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Introduction

In most parts of the world, supplies of fresh drinking water arengining.

The reasons are not hard to understand — population increase, pollution of
ground and surface waters, over-exploitation of existing resgurce
deforestation of catchments and increasing demand for agricybumabses.
Finding new sources of water and managing demand are problemisiagerc
water authorities everywhere. At the time of writing, even ecadcelin
developed regions such as Australia and California are facweyesevater
shortages.

| started writing this essay in 2007 when the worst drought in 1065 yea
dominated headlines around Australia. My initial motivation to broach the
topic was the intense and often perplexing debate about the bestpobcy

for Australia. It quickly became apparent that water policynoaibe discussed

in isolation, even though this is how politicians attempt to frdmedebate. A
holistic approach is required, which at the very least includes land use policy. It
then became clear that water and land use policy are implemseitted a
social and economic framework, and from a Proufisrspective water and
land use planning must be the starting point for localack-levelplanning.

Block-level planning is one of the key features of Prout’s econogeada.
Theblock in Prout parlance, is equivalent to a local government area (EGA)
Prout broadly supports economic decentralization and therefore promotes
cooperatives (locally owned and managed businesses) and economic planning
at the local (LGA) level as well as at the federal or country level.

Those wishing to promote an economic plan for their local ardahaxie to

turn their minds to water and land use policy. But developing policyis
easy. The Australian Greens summarize their water poliaysinsgven points
(see Appendix 3) and the Wentworth Group of Concerned Sciéritisjsst

five points (see Appendix 4), but behind these summaries lies tiberdébn

of some of the best informed minds in the country. It may be pdlitic
expedient to present water policy in succinct statements, but tatelments
must be supported by a depth of research — sufficient to handle the
controversies that will undoubtedly arise. This essay offers soenera
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background information to help formulate a water and land use policy
informed by a Proutist perspective (that is, a perspective whicimgies
economic decentralization and cooperative enterprises). Whilecths fs on
Australia, the ideas should be applicable to most parts of the world.

The politics of water is intense. Supposing a community or country couie

up with a water policy that represented the best possible congardmaiween
the desires of urban consumers, farmers, environmentalists, mindrs a
business, the reality when it came to implementation would be kmmet
different. Water scarcity threatens livelihoods which fuels #ead greed. If
you want to get some taste for the intensity and complexityaténpolitics in
Australia, an arid country suddenly confronted with water scarafd icky
Fullerton’s highly readable accouitatershed

Developing policy is also difficult because one has simultanesoiglgal with

big picture thinking (ethics, culture, long-term future) and technolbdetail.
Furthermore, water policy must vary from place to place, so dlifficult to
make definitive statements that suit every situation. Nevertheteseems
worthwhile to make the effort because water policy is not just abatdr, but
about land management, resource management, agriculture and industry, all
which are located at the heart of block-level planning.

Structure of the Essay

The obvious water policy issues revolve around supply, demand and storage.
But a long-term water policy requires a holistic approach andlttuement is
based on the premise that water policy cannot be separated &mon |
management, agricultural practice and of course economic policy.

We begin with a brief historical review which is necessaryorder to
appreciate contemporary water policy issues, both general anclfaunstNext
we deal with the supply, demand, storage triangle because theeat ptes
obvious policy challenges. Finally we review the all importasties of land
management and water administration.

To give you a feeling for what is to come, here are sonyefdagtures of the
approach to water policy advocated in this essay:

1. A decentralized approach to water harvesting and storage, ,thatabk
planning and management.

2. Water harvesting integrated with land management and planned on a
catchment by catchment basis.

3. Water harvesting preferentially (but not exclusively) by thetere and
storage of rainwater where it falls.

4. Water is a public resource, a minimum requirement of life and
necessary for collective security. The proposition that water ¢hurul
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privately owned and traded, like any other economic commodity,
cannot be supported.

5. Maximum utilization of water will require demand management and
scientific research directed to water efficiencies.

6. Rational distribution of water to be achieved through water trading b
publicly owned utilities and farmers’ irrigation cooperatives, with
independent statutory bodies having a regulatory role.

Some History

Water policy in the 2B century is best understood in the light of European
experience in the preceding century. The story begins early ibStheentury

with the introduction of the water closet, first into fashionable hofodewed

by more general adoption. Today we might assume this to represtep a
forward in public hygiene, but quite the contrary — it inauguratddaster that
killed hundreds of thousands of people over the coming century. The water
closets discharged into sewers which, in turn, discharged into rRevsite
water companies drew water from those same rivers and rettiioetheé taps

and pumps of the general populace. European rivers were sewerstand
enjoyed by those of delicate disposition. “I counted two and sevenighste —

all well defined — and several stinks”, wrote Samuel Coleridgebwating trip

on the Rhine where it passes through the romantic city of Colégsiging of

the Houses of Parliament in London, 1848, had to be adjourned because of the
appalling stench bubbling up from the Thames.

As early as 1828, a distinguished physician, William Lambene&dthe public

that drinking water known to contain “the decayed and decaying rerohins
myriads of animals and vegetables, in every stage of decomposition
putrefaction”, might be harmful to health. Yet despite repeateceryid of
cholera and typhoid (a cholera epidemic in London, 1848, claimed 3,000 lives
in one week alone), it took 100 years of heated controversy before common
sense prevailed and drinking water was kept separate from sewhgelid it

take so long?

The first difficulty confronting water and sanitation expertsh&f period was
lack of an appropriate theory of disease. Bacteria had not yetllssenered —
cholera and typhoid were believed to be causedrhjaama ‘something in the
air’. Without an adequate germ theory to stimulate investigation, ggegrvas
difficult. An important discovery was made in 1854 when all the cases
cholera in a Soho epidemic could be traced to a particular water gumsp.
discovery forever linked public health to water quality and was goritant
turning point in the history of public sanitation. But controversy pecist
because there was still no agreement on the causative agent linking the two.
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Indeed the controversy increased because of a second difficultfirstiveater
analysts, whose job it was to determine water quality, werganar chemists.
(The science of organic chemistry was not yet recognized.) Weid grimary
interest was the degree of enrichment of water by health gsalg believed

to cure dyspepsia, rheumatism and other disorders. Money could bdromade
the right kind of mineral water and hence Bath and Harrogate leecam
fashionable spas frequented by the rich.

As towns competed with one another to promote the therapeutic valuerof the
springs, water quality experts felt the pressure to provide fakteianalyses.
From which it was but a short step for private water companiesrnidon and
other cities to promote the quality of their water over thaheir competitors.

It was a battle of the experts, with water quality chenogigosed to sanitary
engineers. Here is a sample of th& téntury debaté:

Sanitary engineer‘...a stream which receives daily the evacuations of a
million human beings... with all the filth and refuse of various rudfee
manufacturers... cannot require to be analyzed, except by a |utmatic
determine whether it ought to be pumped up as a beverage for the
inhabitants of the Metropolis of the British Empire.”

Response of water chemi3to drink tap water containing microscopic
animalculae is “no more harmful than eating fish”.

It was a case of reformers invoking science to sanction gehaand
conservatives invoking science to prevent it, a situation which is disglybi
reminiscent of contemporary debates about environmental pollution and wate
quality. This situation deserves additional comment precisely bedaissso
relevant.

Scientists like to claim that they arrive at theories througlersbton and
experimentation. Experience precedes theory. In practice thessrog more
cyclical, with experimentation stimulated by pre-existing tiigor build new
theory. If the cycle is broken for want of a satisfactory theorvestigation
stagnates. Furthermore, scientific knowledge is not absoluteis-always
subject to review. Scientists are happy with this statefairaf Indeed they see

it as a strength and as a necessary protection against ddgnvehen science

is required to inform public policy, its open-endedness becomesakness
which powerful people exploit to serve their own interests. Thus wewahse
even today, that scientific uncertainties about, for example cjstioxicity
levels or climate change, are deliberately exploited to ratestthe political
decision making proce$$ While a solution in these cases would be an appeal
to common sense or adherence to the pre-cautionary principle, inceracti
politics today is no better at framing public policy based oaned than it was

in the 19" century. The policy debacle surrounding climate change iseica
point. And future generations will look back in disbelief!
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Something to think about
How long can we live?

Life expectancy in developed countries has risen stedditg 4840, and

for women at the rate of about three months every Y&espite the
recent epidemic of lifestyle diseases in developed countriesd) as
obesity, diabetes and hypertension, some scientists believe that there is no
reason why longevity should not continue to increase. We miyasle

why longevity is increasing. Is it due to modern antibiotics and &rlrgs

fact the greatest increases have come from low-tech putieladth
measures such as the following (in order of importatfce):

1. Clean drinking water.

2. Sewage treatment and separation of sewage from drinking water.
3. Use of soap for personal hygiene.

4. Mass vaccination.

5. Public housing — ensuring dry, disease free shelter for the great
majority of the population.

Contemporary Issues

The realization that drinking water quality was an importantradetant of
public health had a profound effect on European social consciousness,tone tha
is difficult to appreciate in the 2kentury. But with regard to water policy that
impact persisted pretty much throughout th&' 2@ntury. The provision of
plentiful, safe and palatable water for dlecame a primary duty of the state.
Water and sewage companies were nationalized because privatantesnp
were resistant to implementing changes that served the poigirest but did
not advantage themselves. For the liberal conscience, clean watand a
matter of human rights. For the conservative, it was a mattetatd security
because epidemics sweeping through squalid city slums incited puipést.
And if further justification was required, archaeologists wareovering
evidence that great civilizations of the past, such as MesopotatiAcadia,
had fallen for wont of good water managentent.

Another hallmark of 26 century water policy wasvater as anengineered
product To obtain water in abundance required the building of large dams far
from cities. The water then had to be piped to treatment plant® wbmplex
quality control ensured that the water delivered to houses wasatistastory
standard. Indeed the greater the engineering prowess of a natiatés
infrastructure, the greater its industrial might. The Hoover DAd8A) and the



166 UNDERSTANDING PROUT — VOLUME 1

Snowy River Scheme (Australia) were very much products ofntivad set. It

has been described as the epoch of ligdraulic society the apex of
modernism-* Of particular note is that the provision of water in tiyelraulic
society had almost nothing to do with land management, ecology and the
dynamics of biological systems.

