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Cities should be able to manage 
themselves and be self-sustaining, 
with a single energy input. 
This article presents the idea of 
natural cities. 

All living organisms maintain a 
steady state refl ected in their
  internal equilibrium – tempera-

ture, pressure, trace elements, blood 
plasma – this is known as homeostasis. A 
small departure from normal temperature 
and we are sick. Scaling up, the earth also 
maintains such a steady state by keeping 
its atmosphere’s profi le constant and so 
also the salt content of the sea water. 
This is an organising principle in nature.

Cities fall at an intermediate scale be-
tween living organisms (like us) and the 
planet. So the question arises, can we 
have self-organising, steady state cities? 
Cities should be able to manage them-
selves and be self-sustaining, with a 
 single energy input – like food for us and 
the sun for the earth. So was born the 
idea of natural cities.

Invasive Cities

Urbanisation is the order of the day. 
Though, there are economies of scale 
and scope that drive urbanisation, the 
diseconomies seem more apparent in 
the megacities of the developing world. 
While the developed world has stable 
cities, landscapes and populations, in 
the developing world these are anything 
but well balanced. Shanghai, Delhi, Sao 
Paolo are growing bigger, bigger and 
may eventually bust. We are getting 
 infra-cities with ultra structure. Big cities 
are conspicuous consumers – it takes 
three times more resources to service a 
megacity resident than a small-town 
resident with the same standards. 

Take the example of a 20 million-city 
like Delhi. Delhi has a very large and 
 expanding water footprint (Soni 2003; 
Khosla and Soni 2012); it takes water 
from 300 km away – the Tehri dam – by 
destroying river catchments in the 
mountains and building dams on them. 
Not only do commuting distances infl ate 
in a big city, but so do traffi c jams, and 
consequently travel time. Particularly, 

in developing countries, big cities have 
enormous medical problems due to air 
pollution, dust and stress, and therefore 
need huge medical infrastructure. They 
also need inordinate transport infra-
structure. They need huge storage places 
for supplies and they generate huge 
sewage. They also have slum popula-
tions (50%) that make life in tolerable 
for half of the population. In future, 
we therefore, need to build self-sustain-
ing natural cities which are  minimally 
invasive. 

Water – The Physical Imperative

In India, most cities have acute water 
problems. Groundwater is almost ex-
hausted – in Delhi, Gurgaon and Banga-
lore groundwater levels are down by 10-
20 metres from overuse (Soni 2012). And 
all rivers running through or near cities 
are so polluted and overdrawn that they 
run with sewage most of the year, except 
in the monsoon. This is entirely differ-
ent from the United States, Europe and 
South America, where there is plenty 
of water. 

The physical imperative in India is 
water. In north-west India the inhabited 
and cultivated areas have lost 25 m in 
groundwater level. Where do we fi nd 
water, when groundwater has run out or 
is woefully inadequate? Perhaps in rivers 
– but rivers are almost dry nine months 
a year as all their fl ow is canalled or can-
nibalised out to agriculture – for exam-
ple, the river Yamuna.

The only place where we can fi nd the 
water is in a new source – the river fl ood-
plain. For example, the Yamuna fl ood-
plains, crafted by evolution from millions 
of years of fl ooding each year, have de-
posited sand aquifers which are at least 
three km wide on each side and 40-100 
m deep and run along the river for hun-
dreds of kilometres. Hydrology informs 
us that up to 40% of their volume is water 
(Soni et al 2009).

The amount of water that can be 
drawn is about 12% of the total volume 
of the aquifer – the specifi c yield (ibid). 
This amounts to over 20 million cubic 
metres for 1 km length of river course. To 
service one million people consuming 
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200 litres a day would then need only a 
5-km length of river fl oodplain. This does 
not look too bad compared to 730 sq km 
of land needed for the same purpose if 
our water source was groundwater. But, 
can we really pull out so much water 
without exhausting the fl oodplains?

The fl oodplain is an extensive aquifer 
that runs the whole length of the river – 
even over thousands of kilometres. If we 
take out the water locally for the city the 
rest of the fl oodplains will recharge it by 
gravity. Experiments on local withdrawal 
of water show that if there was no re-
charge, groundwater levels would have 
diminished by 12 m, whereas, in the 
fl oodplains they diminish by only 2m 
(Soni 2013). This means that for a fl ood-
plain, an area fi ve times the local area 
where the water is being pulled out is 
 recharging it. 

