of encrgy
is also on any modern society’s list of required assets

Human carrying capacity is not determined exclusively by land,
energy and water constraints e Garrett Hardin of the University of
Cablifornia Santa Barbara was the first to use the termn ‘culaeal car-
tying aipacity’ o oxplain the role that homan choice phiys in
determining optimum population The more clean air fresh water
wilderness solitude and biodiversity that humans deem necessary the
more population will need to be reduced

Increased lovels of material consumprion ultimatcly reduce the car-
rying capacity of any ceosystem Individual freedom deteriorates as
human numbers merease  and social problems become more
meraceable
"Carrying capacity refurs to the number of individoals wheo can be
supported without degrading the physical, ccological, cultural and
soctal environment 1 e without reducing the ability of the environ-
ment to sustain the desired quality of Bife over the long term )’

{pp 762-63) 'For human beings the matter |of carrying capacity] is
complicated by two factors: substaneial individual differences in types
and quantities of resources consumed and rapid culeural (including
wechnological) evolution of the types and quantitics of resources sup-
plying cach unit of consumpdon Thus carrying capacity varies
markedly with culrare and kevel of cconomie development

" We therefore distinguish between biophysical carrying capacity the
maximat popuhition size that could be sustained biophysicaly under
given technological capabilitics, and social carrying capacities, the
maxima that could be sustained under various social systems (and.
especially the assocdiawed patrerns of resource consumption) At any
fevel of tecddmological devddopment social carrying capacities are nee-
essarily less than biophysical carrying capacity because the Later
nrphies a human factory-farm lifvstyle that would be not only untver-
sally undesirable but also unattainable because of inefficiencies inher-
ent i social reseurce distribution systems freferenee omitted ] Huoman
ingenuity has enabled dramaric increases i both biophysical and social
carrying capacitics for J1 sapiens, and poteneial cxists for furdher
increases ‘
{p 769) . . central determinanes of social carrying capacity lie in-
the domain of interactions among resources. amaong sociopolitical and:
cconomic factors and between biophysical and sacial constraints
However the complexity of these inteeactions makes it unlikely that
they will be sufficiently well evaluated i the next scveral decades o
altow firm calculations of any carrying capacity. From a policy pur-
spective the current great uncertainty in future social carrying capac-
ity is irrelovant because the human population s likely o roemain

above that carrying capacity Toe decades at least




Appondices

King (1993, p 23)

Heilig (1991, p 255)

Posicl (1994
pp J-+4)

. .
Ao theesre M

Lhe carrying aprity of an ceosystein is the maximum number of a

given species that it can support indefinitely withos
mental degradation In the case of buman populations. 2 rmportant
qualifications have o be added: with a given technology and ‘con-
sumption patteens A popalation can however. exceed the carrying
capacity of its ecosysten temporacily. but as it does so it consumes its
ceosystem’s biological resource base so that the carrying cipacicy of
the ccosystem falls cven as che population it supports rises Since this
amnot go on for ever, there comes 2 time when the ecosystem col-
lapses so that people either die or niigrate. The point ac which they
do this is their Malthusian ceiling . but they usually stare migrating

well before they reach it

It causing environ-

the carrying capacity of the carth is not 2 natural constane—it is a
dynamic equilibrinm essentially deterenined by humran action
Cartying capacity is the lairgest numiber of Ny given species that 3
habitat can suppart indefinitely. | The earth’s capacity (o support
ranost basic food requircments

humans is determined not Just by ou
1of a whole range of resources

but also by our levels of consmnptior
by the amount of waste we generate, by the technologies we choose
for our varied sctivitics and by our success at mobilizing to deal with
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