From an economic point of view, ®@entury water policy was dominated by

the so-calledsupply side paradigmWater resources planning, at least in
developed countries, attempted to ensure that consumers did not suffer a
restriction of supply. Attempts to restrain water use playeale only in times

of drought and could be accomplished only if the public perceived a*risis.

In retrospect it was inevitable that such a system would bfeajgulation
increase and growing per capita consumption increased the demanatdar w
while pollution of surface and ground waters made it more difftounaintain
supply. The privileging of water supply within the hydraulic stycie
encouraged both excess quantity and excess quality for routine useassuch
toilet flushing and garden watering. In short, the supply side paragoligned
unsustainable.

And so we come to the Zicentury, where the emphasis has shifted from
supply todemand managementVhile governments continue with efforts to
increase water supply, they are confronted by the political adsbsiilding
large dams and recycling sewage and the energy costs ahdgsal Thus the
new approach is to reduce demand and to make much more effiogent us
what water is available.

The emergence of economic rationalism in the latéc@mtury has also had an
impact on water policy. Why, the rationalists ask, should watediffierent

from any other commodity? The excess demand for water can sineply
corrected by increasing its price. Besides, the price ofrviatthe hydraulic
societydoes not reflect its true economic cost. If water were predtias it

was in Britain in 1986, the increased price would provide incentives for
entrepreneurs to find new methods to produce more water. Water thaabdy

in an open market would solve the mismatch of supply and demand. Perhaps
not surprisingly the Business Council of Australia issued a rep&éeptember
2006 titledWater Under Pressure: Australia’s Man-made Water Scarcity and
How to Fix It.Its main argument, well publicized in the médiaas that water
shortages are due to economic mismanagement and could be solved tey priva
investment to build water infrastructure. The then Federal Enveohm
Minister, Malcolm Turnbull, welcomed the report by saying:

The big urban water utilities are very profitable businesethose
businesses are allowed to invest and do what they should do, whaich is
deliver the water the cities need, then we will not have — longterm
basis at any rate — water restrictions in our major cfties.
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Democrat Senator Bartlett was more circumspect. While &dgithat the
primary water issue is not about scarcity but about managehengutioned
against private ownership of water utilities because of theiHixedl of
profiteering.

Water pricing and water markets desperately need to bewexie
however, we should be wary about private ownership of water. Water
availability is in the national interest and we should be eorerd about
profiteering to the detriment of water users or the environn&'e need

to separate ownership from pricitfg.

Water is one of the last essential commodities in Australigetqgtrivatized. It
has therefore become a focal point for competing visions about the.fbtur
example:

Water privately owned and traded in free markets to achiefigeat
distribution versus water as a public commodity managed in thestdere
the community.

Water as a highly engineered product for a modern hydraulictgeeesus
water cycled through ecosystems, passed from one community to ranothe
with purity maintained by wetlands and managed aquifers.

Public health as a product of mass inoculations and antibiotics \mrislis
health as a product of a clean environment from which healthy food and
pure water are harvested.

Farms as agri-business, financedrgnaged investment schenwéfering
high rates of return to wealthy, city-based corporate investors versuwr$ar
as custodians of the land and water and as producers of high quality food.

It turns out that visions about water management impinge on visionstabout
future of our society.

Australian Water Issues

Australia is a large continent. It is geologically old, imsstly flat and it lies

in the sub-tropics where temperatures are high but rainfall antefthese
features conspire to produce a continent with a unique relationshiptéo. wa
Except for the northern and eastern fringes, much of the continemd ianal
afflicted with salt. Perhaps because of this, 80% of the Aisstrpopulation is
urban and almost all of it is coastal. And yet, surprisingly rgithee obvious
aridity of the continent, Australians have a higher per capitarwsge than any
other country in the world.

Commenting on Australia’s profligate use of water, Dr. Rickrisviold the
ABC science programme Catalyst:
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In a broad sense we have been spoilt. We have been used tdausing
more water than we need to use. We have been used to seeingnit a
infinite resource for which we can just turn on a tap, or pump water out of
a bore and it's just there. In reality that is not the wegy rest of the
world operates. We need to have a culture chénge.

One is also reminded that Australians are among the highesa&a emitters

of greenhouse gases and second only to the USA in per capita prodofcti
landfill waste. It is clear that Australia urgently regsiggolicy initiatives to

encourage maximum utilization of scarce resources.

The classical European water cycle, which usually informs dhggy text
books, does not apply to most of Australia. Instead of mountain fed thadrs
flow to the sea, Australia has shallow catchments most of wioehif-land
across vast flood plains. Compared to other continents, Austrbl@'svers
hardly rate. The combined flow of all Australia’s major rivessabout one-
hundredth that of the Mississippi alone. The annual flow of Austraji@atest
river, the Murray, equates to just one day in the life of the Amazon.

In her seminal publications, Mary White (described by Fulléftoas
Australia’s own Rachel Carson) argues that the early Eangpéailed to
understand the Australian landscape and the movement of water through it.
Despite its dried and rugged appearance, the continent is ecdiogjiaglle

and it was perhaps inevitable that the imposition of European-giytaiture
would wreak havoé? For White, salt pans in agricultural land are a harbinger
of impending disaster, just as the decimation of insects by Waslfor Rachel
Carson. Of great concern is the long lag time between cause and effegein la
scale ecological systems, and the continent is only justngtad show the
effects of 200 years of abuse.

Today about 70% of water consumption in Australia is used for agrieultur
Furthermore farmers holding free-hold title are responsible dores70% of
the land. Consequently most of the difficult water policy decisiodsustralia
are directly concerned with land use and farming practice. dlteving is a
list of just a few of the issues we face. There are no simmgwers — these are
deep moral and social questions:

Much of Australia’s agricultural land is in fact marginal ftarming.
Difficult decisions must be made about what farming is sustairiabée
given catchment. These decisions require balancing long-termagastsst
short-term gain.

Unwise irrigation practices have caused environmental devastation
Australia. Difficult decisions must be made about allocationsritgairon.
This will involve trade-offs between economic and environmental costs.

Water has multiple uses - irrigation, electricity, drinking supahd
environmental flows. How to apportion scarce water will involve diffic
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decisions. The power company Snowy Hydro was recently attacked for
buying electricity from coal-fired power statioffs.lts own hydro-
electricity would of course come without a carbon cost. The company
argued that it was preserving dwindling water supplies fwvnt
consumption and irrigation.

Farmers care for 70% of Australia’s land. If we are to revdire
destruction of wetlands, recover biodiversity, improve water quality
plant more trees for bio-sequestration, who is going to bear th&?008-
going civil disobedience campaigns by farmers (for exampleepests of
deliberate illegal land clearif) highlight this question.

Australia’s iconic tree, the eucalyptus, does not mix well wilditional
agriculture. It has deep tap roots which lower the water table. dnidee
might be argued that the eucalyptus contributes to the ariditiheof
Australian continent. Elsewhere in the world, notably India and tluelli&li
East, the eucalyptus has been ruthlessly removed from cultivatesl are
Difficult decisions will need to be made as to how much we alter
Australia’'s natural landscapes to satisfy human food and fibre
requirements.

Indigenous land management involves burning, partly to aid hunting and
partly to encourage growth of edible herbaceous and tuberous plarsts. Thi
practice, which is common to savannah communities around the world, is
sustainable but maintains the landscape ecosystem in a stateesitd
development. In particular it reduces tree cover almost 100 fold s tree
which are needed for building soil, biosequestration, agrofordstrnygame

just a few. Choices will have to be made between legitimate la
management practices.

Something to think about
If only Australia were in the northern hemisphere!

Australia is a major producer of wheat, wool, mutton, beef anmrcot
The country has made a lot of money growing food and fibre. But for
how much longer? Australia’s past agricultural practices, iticpdar its
profligate use of water and reckless land clearing, amglg not
sustainable. European farming practices have provided a short-t
bounty, but the creeping cancer of dryland salinity and soil erosoa a
warning that the bounty will indeed be short term.

Why is so much of the Australian landscape so fragile forcalgure?
Cotton has been grown in the USA for two hundred years, in some places
for three hundred, without insurmountable problems. Cotton has been
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grown in Australia for around 50 years and already some would argue the
crop should not be grown in the country. Why the difference?

It is partly about rainfall reliability. The cotton belt inet USA enjoys a
sub-tropical climate with abundant rain, well distributed througtyéae.
This is ideal for cotton and the crop can be grown in Gecagd
Mississippi without irrigation. Rainfall in Australia is kegeliable,
making irrigation essential. But irrigation in an arid climaith mobile
salt requires more care and self-restraint than has been exeooistd.t

However, it is not only about water. More importantly, accordimg t
Fullertorf> US soils “are much deeper and richer, and able to buffer the
abuse”. Northern hemisphere soils were formed comparatieebntly.

The repeated advance and retreat of glaciers during thectasiges
pulverized rock, creating deep fertile soils. By contrast Aliatr soils

are ancient and depleted. The last time glaciers perforthed
rejuvenating function was 300 million years ago. Dry, desiccatimglsvi
and water have long since eroded the surface, leaving &afidscape
with shallow soils and flood prone.

Australian ecosystems have adapted well to unpredictalvie Aéter a
downpour, the deserts burst into life, a cacophony of plants and animals,
all anxious to complete their life cycles before the retufnaadd
conditions. But agriculture requires certainty, and the attémpteate
certainty with dams, weirs and irrigation has destroyed a isungiy
fragile landscape.

Key Concepts

1. Just as 20 century water policy focused on hydraulic engineering, so
the 2F' century approach will be about ecosystem management and
biotechnology. It will be about working with the water cycle and
ecological and biological processes rather than usurping them. We
cannot live outside ecosystem dynamics.

2. Water policy requires &olistic or integral approach. That is, it must
simultaneously address global warming, drought, deforestation, land
management, biodiversity, environmental flows for rivers, agriculture
and so on. In Australia, it must also accommodate our unusual

geography.