The question is if we pull out all this 
water from the fl oodplains, how will we 
recharge the water in them? During the 
monsoon the rains and the swollen river 
can bring up the water  levels each year. 
But, this looks too good. We need some 
caution here. 

There are ecological limits on how 
much water we can pull out. Studies 
show that monsoon and rain can re-
charge only a limited amount of water. 
Natural recharge permits a sustainable 
water withdrawal of only about 2% of 
the total volume of the aquifer – 3 mil-
lion cubic metres for every kilometre of 
fl oodplain. This is six times less than the 
specifi c yield of 12% above. This sets a 
safe and sustainable limit to water with-
drawal from the fl oodplains.

Here, what is special is that we have 
natural storage with no evaporation loss 
and natural recharge. This is a non-inva-
sive, perennial solution that “preserves 
and uses” this prodigious resource (Soni 
et al 2009; Soni 2013). Compare this to 
the devastating ecological damage from 
a dam. Cities can be located by a river 
and the fl oodplain will locally water 
them. This is the geological imperative, 
the starting point for settling or creating 
a city in a water-scarce world. 

With a great urbanisation breathing 
down in the developing world it is pre-
dicted that cities will be mushrooming. 
How will we handle this? The river 

fl oodplains are still intact and possibly 
the only new source of water on the hori-
zon. We have found that a new urban 
 civilisation of a million people can be 
watered by about 30-35 km of river 
course. This is a novel solution for city 
water – it is non-invasive and perennial 
(ibid). This may be the way to go. 

Architecture

One way to plan a self-sustaining water 
supply for a one million people city is to 
set the city along a river length of 15 km, 
leaving a 3-km wide free and natural 
fl oodplain on either side of the river. 
Further, we must keep habitation out of 
the river fl oodplain for 10 km upstream 
and downstream from the city. For ex-
ample, we can set the city in a 15 km by 
15 km square chessboard pattern by the 
fl oodplain, with the white squares as the 
built areas and the green squares as the 
green areas. A typical square can have 
dimensions, 1.5 km × 1.5 km. 

The design of the natural city inte-
grates farming into its urban fabric. 
Green areas are not just parklands; they 
can be made useful to grow vegetables 
and fodder for milch cattle. In addition 
to the cultivation of fruit and vegetables 
within the urban limits of the city, there 
is a provision for the cultivation of ade-
quate fodder on the outskirts of the city, 
which is irrigated with the recycled 
waste water from housing and light in-
dustry that gets treated and cleaned up 
to secondary levels. 

Let us do a little arithmetic using ac-
ceptable norms for residential areas. 
Residential plots amount to about half of 
the total residential area – the rest 
 accommodates roads and other public 
facilities. Thus for each 1,000 sq m, we 
can plot a 500 sq m for a residence with 
three fl oors that can accommodate three 
families of fi ve members each. The total 
residential area required to accommo-
date one million people is then about 
70 sq km; add another 30 sq km for com-
mercial and institutional area giving a 
total of 100 sq km of inhabited area. 

The amount of dedicated fodder area 
needed to support 5-10 cows is about one 
hectare, which can give about 50-100 
 litres of milk a day.1 Assuming that we 
need half a litre of milk per person, per 

day, our requirement for the one million 
city is about 100 sq km for fodder. These 
fi gures are indeed very approximate as 
the yields are variable depending on the 
breed of cow and type of pasture. The 
above numbers are a ballpark fi gure.

Similarly, in north-west India we have 
data on green vegetable production 
(Chaudhury and Gaur 2009) which 
 averages to a production of 12-16 tonnes 
per hectare. Assuming that each person 
consumes 0.5 (0.33) kilo of veggies a day 
we again fi nd that we need 110 (73) sq km 
of vegetable area to service the whole city.

Doing a bit of arithmetic we fi nd the 
total area required for self-suffi ciency in 
water, vegetables, milk and homes is 
about 300 sq km. Of this, vegetables can 
be grown organically on the fl oodplain 
to protect the water source. If we take a 
length of 15 km along the river and a 3 km 
broad fl oodplain, we have an extra 45 sq 
km of organic vegetable area on the 
fl oodplain. This cuts the in-city veggie 
area to 60 sq km. Similarly, we can 
 reserve a 4 km wide stretch along the 
river which runs 15 km along the trans-
verse breadth of the city, at the down-
stream end, for sewage water recycling 
plants. We can use this 60 sq km for cow 
pasture; this cuts the required in-city 
fodder area to 40 sq km.

We conclude that a chessboard city 
planned on a 15 km by 15 km grid along 
the fl oodplain, with 45 sq km of fl ood-
plain and 60 sq km of sewage water re-
cycling pasture land will have enough 
area for residences and business, and 
self-suffi ciency in milk and vegetables 
and a balance 30 sq km for parks.

Landscape

We can run a few canals from the river to 
landscape the city and give it a natural wa-
ter landscape. The canals will run through 
the city and return to the river. Some of 
the canals will route recycled  water 
through the green areas and irrigate 
them. But we must keep the fl oodplain 
 inviolate as it is the drinking water source.

Sewage

The city waste water supply, after evapo-
ration losses, will convert to approxi-
mately 70 million cubic metre (mcm) of 
sewage. This will go through water 



INSIGHT

MAY 10, 2014 vol xlIX no 19 EPW  Economic & Political Weekly38

treatment plants located at the down-
stream end of the city that will fi lter, 
aerate and process the sewage water to 
reasonable secondary recycling purity. 
As is custom, the organic waste gath-
ered from the sewage will also produce 
methane biogas and compost from the 
dried sludge. 

About 30 cm of water is needed for 
vegetable cultivation and let us assume 
the same amount for fodder cultivation. 
About 20% of this goes back to soil as 
 return fl ow and at 8 cm of rain recharge, 
this brings down the balance amount 
that is needed to about 16 cm.

Thus, for 100 sq km of fodder area we 
need 16 mcm of recycled sewage water. 
For the 100 sq km of vegetable area the 
division is as follows: the water for the 
45 sq km on the fl oodplains can be 
sourced from the fl oodplain itself. The 
rest, 55 sq km of city agriculture, needs 
10 mcm of water which can be sourced 
from the recycled water. 

Assuming that another 10 mcm can be 
used for sundries, like park land, public 
toilets, fi re hydrants, etc, we are left 
with about 30 mcm of recycled water for 
discharge downstream into the river. 
This will undergo natural purifi cation in 
the river fl ow.

As the vegetable areas and parks will 
be distributed across the city, the recy-
cled water will have to be pumped up-
stream to service them. City design 
could, therefore, incorporate a number 
of artifi cial water channels running 
through the city, which would both add 
to its beauty and provide recycled water 
to the green areas of the city. 

Lower Ambient Temperatures

The design features alternating squares 
in a chessboard format of urban city 
block squares and green agricultural 
squares. Laid out in permutations like 
the black and white squares of a chess-
board, each square module measures 
one and a half kilometre square. 

Green Convection: By having four adja-
cent green squares surrounding a built 
square makes a very effi cient tempera-
ture reduction model. In the climax 
sum  mer at 450C, the green squares  convert 
all absorbed heat via photo synthesis 

to biomass and have higher humidity 
through trans-evaporation, whereas the 
built square heats up and the consequent 
low pressure sucks in the cooler air from 
the greens, causing a 2-30C drop in ambi-
ent temperature.

Blue Convection: The same logic ap-
plies to cool airfl ow from the river, 
which has a much more steady tempera-
ture than the land. The cool humid air 
will travel along roads that are trans-
verse to the river, causing a drop in am-
bient temperature. These features are 
very effective horizontal ventilators. In 
addition, the proximity to the riverbed 
will ensure ample breeze circulation.

Lower In-house Temperature

There is a complex network of design 
features in the city for energy conserva-
tion. From the individual family house 
to the large buildings that contain public 
institutions, energy will be conserved by 
the use of building materials with insu-
lation, power generation through solar 
heating devices and solar cells, without 
the use of batteries and refl ective roofs.