3. Except for the peripheral fringes of the far north, water idith#ing
factor for human settlement and agriculture in Australia. Conseguentl
water deserves to occupy a central place in community and eanomi
planning. Water harvesting must be integrated with land management
and planned on a catchment by catchment basis.
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Harvesting and storing rainwater where it falls is thegsreti method
to obtain water. This approach lends itself to decentralized planning and
management.

Deforestation contributes to climate change. Apart from producing
food, Australian farmers should also have the responsibility for
reafforestation and biosequestration. Agro-forestry is an esl to
combine these two with food production.

. Water is an essential requirement of life. Consequently, it shzaild
managed as a public resource for the welfare of all. Thisrequire
appropriate cooperation of all levels of government and a regulatory
role performed by independent statutory bodies.

Maximum utilization of water can be achieved through demand
management and scientific research.

Rational distribution of water can be achieved through a mix of both
planned allocation and water markets. Water traders would hesédide
public utilities and irrigation cooperatives, with strong regulation to
ensure that the community interest is served.

. Water management has a cultural component. Encouraging respect for
the Earth and its resources should be a central feature afuaat®n
for a sustainable future.

Supply — Water Production and Harvesting

The Water Cycle

Every schoolchild learns about the water cycle. Ocean water evapofalls
as rain on the land and then flows back to the ocean either overrtheesor
underground (Figure 1). The cycle is driven by the heat of the swinbyand
by gravity. So why reiterate this here? Because what isextssarily clear
from school is that the cycle is a unitary system on a glaladé s- its various
parts all around the globe are interconnected. Rain in Europeeteaffby
currents far away in the Indian Ocean. Disrupt one part of the eyd the
entire global cycle is disruptéd.The importance of this fundamental truth

cannot be over-emphasized. Some disruptions are obvious — if we take too

much water from the rivers for irrigation ground water dynararesdisrupted.
If we take too much ground water, surface waters suffer. Groaer ifows
and surface water flows are not separate systems.

Some human interventions, however, are not so obvious. Human induced

climate change is already having an impact on currents imnthan Ocean
which can affect rainfall in far away GreeéeClear felling large tracts of land
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reduces rainfall because rain clouds do not form so readily oweredléand.
India and Western Australia offer good exampfes.

We ought not to discount the consequences of disrupting the global water
cycle. A WHO repof?f estimates that “almost two billion people were affected
by natural disasters in the last decade of tec2btury, 86% of them by flood
and droughts”. That's well over a quarter of the world’'s current papolat
affected by severe water imbalance. Floods are the secondretpstnt kind

of natural disaster, after windstorms. The largest cause ohgd¢latough
natural disaster is famine brought on by drodgidany of these catastrophes
can be attributed in part to human interference in the landscapaeamgter
cycle. In what follows, we compare the merits and demeritshadividual
sources of water. But it is to be remembered that whatevedivieesity of
sources, humans are tapping into one and the same water cycle tasuctha
interventions on a large scale can have unexpected consequences.

502,800km?

sookm*  ff 1

' Precipitation
458,000km3

Figure 1: The water cycle on a global scale. Volumes attachedréavarrepresent
annual flows. Numbers at the bottom of the diagram representaargasatic volume.
In one year, the sun evaporates the equivalent of 125 cm depthtesf affathe
world’s oceans. However two thirds of this falls back ontodbean and only one
third makes it over land. But small fluctuations in this ratian have major
consequences for life on land. Australia has a higher rat@agfo-transpiration than
other continents. In fact, because much of its river watered f® irrigation, some
90% of rain falling on the continent is returned to the atmosphere byoeva
transpiration. Note that one Rnof water equals one million megalitres and a
megalitre is the approximate equivalent of an Olympicrswing pool. Diagram from
Black’®, reworked bySahitya Graphics.
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Surface Water

The harvesting and management of surface waters to provide potdblehas
been the primary focus of water policy in Australian cities uetient times.
There is a strong logic to this. Rainwater is (assuming thenabsof air
pollution) fit for immediate drinking. The further water disperserough the
environment, the more likely it is to become contaminated with pollutants, salts
and other minerals. Furthermore once it reaches the ocean oaglaégs it
becomes more difficult to recover and process. In theory, thereadieatch
rainwater, the cheaper it should be to process and the better the hmaitic
outcomes.

The difficulty of course is that captured rainwater needs tadreds Nature
provides lakes and ponds but these are not necessarily located wimaneshu
can make best use of them. Hence the necessity to construct isantss,
reservoirs and dams. The issues of storage will be discussed subsequently.

The harvesting of rainwater is most efficiently achieved wkiegaain falls on
hard surfaces. Placing a dam at the bottom of a river catchsneather like
placing it below a sponge. As an example, despite heavy raifi dur@ 2007
on the Brisbane River catchment, very little of it entered the lerause the
catchment soils were so dry. By contrast, rain which falls logar@ surface can
immediately be diverted to a collection point. Consequently the possibilities for
harvesting water in cities are extremely good given thgelaxpanse of roofs
and roads. Stormwater run-off from most Australian cities goesttirto the
ocean where it is lost. The obvious problem with harvesting wateities is
pollution. Sydney and Adelaide are now addressing this problem byipgrify
water in aquifers — more on this below. Brisbane already harsestawater
for its parks?®

If a policy of harvesting rainwater where it falls wergtually followed, it
would result in a highly dispersed system of collection and stosagss one
cannot predict where rain will fall. In practice, the™26entury hydraulic
society has opted for large dams sited at the end of large @tthinThe
principle argument in favour of this strategy is economic effiye We return
to this issue in a subsequent section.

To summarize the advantages and disadvantages of using surface waters:
Advantages

Easy to access.

Rainwater should have high purity.

Trapping water high in a catchment prevents fast moving water
concentrating too quickly and causing erosion.
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Disadvantages

Surface waters require surface storage. Rainfall is unrelialthe more
unreliable the rain, the bigger the storage required.

Rain does not necessarily fall where it is most needed. Traimgport
water can be expensive.

Many parts of the world cannot use surface waters becauseatbey
polluted. In developing countries 90% of domestic sewage and 75% of
industrial wastes are released directly into lakes and streams.

There are significant evaporation losses when water is storéarm
ponds, shallow dams or transported through canals. This is a panicularl
serious problem in Australia. Irrigators in the Murray Basin, kameple,

get just 80% of the water pumped to them. The rest evaporares it
through canals, with concomitant concentration of salts.

It is difficult to construct deep dams in much of Australia’'at fl
landscape. The average depth of the proposed Traveston Dam north of
Brisbane will be five metres. This is sufficiently shalloa dllow the
waters to heat up, leading to rapid evaporation and eutrophication.

Ground Water

Ground water constitutes some 98% of the available liquid freshwatére
planet but the intemperate use of it is creating many problerosinG water
accumulates from the downward percolation of rain, river and lake saiel
is stored in the pore space of soils, sand and rock. Sometimessifid to
make a distinction between sub-surface water and deeper aquifiersui$ace
water is closely associated with surface water and isetliately available to
plants. By contrast, aquifers contain older water which is not s&ckys
accessible to plants.

Aquifers consist of thick layers of sand or stone permeated watervand
trapped underneath (and sometimes on top) by impermeable rock. Thus,
depending on the placement of the impermeable rock layers, an aqayfer

may not be isolated from the water table upon which farmers defoend
growing crops. The water in deep aquifers is sometimes qadlego-wateror

fossil waterbecause it will have been underground a very long time, perhaps
millions of years.

Many parts of the world rely heavily on ground water for town suppl
Denmark, for example, obtains some 98% of its water supply from ground
sources, Saudi Arabia 75%, London 70-75% and U.S. cities average 30-40%.
By comparison, Australian cities acquire about 10% of their watan f
underground. There have been demands that this percentage increase.
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Management of aquifers is necessarily an important component &f paicy

in Australia because, although the surface is arid, massive asrafuméater lie
beneath the surface. How that water should be used is not a ssys#e For
some 60% of the continent, there is little or no surface wstett, inhabitants

are entirely dependent on ground water. For ground water use to be sustainable,
the rate of extraction must be less than the rate of rechargeidl regions,
recharge of local aquifers is likely to be minimal — the waefossil water
accumulated in the distant past when rainfall was much higherdtaw. tFor
decades, hundreds of bores into the Great Artesian Basin (cyrtteste are

892 of theni") have been allowed to spill water senselessly onto a sunburnt
landscape 24 hours a day, every day of the year. Obviously sucicesaute
unsustainable. For many aquifers it is difficult to measuredtesof recharge

and therefore to determine whether current use is sustainable or not.

The advantages of ground water use

Aquifers tend to be spread over a large area so it is possiéraat water
where it is required, obviating the need for expensive pipelines and
transport.

Water stored underground does not evaporate.

Ground water is typically filtered and purified as it moves thhoaq

aquifer and hence tends to be less polluted than surface wateiakbgpe

heavily populated areas. It is precisely for this reason thedp€an cities
have come to depend on ground water for town supplies.

The disadvantages of ground water use

Ground water abstraction, in excess of replenishment, lowers tee table
thereby affecting local wells and agriculture. The famous @igadiquifer in
the USA (containing 20% more water than Lake Huron in the Gradetd)

is being depleted at a rate 14 times faster than nature camistplit.
Likewise irrigation in India is using water so fast that logater tables are
dropping year by year. A well of 10 metres a few years agonsaas to be
80 metres deep and in some locations wells must be refillednigrta
China, with a population of 1.2 billion people, has only half the water it
needs, and relatively insufficient areas of arable land. Itsréleavily on
ground water but its water table is falling at about 1-2 raqisx year. The
country’s development policy requires diverting most of its ugeahler to
industry at the expense of agriculture. According to Mary WHi@hina is

an ecological catastropheavaiting to happen. What happens when China
cannot feed her people?

While not subject to evaporation, ground waters can become saline due to
leaching or seepage from irrigated farmland. Even when not pollyted b
human activity, water in aquifers can be contaminated with hesatals
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and other minerals, such as arsenates, leached from the rock mnajust
three districts of Bangladesh alone, arsenicosis kills ovallianmpeople a
year, with many more suffering side effects. This problemdcbal entirely
prevented by collecting rainwater, which is abundant in Bangladesh.

Irrigation with ground water containing even low levels of salh c
exacerbate salinity due to evaporation.

Abstraction of ground water is a form of mining which can lowerldhd.
For example, abstraction of water for industry is causing Veaisek into
the sea.

Professor Lance EndersBgelaims that much of the world’s ground water

IS a non-renewable resource, that is, it is not replenished by percolation from
the surface. He claims that rapid consumption of ground wasepiiathe
world on the edge of a catastrophe, far more serious that globalirngar

This is a controversial and disputed claim but it has received smdea
coverage”

Despite the call for Australian cities to use more ground wétes strategy
should be approached with extreme caution. Unlike other Australigs, c
Perth in Western Australia gets some 80% of its water frayangr aquifers.
The consequences for local eco-systems have been devastateg. drad
wetlands are drying up with spread on effects to animal and bird gitmms.

Furthermore, excessive freshwater abstraction has suckedyirosedn water
from the coast.

Desalination

Desalination involves the removal of salts from ocean or brackisér wa
generate freshwater. The most common methods are distillattbril@ation
(which includes reverse osmosis). Both of these are energy inteasde
therefore expensive. Consequently the oil-rich, rain-poor Middle Eadteeas
the only part of the world to rely primarily upon desalination —east until
now. In response to the worst drought in 100 years, Australia is contglgpla
a desalination plant in all of its major coastal cities. InddedQueensland
government recently flirted with plans to build a desalination plarBrire
Island to supply Brisbane city. With a $3 billion price tag, it wdwdde been
the world’s largest.

Distillation consists of applying heat to salty water to @eaater vapour,
which is then condensed to produce pure water. Distillation is more cost
effective in conjunction with steam-turbine power generation becthese
steam released from the power plant can be sent directly $tiadion.
Distillation technologies account for approximately one-half of wueld's
installed desalination capacity.
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Reverse osmosis is a low temperature, high-pressure memblaagof
process that forces water through the molecular structure efatesheets of
thin plastic membranes to filter out minerals and other impuriretuding
salts, viruses, pesticides and organic molecules. The membrand&eare
microscopic strainers. A difficulty with current technology hattthe plastic
membranes become clogged with bacterial bio-flms and offer ussedy
high resistance, adding to costs. However, scientific researatietdir®o these
problems is bearing fruit.

For more information on desalination see the accompanying erfdndke. all
other water sources, desalination has it advantages and disadvantages.

The advantages of desalination

An obvious advantage is that desalination is climate independent. IRiginfa
irrelevant. When placed by the coast, desalination plants haweallyirt
unlimited supplies of ocean water.

Desalination, particularly using filtration technologies, providapesor
guality water, regardless of the quality of the source water.

Water desalination is commonly described asaadware technology
meaning that it is accomplished by means of pumps, filters andppéuers

of equipment that can be scaled to meet the expected demand. Additional
capacity can be added with relative ease by increasing théensinof
filtration elements. This flexibility is important when tryirtg optimize
capital investments to match demand projected over time.

The hardware nature of desalination allows for new cost-savimayations,
such as foul-resistant membranes and improved energy recovergsjeuic
be incorporated into existing plants with relative ease.

Desalination plants have more flexibility of siting compared to coiweal
surface-water alternatives, thus minimizing treated water transmisssts.

Desalination is gaining cost competitiveness as surface and grouers wa
become more difficult to manage.

The disadvantages of desalination

Desalination is energy hungry. Power costs can account for 30-608é of
operational costs. Thus, slight variations in power rates (remgebé&roil)
directly impact the cost of treated water. Note, however, thdheSyand
Perth, unlike the Gold Coast, have opted for desalination plants powered by
renewable energy.

A by-product of the desalination process is a highly concentratet sa
stream that requires careful management and disposal. Anticipation of
strong objections from the fisheries industry operating around Bslaied
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possibly persuaded the Queensland government to delay plans for aplant
the island. Some of the most common methods for disposal of the
concentrate are: solar evaporation ponds, injection into depleted ajaand
fields and open-ocean discharge. Safe disposal of the concentrate is
significant cost factor.

Desalination requires both pre- and post-treatment of the water. The
objective of pre-treatment is to remove suspended matter in theeseater

and to condition the water by adding anti-scalants and loweringHh®
improve membrane performance and prolong operational life. Desalination
by reverse osmosis is so effective that a post-treatmese phaequired to
re-mineralize the product water and readjust the pH. As in allqulalier
supplies, treatment concludes with chlorination. As a matter ofestter
drinking highly demineralized water is extremely bad for lmeadince, on

its passage through the body, water is re-mineralized by dyasinthe
body’s reserves.

We are entitled to view desalination as the apotheosis diyilfraulic society

the ultimate in the engineering of water. It is yesterdtyisking fulfilled with

the latest in modern technology. It does not require that we carefiathage
catchments. It does not require that we use water more effycibtndoes not
require that we stop polluting surface and ground waters, or thabweising

the oceans as the ultimate sewer. It is a business as usual solutionwkveho

a rational solution in a country where surface and ground watepobuéed,

where energy is cheap and where greenhouse carbon is not costed.,In 2010
Australia is just such a place, but what about 20207

Other Water Sources

Cloud seeding

Cloud seeding has a controversial history. The first documented ofase
human-made rain occurred in 1947 near Bathurst. Ongoing researchied to
commencement of cloud seeding experiments by Hydro Tasmania and
CSIRC® in 1964. Typically silver iodide, dry ice or hygroscopic salts are
sprayed onto already existing rain clouds. It takes about 30 mirutdsefice
crystals formed to grow to sufficient size and fall out of tleeid under their

own weight. As the ice falls, it melts to become rain.

While Hydro Tasmania claims three successful experimentf @ mains
sceptical. Trying to prove that a particular rainfall evemiaigsed by seeding is
a difficult statistical exercise because of the greaabdily of normal rainfall.
The CSIRO says its trials conducted in Victoria in the 1970s and 1889@s
unable to prove that cloud seeding worked. Scientists at the Naticademy
of Sciences (USA) in 2003 came to the same conclusion. The offasétion
of the American Meteorological Society (AMS) is that thers haen some
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statistical evidence showing a 10% increase in precipitatiter afoud-
seeding, but no conclusive cause and effect. Another observation to emerge
from cloud seeding experiments concerns the effect of air pollutten AMS

claims that clouds in the USA are full of aerosols, dust and industri
pollutants, which impair a cloud’s capability to produce rain.

Despite the uncertainties, some forty countries, including SoutltaAfthe
United States and China spend big money to practise weathercabtdifiand

the emerging consensus appears to be that cloud seeding works bus tme ha
get the conditions exactly right — and there are many varigbtesvy Hydro

has announced it will undertake a six-year $5 million trial in $m@wy
Mountains, spraying clouds with silver iodide. The company predicts that
snowfall could increase by 10% and deliver improved environmental lows
the Murray River. The Queensland government also plans to trial cloud seeding
in the drought stricken southeast of the State.

The budget for cloud seeding experiments runs into millions. Would the money
be better spent achieving water efficiencies in other wayd@salination plant
costs in the hundreds of millions, an order of magnitude greater, batisfec

the yield is certain. If a cloud seeding experiment works, theased crop
yields for farmers in one season alone can be worth hundreds lmnmil
These are the kinds of calculation that exercise water engineers.

Figure 2: A ‘hole’ remains
in a deck of stratus clouds
after seeding with dry ice.

Caption in the lower right
reads: “Effects of seeding
Altostratus  Clouds  over
Green Bay, Labrador: 45
minutes after seeding with
dry ice.” USAF photo from
Sewell 19738

Perhaps cloud seeding becomes a more viable proposition if we thonkoin

terms of increasing rainfall but rather targeting rainfdiich rain has fallen in
parts of Southeast Queensland over the past few years, but nbein t
catchments which supply Brisbane city. The cloud seeding experiments
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proposed for the region are intended to target rain towards diaments
rather than have it fall over the ocean or in places where it cannot be stored.

Something to think about
It's not just about drinking water!

Clouds are not only seeded for rain. Other motivations for weathe
modification include attempting to reduce the severity of bangés and
dispersing fogs that threaten to drift over airports. Heeesame more
unusual experiments in cloud seeding:

- From 1967 to 1972, the US military seeded clouds with silver iddide
extend the monsoon season over North Vietnam, specifically the Ho
Chi Minh Trail. The targeted areas experienced monsoon seasons
extended by an average of 30 to 45 days. The motto of operation
Popeye wamake mud, not war

- Russian military pilots seeded clouds over Belarus afteCtienobyl
disaster to remove radioactive particles from clouds headiwgrtl
Moscow.

- During the July 2006 G8 Summit, Russian President Putin deplayed a
force jets to seed incoming clouds, intending that the rain shivajd
over Finland rather than the summit location. The attempt faiteld a
rain drenched the summit anyway!

- In Southeast Asia, large-scale forest burning produces a haze tha
pollutes the regional environment. Cloud seeding has been used to
improve the air quality by encouraging rainfall.

- For other interesting information, see the Wikipedia entry on cloud
seeding”

Air dehumidification

One of the side effects of the drought in Australia has bedovwanward
pressure on metropolitan property values as gardens die fooflacater. An
enterprising Brisbane company is selling modified refrigemaunits which
cool air and extract the moisture. One unit generates 50@ ldreday.
Compared with other sources of water, the process is extrerpEngve (the
units sell for $20,000 AUD) but apparently justified in some city bldgkghe
retention of property valués.

An Australian inventor claims to have invented a wind turbine which can
extract an average of 7,500 litres of water per day from th& dinis is
enough for a small village but the device is yet to be independently tested.
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Afforestation

It is well known that deforestation or land clearing has a majpact on local
hydrology. In Australia, the effect is to raise the watbtetaand bring salts to
the surface where they are concentrated through evaporation. Howewer i
now becoming clear that deforestation has another effect — dtlgirmpacts
on rainfall. Studies in the Western Australian wheat belt sugigaistirought is
as much a product of land clearing as it is of global warntiogv this works
has only recently been understood.

The wheat belt in Western Australia is the largest adlfiteature on the
Australian continent visible from space. One sees it as argeratmip of
cleared land, surrounded east and west by darker native vegetaionatlral
vegetation to the east is separated from the wheat belt ibp# paoof fence

that extends north from Esperance to Geraldton. It was originaigroed to
keep rabbits from invading the wheat belt, but today it provides an ideal
opportunity to study the effect of land clearing. The soil type awtbgieal
features are identical on both sides of the fence. The only differis that to

the west of the fence, the land has been totally cleared for cropping.