Wall Insulation: The simple technique 
of using hollow walls with an air gap 
will bring in-house temperatures down 
approximately 2-30C.

Roof Insulation: The same kind of hol-
low insulation, fi lled with non-fl ammable 
material, on the roof can bring a sub-
stantial drop in in-house temperature.

Roof Refl ector: Refl ecting paint on the 
roof can provide an albedo effect that re-
fl ects back 75% of radiation falling on it, 
instead of absorbing a large fraction of it. 
This cuts down both in-house tempera-
ture (by 2-30C) and ambient temperature.

Subterranean Cooling Pipes: Another 
interesting temperature control mecha-
nism is to utilise the approximately 10-
150C advantageous differential in tem-
perature and soil temperature 5 m below 
ground, which holds steady at around 
270C, both at peak summer and winter 
by installing a water circulation system 
with piping. This can bring down the 
in-house  temperature by approximately 

30C. The system can be run on a roof 
 solar panel system. This has an engi-
neering cost and so may not be afforda-
ble by all.

Solar Heating: Finally, we can install a 
solar heating system on the roof for hot 
water to cut down energy consumption.

Thus, ambient temperatures can be 
down by 3-40C and in-house tempera-
ture can be reduced by 7-100C seriously 
cutting down on air-conditioning, which 
also reduces ambient temperature. All 
these systems can cut down energy bills 
by half. Assuming a per capita middle 
class consumption of 200 kWh per 
month this will cut down power con-
sumption by 1,200 kWh/year per capita 
amounting to Rs 6,000/year.

Transport

Typical transport cost in a big city for a 
middle class person can be rather high, 
approximately Rs 15,000 per year, esti-
mated at the prevailing daily bus or met-
ro cost of Rs 50 for a to and fro journey. 
In Delhi the travel distance is an average 
of 15 km from the centre of the city to the 
periphery, whereas the time of transit is 
one hour. In our city, the centre periph-
ery distance is at most half of that and it 
will take at most 20 minutes to drive or 
bicycle across. Time and distance of 
commuting are cut to less than half and 
so is the transport cost.

If we use a purely electric public trans-
port system of trams in the city we cut 
down both the diesel cost and the pollu-
tion cost. The electric power can be di-
verted from the saving in domestic pow-
er consumption. Besides, we can provide 
unbroken bicycle connectivity through-
out the city by routes that run diagonally 
along green, shaded squares and avoid 
built-up areas with ease. In a chessboard 
we would call these “Bishop runs”. Of 
course, such cities will need a good and 
fast rail connectivity to major centres 
and each other.

Health and Pollution

In Delhi the distance travelled per capita 
is at least two times that in the one mil-
lion natural cities. Besides, the area per 
million inhabitants in Delhi is three 
times less. Pollution load per person is, 
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therefore, one-sixth in the natural city 
when compared to Delhi. This by itself 
equates to a health index that is over six 
times better.

Import

However, there are some energy and 
food factors which will be external in-
puts. These include all cereals, pulses 
and energy or power. Some of the ener-
gy can be sourced from renewals like 
solar roofs connected to the grid, wind 
and biogas generated from the sewage.

Employment

Such a city bears comparison with a city 
like Chandigarh which is clean, success-
ful and popular. Given the addition of 
50% green areas into the city, the intro-
duction of agriculture and the ease of 
bicycle use, the mix of jobs and social 
groups is likely to be more diverse than 
in a conventional city. It would include 
agriculturalists, milkmen, food-processors, 
gardeners and ecological entrepreneurs 

giving more scope for innovation in 
 conventionally rural activities and pur-
suits. It will bring in climate, water and 
landscape related talents to work on this 
new template. One can also expect re-
newable technology to enter in an active 
and developmental way and with it 
some light industry. The built-up areas 
of the city will be designed to minimise 
travel: housing for all those expected to 
work in the green areas can be provided 
on the built areas surrounding them. 
These cities can well become renais-
sance cities for sustainable living.