Since the clearing of the land, rainfall on the wheat belt helindd by 20%
with devastating effect on yields and soil fertility — a conseqeeof global
warming, one might presume. But the problem with this explanasicghat
over the same period of time rainfall to the east of the fensenlbeeased by
10%. According to Professor Tom Lydhst Murdoch University, who has
studied the weather on both sides of the fence, even the clouds owvetiviee
vegetation are quite different from those over the wheat belt. Wibgaites a
lot of water to grow and transpires a lot of moisture into th@saphere. By
contrast the native vegetation is frugal with water and yet c¢louds form
overhead. So what is going on?

It seems that the dark native vegetation absorbs much morthaedhe cereal
crops and the warm humid bush air therefore ascends high intortbspdtere
to the level where clouds are formed. Furthermore, the warm @asinzasses
through cooler air and generates turbulence which is also helpfuldod
formation. By contrast, the cold humid air above a wheat crop ldestad
does not rise into the atmosphere. It can be blown away by winds.

The conclusion from the Western Australian study is that it isiplesto
increase rainfall over land by maintaining tree cover andféiilare to do so
allows clouds to pass overhead and drop their water elsewhere. & iindi
appears that de-forestation makes the difference between claygbsndy their
rain over land versus over the ocean. According to Professor Lyomgotrer
has its effect on a scale of about 20 km. The take-home messags bring
rain.
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Inter-catchment Transfer
Water grids

The strategy behind water grids, and even their terminology, isedefrom

the electricity grid. The idea is to link multiple suppliers and goress into a
large network. This allows for more flexibility in providing powshere it is
needed and it increases security in the event that one genédraitat break
down. The Queensland Water Commission is preparing plans for a Southeas
Queensland Water Grid that will link dams hundreds of kilometrest&p
Their website claims the following advantages for a water grid:

It provides a network of two-way pipelines to connect major bulk wate
sources in the region.

It allows water to be moved from areas of surplus to areas of shortfall.

It allows risk to be managed at a regional level rather than storage
basis.

The proposed water grid will link three existing dams, two propaseds, a
desalination plant on the Gold Coast (currently under construction) and a
recycled water plant.

The Queensland government has even more ambitious plans. It has adthoriz
a $2 million feasibility study into the construction of a $7.5 billidB00 km
water pipeline from North Queensland to Brisbane over the next 50 to 100
years. The justification is that the north of the State hasiflewater** but it

is needed in the southeast to cope with population increase and dimaatge.

The pipeline would draw water from the Burdekin and feed into the s@ithea
water grid. Apart from the huge capital cost, the running costiikahg to be

more than $250 million a year.

The northern parts of Australia have always tempted the souththeithllure

of limitless water, and schemes to take that water southtdeast 100 years
old. More recently (in 1998) Western Australian MP Ernie Bridgengd that
Australia could be drought proof within 10 years using only a minute
percentage of the major northern rivers to achieve the result.nAtik i2006
State election, the Western Australian Liberals ran (and ¢tws) pledge to
build a canal from the Kimberleys to Perth. That would have bemmal of
some 3,700km and costing $2 billion.

Grandiose hydraulic engineering projects are usually rejectsd
environmentalists. Multi-billion dollar desalination plants, canals apdlipies
have one element in common — “faith in large-scale engineeringsd to
solve environmental problem&® But all too often such grand ideas turn out to
be grand follies. The Snowy River Hydro-electric scheme, it gsnbeng to
appear, may be no exception.
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The Snowy River Hydro-Electric Scheme

Australia’s greatest of all public works is the iconic Sndvguntains Hydro-
Electric scheme, an unquestioned marvel of hydraulic engngedBut at 30
years old it is beginning to look a bit sick. Grand idea or gramgl?féls might
be expected, the answer is hotly contested.

The Snowy Scheme brought new sources of electric power on lineetb f
industrial growth and it opened up vast tracts of land for irrigatedudigire.
Economic statistics tell a story of unparalleled success.dgfbgs value of
Australian agriculture in 1997 was about $28 billion. Much of it camma tiee
Murray-Darling Basin — Australia’s bountiful food bowl, as bigFaance, and
producing food and fibre worth $10 billion a year, about a third of it
attributable to irrigation waters diverted from the Snowy.

In fact, 99% of the headwaters of the legendary Snowy Rivee dieerted
through mountain tunnels into the Murray-Darling Basin. Put anotheranay,
catchment was killed in order to give life to another. But the igai# use of
water in the Murray-Darling Basin has created a litany ofiogs
environmental problems — salinity caused by a rising water w@éééuction of
wetlands that purify ground water, loss of wildlife habitats and @dsnative

fish due to polluting algae. It is also becoming apparent thaewvenh the
economic advantages are unambiguous. Lost agricultural production in the
Murray-Darling Basin due to land degradation, salinity and soil @noaias
estimated in 1998 to be around $220 million per year. In a 1998 ABC Lateline
program Dr Judy Messer of the Nature Conservation Council, NSW, stated:

Clearly the Snowy Mountains Scheme is ecologically flawed. tiiénet
is economically flawed or not is yet to be proven. But it may dutrthat
way in the future, if the lands go out of production because dfsalt.

Transporting water by ship

A business called “Solar Sailor Holdings Ltd.” is planning to SOpsuper-
tankers per year of water (500,000 tonnes per ship) from the west afoa
Tasmania to Sydney. The ships will be powered by wind and solarpowe
According to CEO Robert Dane, the business expects to make aghiH300
million AUD per year per city supplied. The economic feasibitifythe plan
has however been questiorféd.

Towing icebergs and towing freshwater in large plas tic bags

Towing icebergs to nearby ports was once considered a seriousfoptiaires
at high latitudes. However the melting of ice sheets due to glehahing
makes this a doubtful long-term option. Freshwater floats on sadt aadl it is
therefore theoretically possible to tow water over the oceanarge plastic
bags. But once again the economic viability of this approach is dobtful.
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Advantages of inter-catchment transfer

Allows water to be moved from areas of surplus to areas of deficit.
Allows risk to be managed at a regional level rather on arvithdil
storage basis.

Disadvantages of inter-catchment transfer
Water is expensive to move up-hill and even horizontally through pipes.

There is a real and demonstrated danger dfseonnectbetween the
ability to supply and willingness to consume. This is because the
environmental and social costs of wasteful consumption are not entirely
met by those who are profligate.

Figure 3: A cheaper way to transport freshwater over the ocean. The
world’'s first commercial merchant ship pulled by a giant hegh kite
aiding its engines to slash fuel consumption and cut greenhouse gas
emissions was launched in Hamburg™ I@ecember 2007. The SkySails
system purports to be able to lower a ship’'s annual avetsjecdsts by
between 10% and 35%%.

Indirect Potable Reuse

Indirect Potable Reusis the technical term for water recycling. The traditlona
urban water cycle works something like this. Water is taken &morelevated
river or dam, gravity fed to town, treated and then made availabléet
consumer. Typically the water is used once, for anything ftanking, toilet
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flushing to dust suppression at a building site. The waste waterngpumped
to a sewage plant (but not necessarily), from which the efflagntimped to a
downstream location or to the ocean. Thise-use urban water cycles
wasteful.

Recycling water, especially sewage water, is a contenticu® iand it has
taken a severe drought for it to become electorally possiblagtralia. The
genuine concern of consumers is that, given the great diversitrugs,
hormones and chemical pollutants ingested by people today, can weebe s
that those also will not be recycld.The chairman of National Water
Commission (as reported Fhe Age 1°' May 2007) argues that this problem
can be solved by technological innovation. He claims that recyslilhgnake
“unlimited supplies of urban water” available.

The truth is that people in most parts of the world are alrealgit a
unknowingly, drinking recycled water, because downstream towns anendr

on waters that have previously been used by upstream towns. Thenfiaict
wastewater effluent in a European river can be as much as'50%.

In planned indirect potable reuse, treated wastewater is oneafii returned
upstream to be mixed with native water and then treated agapofable use.
Critical to the acceptability of water recycling is tmtervention of multiple
barriers to remove contaminants. These barriers may include all or sime
settling ponds, filtering, reverse osmosis, dilution, sterilizing angl ofs
wetlands and aquifers for natural cleansihgiowever the entire process is
extremely expensive — better surely, to minimize water consamptithe first
place.

Water Storage

Homeostasis

The primary objective of water management is to supply watappfopriate
quality, when and where there is a demand for it. The policyesigds are
guantity, quality, location and timing. Behind this simple statdénlies a
deeper and more fundamental conchptneostasisHomeostasis is the ability

of a living system to maintain a stable internal environmerdpitee a
fluctuating external environment. It is tlsne qua norof life — indeed one
might say that the struggle to achieve or maintain homeossdgis. Simple

cells maintain a constant internal concentration of critical enij such as
sodium and potassium, and they expend considerable energy to do this.
Animals and plants maintain a metabolic equilibrium betweenaatk pf the
organism. The development of warm-blooded animals capable of maintaining
metabolic activity even in sub-zero temperatures was a momenftassome
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in the evolution of life on planet Earth. From an evolutionary point of view
seems as if the more a species can guarantee the constaisyindérnal
environment, the greater are the opportunities for it to develop soptestic
behaviours and to push the boundaries of life.

A common means of maintaining homeostasis igéervoir For example, a
reservoir of fat or starch enables plants and animals to hatamily accessible
energy to meet unexpected demands in an unpredictable world. Theireiserv
drawn down in times of hardship and replenished in times of plentg. Thi
mechanism is fundamental to life and is referred to in Sarkphdosophy as
prama trikong>® that is, equilibrium established through the triangulation of
forces. The intuition is that a triangulation of vectors (tHogees interacting
with one another) forms a stable structure, whereas larger palygoms of
vectors are not stable.

Interestingly enough, despite the critical importance oewfar life, very few
animals have developed the ability to store water internBien the camel
only stores water in virtual form as fat. Animals typicaltyopt thgust in time
strategy, drinking from a water hole when thirsty. This inadeguscthe
individual level is dealt with in human communities by collectippraaches
to water storage and management. Indeed, we may trace the stargnan
civilization by its ability to manipulate and store water. Toee idea is that
the more a society is able to maintain stable supplies of wih&egreater the
possibility to develop the social, political, military and culturadtitutions that
define human civilization. Nomadic life was constrained by the need f
proximity to clean flowing water. Subsequent to the development of
agriculture, the ability to construct canals and irrigate fields of momentous
importance, because it ensured a stable supply of water despiiektbress

of rain. This is as true in the modern capitalist era as it was 3,000 years ago.

In Sarkarian philosophy, a modern economy is a living system. dustlla,
animals and plants maintain homeostasis, so also an economy. A healthy
economy is one which can maintain a stable supply of the neegssilife at

stable prices despite the exigencies of weather, etc. Heowenunities
maintain stores of rice, businesses maintain inventories artdlegpimaintain
hedge funds. Homeostasis of the total economy is the result ofsall it
individuals and businesses maintaining their own equilibria. Even the home
refrigerator is a manifestation of homeostasis — it obviatep do the shops

after every meal.

Yield

Water management strives to maintain an equilibrium between theysuppl
demand and storage of water and to influence the biological and psychblogic
impulses that impinge on achieving that equilibrium. From a purely
engineering perspective, it is convenient to think of water resseun terms of
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reservoirs, inputs and outputs. Reservoirs may be lakes, dams, weifsrsaqui
or even, as we shall see, soil and tree roots. Input to surfaceoiesdepends
on springs, precipitation and snow melt in the upstream catchnmgnit tio
aquifers depends on the amount of water entering recharge ztwesufput
from a reservoir is the natural outflow plus that which is abstdafor human
use, theyield. Determining a sustainable yield for any particular catatnor
reservoir is surely the most contentious issue in water policy.

Consider the Snowy River whose water has three uses: 1) diveositie
Murray Basin to grow some 30% of the nation’s food, 2) to meet the ¢eds
the 6,000 or so inhabitants of the Snowy Basin and 3) to provide environmental
flows, that is, to allow the Snowy River to be a river. From agineering
perspective the third use was at one time not considered importameyseld

of the Snowy was the 99% of flow diverted to the Murray. But oncéen t
Murray, the water was over-allocated for irrigation. Indeed approved
abstractions from the Murray-Darling system amount to some 80%s of
average annual flow. No wonder the river is in trouble! In both rfzesins,

yield is at the expense of environmental flows.

Speaking on the ABC Lateline programpr. Judy Messer of the Nature
Conservation Council of NSW argued:

The water belongs to the public. It's a public resource which the origgat
are allowed to purchase under license conditions. If you are goingeo ha
healthy rivers, you have to allow the environment, the receiving
environment, to get enough water to keep the rivers healthy. $hat i
absolutely critical.

Responds Laurie Arthur, a rice farmer in the Murray Basin:

It sounds very easy — take water off the irrigators, let it run dowrivibe

and everything will be fixed. Well that’s not the case! Wiitan is on

this continent now and we have made radical changes to the lpadsca
and we have to address those changes and the only way we cas do it i
with profitable farmers.

Our profitability comes from our water use. We need that tatufity to
put back into our farms for all the environmental projects — we aregultti
in recycling dams, we are lasering our country. We are usgsgwater.
We need profitability to continue with that work.

Responds Dr. Judy Messer:

Well, the irrigators are the ones that are making the prefitthere’s no
reason why they shouldn’'t bear the cost. If there is a coghdo
environment then everybody has to wear it — it's as simple a¥ that.

Ideally, the yield of a river or reservoir should be determinedsbgbility to
supply over the long term while also maintaining a healthy enmient. In
practice, yield is determined by a balance of politicakguees, and once a
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population and its economy become dependent on a water supplynitoist a
impossible to turn off the tap. But the painful truth is that wateirfigation in
the Murray Basin is greatly over allocated. Past yieldsnatesustainable
because nature is turning off the tap.

Surface Reservoirs
Conserve water on multiple scales

We have noted earlier the advantages of collecting rain whéadsit— the
water is of high purity, it is easy to access and trappingrwaigh in a
catchment minimizes soil erosion. However, storing water wheralls
requires dispersed, decentralized storage facilities on multpless that is,
small house tanks, ponds, weirs, reservoirs and dams of various s&es. A
appropriate they can be interlinked by pipelines, canals, culvertsianels$ so

that water can be moved from regions of surplus to regions of deficit.

Debates about water storage in Australia are highly polarizeda [Eoncrete
example consider the Queensland government’s intention, announced in 2006,
to build a large dam on the Mary River at Traveston Crossing 20fem

north of Brisbane. This dam will have a surface area larger Salney
Harbour, it will inundate 600 to 900 farms (numbers have varied betwee
announcements), wipe out a small community and threaten a spédieg)

fish having great scientific importance. The government is malsrgpage with
dramatic photos of dry dams and the threat of no water. The resioletite

Mary Basin are adamantly oppos&d.

What has been the environment movement’s response to the dam? The only
alternatives mentioned in a recent edition of ECO (a newspapesipedblby

the Sunshine Coast Environment Coutirilvere house tanks and recycling.

Of course house tanks and recycling must be essential ingrediéntstralian

water policy but it seems that, in the Queensland debate, therethisg
between a house tank and a huge dam. Such polarization is limiting our
options.

The power scaling law

An important principle of systems that operate on multiple saaléhepower
scaling law A cryptic version of this law might béhe smaller it is, the more

of them there areln the case of water harvesting, this translates into the
installation of very many house tanks but the building of very fegeldams.

But it also means the construction of intermediate size storémes weirs,
ponds and public water tanks of many siZes.

Why is this idea so important? Because the power scalingbdistn is
observed everywher&.In fact, it is observed so widely in the natural world
that it is thought to have survival value, that it offers resiliancthe face of
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external stresses and change. In the case of wasgeryoirs on multiple scales
(many small reservoirs, few large ones) enables local coniesindo have
control over local catchments but to enjoy the advantages of global
connectivity. It offers local security within global security.

Opposition to large dams

The power scaling principle begs the question — what is the maxiensibke
size for a water reservoir? Political opposition to large daassgrown rapidly

in recent years due to the social and environmental damage thatatinss.
Large dams are usually defined as those having walls overribeight and
holding 3 million cubic meters of wat&t Mega-dams can be over 100 metres
tall and hold billions of cubic metres of water — for example, teeah Dam
contains 168,000 million Mor 168 cubic kilometres.

China, the USA and India are the top three dam builders in the woolt. dve

built for irrigation and proponents point to increased agricultural ptoakyc

and the ensuing economic benefits. But the benefits are not evenilyutiest.
Those downstream benefit but those upstream tend to be losers, Igspecia
displaced families. Since 1947, the 4,300 large dams built in India have
displaced over 42 million people, predominantly indigenous minorities. When
the Mekong River in Thailand was dammed, the numbers of fish, staple food of
the locals, dropped by two thirds. But because dam management &izedtr
local populations did not derive equivalent compensating benefits. Proponents
of large dams simply ignore the negative social and environmental
consequences. Opponents argue that a larger number of small reseoudd

have the same benefits for agriculture without the severe envinbainsnd
social consequencés®? ®3

Opposition to big dams is growing everywhere in the world and their
construction proceeds only where highly centralized power can squasdh loc
opposition®* People who promote centralized economic power are invariably
not interested in distributing its benefits. Hence in the hangestf water, as
with the other essential requirements of life, it is betterclmmmunities to
pursue a decentralized approach.

Managed Aquifer Recharge

Water enters aquifers in recharge areas and emergesdrofera in discharge
areas. We may analyze sub-surface water resources ianigevgay as surface
resources. They are stores of water having both inputs and outputaeand
wish to determine their sustainable yield. However there igieatdifference:
the input to storage ratio is much reduced and monitoring aquifer doas
therefore calculating a sustainable yield is difficult. Consequénit easy to
draw on sub-surface waters for a long time before the consegu@fce
excessive abstraction are realized. As noted earlier, Pentlesilsome 80% of
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its town water from ground aquifers but the devastating effect ail &mo-
systems is only belatedly apparent.

Some cities around the world have introducednaged aquifer rechargem

help replenish aquifers. For example, Perth has plans to return 208 of
treated sewage to aquiférsAdelaide already has such a system and Sydney
has an experimental system where stormwater runoff from readaptured
and returned to an aquifer which runs under the city from Centennlaltdar
Botany Bay. Just ten metres of aquifer are sufficient toovenmphosphate
pollutants and twenty meters to remove coliform bacteria. Buerwabves
slowly through the aquifer, taking ten years to traverse dhtetilometre
length.

Something to think about
Fossilized water

Water moves through the Great Artesian Basin at about one pet
year. The time taken to travel from recharge areas on ¢lseem slopes
of the Great Dividing Range in Queensland to discharge moumnaspri
in arid South Australia is around two million years.

Soils and Wetlands
Soils

A handful of average solil consists of about 45% by volume of minerHils, si
and sand, 25% air, 25% water and the remaining 1-5% is organic .n@itter
course these proportions vary greatly from soil to soil but the pminbte is
that soils can store an extraordinary quantity of water oventne eatchment.
The figure of 25% is typical for a loam soil that has beeuaratgd with water
and then allowed to drain. Of that 25%, about half is water dlaita plants
and the remainder is tightly bound to soil particles. The waterrdgplthpacity

of a soil is, however, greatly influenced by its organic matatent, enabling

a healthy soil to soak up water like a sponge.

We have already noted that harvesting water in a soil covetethment is
rather like catching water on the surface of a sponge. Howeleswsface
water is not necessarily lost to the water engineer. Ré#tleesoil, microbial
life and plant roots constitutel@ological reservoirof water. Thebio-reservoir
is yet another manifestation of ecosystem homeostasis — isastored in
times of plenty and slowly released in dry periods, thereby lgetpimaintain
an even flow of water in rivers despite seasonal fluctuations of precipitation.
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Trees are an excellent form of flood control, and planted in appropiates

within a catchment they mitigate the need for costly engingef
embankments, drains, etc. And of course water is purified as it passes through a
tree plantation. The planting of native water-frugal sped@sgariver banks is

an important water conservation measure. The most appropriate chtiee of
species will depend on the individual catchment and its function itatber

water management plan. The bigger objective is to restore tiegicial
diversity and ecological integrity of waterways.