Builders and Buyers

Let us estimate the selling price for a typi-
cal 1,500 sq ft apartment in the natural 
city. The upper end agricultural country 
land sells at about Rs 20 lakh per acre. 
Under the new Land Acquisition and 
 Rehabilitation Act, the compensation has 
been pegged at four times this value 
which works out to Rs 80 lakh per acre. 
Thus, for each 1,000 sq m we can plot a 

500 sq m for a residence with three fl oors, 
which can accommodate three families 
of fi ve members each. This amounts to 
Rs 20 lakh for a 1,000 sq m space, on which 
three apartments of 1,500 sq ft each can 
be built, making a land share of Rs 6.6 
lakh for each apartment. The construc-
tion cost, at Rs 1,500 per sq ft, amounts to 
Rs 22.5 lakh. This gives a total cost of 
about Rs 29 lakh. Adding a 30% profi t 
for the builder (based on the experience 
of a typical builder in Delhi), and we 
get Rs 38 lakh as the market price for a 
1,500 sq ft apartment. 

According to the accompanying table , 
for such a fi ve-member family apart-
ment, the expected rental is about Rs 1.2 
lakh per year which amounts to 3.2% on 
investment – this is much more reason-
able than in Delhi, where it does not ex-
ceed 2%, as land price is so infl ated. 
There is, of course, a much larger annual 
appreciation in apartment value. Thus, 
this project becomes eminently viable 
for both the builder and buyer.

Table: Economic Index and Sustainability Index for Natural City Compared to Megacity
Name Economic   → Conventional City Natural City Sustainability → Conventional City Natural City
 Index (Delhi or > 10 mi)  1 million Index (Delhi)  1 million
  Cost Cost   Sustainability Sustainability
     Index Index           

Water@ Recycling/tanker supply Rs 7,300/person/year Minimal –  0% -10% 100%
200 litres/day/person @ market cost  local source
 Rs 100/kilolitre   

Vegetables @ Rs 40/kilo Consumption Rs 7,300/person/year Rs 3,600/person/year  0%-10% 100%

 ½ kg/person/day  Cuts transport and storage 

Milk @ Rs40/kilo Consumption Rs 7,200/person/year Rs 3,600/person/year

 ½ litre/person/day  Cuts transport and storage  0%- 10% 100%

Sewage waste Cost of land, pipes,   Rs 7,200/person/year Rs 3,600/person/year  20% 100%

 treatment plants (Cost of land high) (reuse)  

Rice, wheat  @ Rs 30/kg and  Consumption Rs 14,000/person/year Rs 10,000/person/year  0% Import 0% Import
Pulses @ Rs 70/kg cereal ½ kg/person/day  Transport, storage
 Dals 1/3 kg/person/day  cost less  

Power @ Rs 5/unit (KWH) Consumption Rs 12,000/person/year Rs 6,000/person/year (Fraction of Delhi’s 0% 50%
 200 kwh/person/month  Reduced by ambient temp  per capita con-
   change and house design sumption) x100% 

Transport  Rs 15,000/person/year Rs 7,000/person/year  0% 50%
  Rs 50/person/day Cut by distance and time 
   saving, and bicycling  

Health and Medical Pollution-related asthma, Rs 10,000/  Rs 2,000/person/year  0% 75%
Pollution Based Health Index blood pressure, diabetes, person/year
 nerves in mega cities Medical insurance

 Pollution load 100 16   

Total Economic → Rs 85,000/person/year Rs 35,000/person/year Sustainability → 4% 73%
 Index Taken as 100% 40% Index
    Take the 8 heads 
    and divide by 8 

Housing Market Rent Rs 8,000/person/month Rs 2,000/person/month

  Rs 1 lakh a year Rs 24,000 a year  

Total (with rent)  Economic → Rs 1,85,000/person/year Rs 59,000/person/year
 Index Taken as 100% 31% 

It is interesting to note that the escalation of property prices (and rents) in megacities seems to dominate over inflation in all other costs, due to rising demand. Just the rental per person 
in Delhi, which applies to about 50% of the population, means a revenue of $20 billion  (10 million people x Rs 1 lakh ) a year.  The rental value is just 2% of the property value. You can then 
work out what high-end real estate developers make every year. No wonder there is a glut of real estate billionaires in India.
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Social Benefi t-Cost Considerations
In evaluating any proposal such as the 
present one there are two elements: 