Wetlands

The termwetlandis the more general and more modern name for swamps,
billabongs, ponds, salt-marshes, mudflats and mangroves. Wetlandsgise si
areas of land that have acquired special characteristicsfeomg wet on a
regular or semi-regular basis. The term also applies to depress the
landscape of our more arid regions that only occasionally hold wateér,
which, when they do, teem with life and become environmental focal 38ints.

Wetlands are a crucial component of the normal water cycle letdaess link
surface and sub-surface waters. Indeed in a country as flatstsla, surface

and sub-surface waters cannot be considered separate systemg.tirisiret
season, water flows as a sheet over the landscape. During theadon sthe
water shrinks to a chain of ponds. Water still flows but more glowl
sometimes on the surface, sometimes below ground. Wetlands are not
wastelands. Destroying a wetland breaks a link in a chain arghtiie water

cycle breaks down. Some additional benefits of wetlands include:

Wetlands improve water quality by removing, using or retaining mige
organic waste and sediment which is carried to the wetland withf fuowf
the watershed.

Wetlands reduce severity of floods downstream by retainingrveaid
releasing it during dryer periods.

Wetlands protect stream banks and shore lines from erosion.

Wetlands recharge groundwater, potentially reducing water shodagag
dry spells.

Wetlands provide food and other products, such as commercial fish and
shellfish, for human consumption.

Wetlands provide fish and wildlife, including numerous rare and endangered
species, food habitat, breeding grounds and resting areas.

Wetlands offer opportunities for recreation, bird watching, photograpty
outdoor education.

The Commonwealth Government of Australia is signatory to an inienaht
convention on wetlands known as the Ramsar Convention. This commits
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countries to maintain an audit of wetlands and to preserve and imprawve the
quality. Approximately 4,700 regionally important wetlands have been
identified in Australia. Those in the north tend to be in better condikian
those in the south, where grazing pressure, exotic weeds, fensls and
urban development continue to threaten wetland integrity.

Demand — Water Consumption

Demand Management
Water consumption is frequently divided into four categories:

Domestic consumption serviced by water companies.

Power generation — steam is used to drive generators.

Industrial — everything from beverage manufacturing to pulp mills.
Irrigation waters for agriculture.

More recently environmental uses of water have leapt into prongnem@ter
to maintain biodiversity and flows in streams. And of course therdeaser
uses of water for recreation (fishing, parks, sports) and art (e.g., fountains).

Worldwide, it is estimated that irrigation accounts for about 70%sabér use.

15% is used by industry and 15% for household purposes. The figures for
individual countries vary greatly depending upon economic development. As
might be expected, undeveloped countries use more in agriculture, develope
countries more in industry.

Water use in Australia is also dominated by agriculture. Tkeakidlown is:
agriculture 70%, households 8%, water service 8%, electricity and gas
production 6%, manufacturing 3%, mining 3%, other 2%he 8% household
consumption is divided between: gardening 106 kL (average annual volume
per household), bathroom 50 kL, laundry 39 KL, toilet 32 kL, drinking and
cooking 23 kL and miscellaneous 10 ¥ Statistics such as these are useful
because they inform efficient water saving programs. No wondeg#nden
watering is the first activity to be banned in a drought.

As noted earlier, the modern trend in water policy is to place seraphasis on
limiting demand and to make more efficient use of limited suppBepply-
driven policies are not sustainable in a world where water isnfiago
relatively scarce. Factors that have forced communities to adepind
management are:

Climate change: Catchments which once received rainfall ltaldihs no
longer do. Rain appears to fall more frequently over the ocean oagaspl
where it is not easily captured. People in hot climates use waisx than
those in cooler climates. The average daily per capita wateurogtisn in
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Darwin is 522 L, in Brisbane 300 L, in Sydney 230 L, in Melbourne 220 L
and in the UK 150 L. Thus within Australia the current mass magratf
people from the colder southern States to warmer Queensland isgplaci
increased demand on the nation’s water.

Population increase and changing demographics: Even if population
remains stable, changing demographics have a remarkable influepee on
capita consumption. For example, a single person household consumes
about 220 litres per person per day (Lpd) compared to about 100 Lpd in a
five person household. The trend to single person households in Australia
will increase water consumption even if population declines slightly.

Higher expectations: Affluence has increased per capita consumipti
recent decades. Up market houses, often with a swimming pool, use 225
Lpd versus 96 Lpd for poorer suburban hod8es.

Pollution of surface waters by chemical and organic pollutantsnatigg
from both our agricultural and industrial practice.

Increasing rates of ground water abstraction which have depleted aquifers.
Increasing public opposition to large dams.
The need for environmental flows.

Two obvious targets for reduced consumption areothe use urban water
cycleand agricultural practices. We consider these separately.

Reducing Urban Water Consumption

Demand management to reduce the consumption of potable water is the mos
easily achieved water policy initiative required in Australiamakes both
economic and environmental sense. Indeed a r@pmymmissioned by the
Mary Valley local governments (those affected by the afergimoned
Traveston Dam), calculates that realistic demand managephesntwater
recycling would obviate the need for a new dam over the next 56. yHae
report calculates that demand management options are cheapaitteéngpting

to increase water supply — $1.15 per kL of water saved versus $3.00 fmer kL
supply water from the proposed Traveston Dam. The main savingsfaomme
reduced pumping of water which is energy expensive. If one alsordan
greenhouse costs, then demand management is even more cost effective.
Demand management buys time for governments, delays the woeed f
expensive infrastructure and reduces operational costs. Demand manage
options typically include:

Retrofitting more efficient infrastructure — by far the most costlyoopt
Rebates for water efficient equipment and water tanks.
Restrictions on use of water for non-essential purposes, such as car washing.
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Advertising campaigns to change consumer behaviour.

Repairing leakages from the public reticulation system — repartadcount
for up to 20% (even 50%) of public consumption.

Incentives to change industry practice.

An essential component of demand management is to fund researamatito s
scale water technologies so as to proneatenomies of decentralizatiohhree
quite simple measures are:

Quality management: Water of drinking quality is required Viery few

uses — for drinking, cooking, bathing and washing dishes. Lesser quality
water is required for gardening, washing the car and flushingstoie
efficient water system would supply water of a quality appropriar its
intended use. This could be achieved, for example, by supplying each urban
house with dual reticulation, one for drinking quality water, the otber f
lesser quality water. Clearly the costs of dual reticulationlevhave to be
justified by savings elsewhere.

Dual water supply: One step in this direction is the increasipgpular

dual water supply, where houses install rainwater tanks. By appeopria
plumbing, rainwater becomes the preferred source for selectedruseser

to guarantee drinking quality water from urban house tanks, kitchehbe
water treatment plants are now available that remove impubgiereverse
osmosis — an impressive example of scientific research promoting
economies of decentralization

Household recycling: Wastewater from showers and hand basins could be
given basic treatment and then used for gardening purposes.

Reducing Agricultural Water Consumption

There are three major policy initiatives: 1) the introduction diewafficient,
drought tolerant crops and animals, 2) the introduction of efficieigation
technology, and 3) efficient farming practice.

Water efficient plants and animals

Farm products vary greatly in the water consumed. The figuré&able 1
suggest that Australia should not use irrigation water for egstNot only is
meat production profligate in its consumption of water, but the economic return
per litre of water consumed is the lowest of all farm commodities (dele Za
However it is dairy, cotton and rice that are the biggest actsais of
irrigation water in Australia. 25% of the Murray-Darling iaigon water is
used to grow just one crop — cotton. In times of drought questions areg rightl
asked about the justification of growing such crops in an arid contiOdmer
crops, especially fruit and vegetables, offer higher returns for lese wate
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Table 1: Water use by crops

Among the cereals, rice uses twice the water of wheat armb nMillet

is the least thirsty. For the same amount of water as smghum
produces 4 to 5 times more protein and yields three times morehfaod t
rice.”* Figures in table are from Leamé&n.

Product Litres of water required per
1kg or 1 litre of produce kilo of product
Fine wool for suit 685,000
Wool 171,000
Steak 50,000
Butter 18,070
Cotton 5,300
Rice (white) 2,385
Rice (paddy) 1,550
Wheat 1,010
Citrus juice 780
Milk 600
Maize 576
Wine 360

Table 2: Economic returns of water used
The figures in this table are derived from a table in Leafhan.

Commodity Return ML/hectare % of all
$/Megalitre irrigated lands

Vegetables 1,295 3 2.6
Fruit 1,276 7 4.4
Grapes 600 8 5.2
Cotton 452 7 155
Coarse grains 116 3 3.5
Dairy 94 7 39.5
Rice 31 11 11.3
Sugar cane 21 7 8.0
Beef 14 4 7.2

Rice growers are understandably defensive about their huge nftastr
investments. They point to scientific research which promiseto gce with

30% less water using a combination of no-till technology and drougdratudl

rice varieties”* Inefficient water practices persist because water iprogterly
costed. A combination of triple bottom line accounting and government
regulation to prevent old world approaches (rice/flood irrigation) would
accelerate the introduction of efficient farming practices.
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Irrigation technology

In many parts of the world irrigation is essential for agtimel but unwise
irrigation has incurred great costs. Somewhat belatedly the aMastr
government has initiated a $10 billion National Plan for Water 8gcuoruch
of which will fund the following programs to increase irrigation efficiency.

Losses: In the Goulburn-Murray irrigation system alone, evaporation, leaky
irrigation pipes and seepage from channels are estimated to lo$&l 9€éch
year!® That is enough water to supply the entire city of Melbourne dar f
years. A major component of the Commonwealth government’s water spending
is to repair leaks, move water through pipes rather than openethand to

build enclosed reservoirs.

Trickle irrigation: Irrigation water sprayed into the air results in about 70%
loss due to evaporation. By contrast flood irrigation (for rice) saisater
tables and mobilizes salt. The expensive alternative is to delster directly
where it is needed, by trickle underground.