(a) The Economic Cost and Benefi ts 
that Directly Affect People Involved: 
In the present instance it includes the 
cost of the water, energy, transport and 
food that they consume and any change 
(increase or decrease) in the amount of 
each item needed in a natural city, com-
pared to the old city. Thus there are 
clear reductions in cost of water and 
transport and a reduction in the amount 
of energy and transport needed in a 
“natural city” compared to a convention-
al one. The cost of food items also falls, 
conditional on zoning of areas for agri-
culture (vegetables, fodder) and strict 
enforcement.2

(b) The Social Costs and Benefi ts Are 
of Two Types:3 (1) Provision of public 
goods and services that benefi t all resi-
dents but whose costs have to be recov-
ered through municipal levies, such as 
sewage treatment and recycling of water.  
(2) Externalities such as pollution and 
ecological damage, which affect people 
indirectly and often at a later date. This 
includes the pollution arising from use 
of energy (in transport and cooling) and 
its production (coal burning) and the 
ecological damage from storing, extract-
ing and transporting water (dams, ca-
nals, non-renewable aquifers). It also in-
cludes the costs of displacement and 
disruption imposed directly on people at 
the site of large projects such as dams.

The table captures in an illustrative 
way the private costs and benefi ts in an 
economic index and the in-city social costs 
and benefi ts in a sustainability  index.

Invisible Benefi ts

Long-term or irreversible eco damage 
from megacities, which is likely to really 
cost, has not been factored in – for ex-
ample, from dams like Tehri, Bhakra, 
Beas, which supply lean season water to 
Delhi and those that are being envisioned, 
like Renuka. Add canals that bring long 
distance water to megacities, which result 
in seepage and waterlogging en route. 
Often this water can wash down local 
salinity into the ground water, as has 

happened in canals leading from the 
Chenab River to Lahore in  Pakistan. Be-
sides, such non-local long distance water 
transfer results in a loss of forest cover, 
silting and obstruction of rivers and a 
consequent loss of fertile  agricultural land.

Optimal Size

The city template above is a typical one. 
Of course, it is possible to tweak the 
numbers in terms of population. The 
trend shows that both sustainability and 
cost will escalate beyond a certain popu-
lation. Here, we have a clear idea of car-
rying capacity based on water that will 
not allow us to exceed about 2-3 million, 
depending on rainfall. However, along 
the way we will exceed other such limits 
in terms of self-suffi ciency in vegetables 
or milk or more to the point, quality of 
life, that will decline as commuter num-
bers and distances infl ate. On the other 
side, if we want cultural and institutional 
centres, they require a minimum popu-
lation to be viable. Now, if this model 
delivers a far better quality of life and 
becomes popular, how will we stop mi-
gration and encroachment? This can be 
handled by strictly legislating land use 
and if there are more takers by settling a 
new city 30 km upstream or downstream 
– much like settling a new colony.

Conclusions

Given the pressure of migration and 
slums in existing mega and large cities, 
one place to start building such a natu-
ral city is in the neighbourhood of cities 
like Agra, Allahabad, Varanasi (of ap-
proximately 1 million people), which 
are located along a river. This would re-
lieve land pressure on the old city and 
allow for its slumless redevelopment. 
Many river-based cities in India are 

 located on one side of the river. However, 
depending on the nature of the fl ood-
plain, a new natural city can be divided 
into two parts located on both sides of 
the river. 

Natural cities provide a new evolu-
tionary basis for the matrix of urban life 
on the planet. We have shown them to 
be eminently sustainable, and moreover, 
practical. We hope that they will soon 
fi nd subscribers in these days of invasive 
urbanisation.

Notes

1  See, for example, “Milk Production from Tropi-
cal Pasture”, T H Stobbs and  P A C Thomson, 
Food and Agriculture Organisation  Corporate 
Document Repository, Agriculture and Con-
sumer Protection. 

2  Otherwise, there will be an “encroachment” as 
the use value for residential purpose ( jhuggi-
jhompri) will be higher than for agriculture 
purpose.

3  Actually there is a matrix whose second dimen-
sion is whether it happens within the city or 
outside the city.  For instance, a canal inside 
the city can have the benefi t of cooling the city, 
while a long canal from dam to city can cause 
waterlogging.  
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