Dry root irrigation technology: Developed by Australian scientists, dry root
irrigation is used in grape crops around the world as a precisdoroabot
watering. It reduces evapo-transpiration and water needs by5(946° The
technology also appears to work for citrus and pear. The tritk sipply
trickle irrigation underground on two sides of a plant. The water ligeded
alternately through one side and then the other. The roots not receateg
send a signal to the leaves to use water more frugallye wiater supplied on
the other side maintains yield. The downside is that the technegueres
highly skilled management and is not easily transported to ThirdldWor
agriculture.

Precise long-range weather forecastshe Australian Government is funding
satellite receiving stations, a radar rainfall network andageg to computer
infrastructure. The goal is to improve long-range forecasting whiltlemable
farmers to plant crops appropriate for the season’s expectedllasd
reducing demand for irrigation water.

Something to think about
Should we use water like this?

- Cubbie Station is an 80,000 hectare property in Southeast Queensland
on the headwaters of the Darling River. It produces cotton. ibatiera

very thirsty crop, the property has the largest private idafustralia. It

is only five metres deep but more than 30 kilometres on asidinat it
stores more water than Sydney HarbGurocated in a hot climate, the
dam loses an equivalent of two metres of water each yeaapomtion.
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As drought hits harder, there are demands for the government to buy the
station and shut it dowfi.

- BHP Billiton extracts 34 Mega litres per day of water frtme Great
Artesian Basin to feed its copper and uranium mine at Olympic iDam
South Australia. The State government allows the compargke the
water for nothing. In fact, the government has approved tripliagsitte
of the mine and the company is seeking approval to increasskéot
water to 150 Mega litres per day every day for the next 7Gy&aat's
60 Olympic swimming pools of water a day, for the lifetimehaf imine,
for free. It amounts to about one third of the artesian watelirfgpimto
South Australid?

Efficient farming practice

There are three major issues concerning water use in modécoltage: 1)
reduced water retention on farms caused by land clearing hed t
mismanagement of wetlands, 2) pollution of waterways due to exeesse of
fertilizers, and 3) soil erosion. Here we focus on fertilizers and pollution.

Worldwide, agriculture is the biggest polluter of water, moréhao domestic
sewage and industry. Nitrogen fertilizers are the chief cubgdbuse they are
readily soluble in water and rapidly find their way into the reddy still
waters of lakes and ponds where they cause eutrophication.

Much of the nitrogen applied using conventional farming methods is not
absorbed by the plants it is intended to feed — hence the water golluti
problems. Less could be used if it were judiciously applied. Orgamaing
practice makes much more efficient use of applied nutrients.ekample,
experimental work by the little known Brazilian agronomist AnanBvest’
(brought to the attention of the English speaking world by Btihéhdicates

that common agricultural crops can be grown with much lower appisatf
nutrient with little reduction of yield. The science behind this is interesting

Orthodox plant nutrition adopts the Nutrient Quantity Concept (NQC) -ghat
apply all nutrients in sufficient quantity so that no one nutrient is limitielglyi
As an alternative to NQC, Bunch uses the results of Ana Primi@vadvocate
the Nutrient Access Concept. NAC is a more appropriate saiitfemodel
for ecologically managed soils.

That is, crop growth above a certain extremely low concentratmes d

not depend on the concentration of nutrients. It depends, rather, on the
constant access of plant roots to the nutrients, even whennhetents

exist in very low concentrations. The Nutrient Quantity Concept's
remedy of increasing the concentration of nutrients by applmge
amounts of chemical fertilizer misses the point almost entitvhat is
needed is a constant supply of even a very small but weldrda
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amount of nutrients over time, and the unobstructed access of plant root
to these nutrient&.

Plants compensate for the low nutrient levels by a flourish ofgumtth. As
long as water and low level nutrients stay available, pland gieés not suffer.
Fertilizer, applied in high doses at one or two points during a pliEetsycle,

has the effect of suppressing root growth. Furthermore, rain wastgsidle
nutrients leaving the plant late in life with both a deficient romtesn and
diminished availability. Interestingly, the examples that Bunch gesviin
support of NAC include practices that are familiar to sustainf@ieers; that

is, maximize organic matter production, keep the soil covered witm gree
manures and cover crop mulches, reduce tillage, maximize sdilvérsity,
and feed crops largely through mulcfi#s.

The NAC approach to farming recognizes that the soil is a caneplesystem,
not just an inert matrix to anchor plants in the ground. A well-mahagé
displays tightly coupled cycling of nutrients between soil organemisplants.
Nutrient levels in the soil may not be overtly high but the rhizogpher
metabolism ensures that plants have access to a constant suppigrrirore,
organic matter in the soil retains the moisture necessaypport ecosystem
cycling of nutrients.

Something to think about
How the Israelis do it

Australian irrigators visiting Israel are in awe. Idrhas an arid climate
like Australia but the average annual per capita water congsumpk
Israelis is about one-quarter that of Australians. (See Appéngikwo
thirds of Israel's water originates in the River Jordantie Golan
Heights — hence the strategic importance of the area. ThefSaalilee

is the main storage. According to Fullerton, “Dams on the faemtze
norm, using artificial liners to prevent seepage. And whereassalall
water in Australia is used just once, in Israel... therage bucket of
water is used between five and seven times! For example, whieh
may have been pumped from 800 metres underground is used first for
tourist spas... then to warm hothouses, and then on to different spkcies
fish (eels, then catfish). This now enriched water is thenntdke
hydroponic tomatoes and herbs, with the rest going to drip irrfogte
crops of olives, melons and alfalfa. Since 1984, the use diveter on
farms has halved while the value of production is still risfiig.”
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Land Use

Sustainability
Defining sustainability

Acknowledging the requirement feustainabilitysets fundamental constraints

on human activity, whether in the economic, social or ecological ardine
context, of course, is the addiction of modern capitalism to growghworld

where the limitations to growth are increasingly appareiieLsurprise then,

that there are over 100 definitions sistainability The definitions may be
scientific but the battleground is ideological. In the realm of ledial and
political discourse, sustainability ranks as one of the ‘big idéalsas a global

reach that transcends national and cultural boundaries. It is, for example, one of
four Core Concepts discussed at the 2007 Universal Forum of Cultures
sponsored by UNESCO, the others beguitural diversity knowledgeand

peace These four themes were chosen because they encompass the vast
majority of issues and problems confronting humanity today.

One of the most cited definitions of sustainability is that propdsedhe
Brundtland Commissidi — sustainable development is that which “meets the
needs of the present without compromising the ability of future geaes to
meet their own needs”. A process is sustainable when it cearthed out over
and over without negative environmental effects or unacceptable ocsitgy t

of the stakeholders involved.

While sustainability sets constraints on human activity, we canagproach it
as a liberating concept — as about design.

It is a concept that recognizes that human civilization is an integtadfpar
the natural world and that nature must be preserved and peepeifuie
human community is to sustain itself indefinitely. Sustainalglsign is

the philosophy that human development should exemplify the principles
of conservation and encourage the application of those principtag in
daily lives.

“In order to integrate ecology and design, we must mirror natdeeg
interconnections with our own way of thinking about design. The concept
of sustainable design holds that future technologies mustidanetth

the way nature work¥.

Dimensions of sustainability

Sustainability has economic, social and ecological dimensions. iyohlh
human activities have consequences in each of these three dimersiaes, s
are confronted with competing assessments of sustainability. \/éedhr@ady
come across this in the debate about environmental flows for the yMurra
Darling Basin. While environmentalists argue for the importanceivelr
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health farmers argue for the necessity fafrm profitability. This debate
exposes a fundamental divide between views of the world which place
ecological sustainability as the absolute long-term constrargus those
which place economic sustainability as the absolute constrainbrding to

the economist’'s worldview, healthy businesses are necessary teat@ot
entrepreneurial adoption of resource efficient technologies. Consiger th
excerpt from an editorial ofhe Australiannewspaper (& February 2007),
commenting on Dr. Tim Flannery’s award as 2007 Australian of the Year:

Professor Flannery is a well-documented global warming eidtem
[He] predicts sea-level changes of many metres. Such hypésholéne
with his deep-green anti-development, anti-immigration crealenti
[He] should be asked to justify the immediate social cobtstopping
coal exports, both here and in the countries that rely on Austretial
for their electricity and jobs. The Australiarsupports the position ... to
seek a technological solution that can be exported to assistotiek iw
meeting the climate change challefige.

But the reality is that environmental degradation is proceediagoace much
faster than the adoption of ameliorating technology. As the presidehie
Australian Conservation Foundation warns:

The economy is, of course, crucially important, as is the soei&be&ing

of our citizens. Both now depend on urgent action to deal with our
environmental problems. Unless these problems are recognizedklthe
intentioned attempts to improve economic and social indicators are
doomed to faif?

A matter of scale

Definitions of sustainability vary according to the scale of'©m@mediate
concern — and this is a serious problem when it comes to adoptiaghabkt
practice. Farming offers a good example. Typically at the padtivel, the
dominant constraints to sustainability are agronomic and the goab i
maximize vyield over several seasons. At the farm level, the rdomi
constraints to sustainability are economic — to keep the farng gaira viable
business over the farmer’s lifetime.

At the landscape or catchment level, the dominant constraints sonsumslity
are ecological — for example, it is necessary to maintain atbegueer and
nutrient cycling to sustain life in the catchment. At the rediamanational
level, the main sustainability constraints are macroeconomid 4stha export
sufficient produce in order to maintain employment, to import machirtery
sustain rural community life. At the global level, the constraanésonce again
environmental, with the current focus on climate change (Figure 3).

This, at least, is how the economically developed world curreothgtoucts
sustainability. But in reality, ecosystem dynamics recogniaéher political
boundaries nor abstract human constructs. Rather they operate orlesl] sca
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from the paddock to the planet. Which brings us to a fundamental pridaiple:
order to achieve ecological sustainability on multiple scales, itserdggml to

adopt land use plannindg.and use planning begins initially at the landscape or
catchment level but the results of it filter down to the famd paddock level

and they filter up to the regional and global levels. The Westentd has
evolved social and economic systems where no one person or group takes
direct responsibility for what happens in a catchment. Individual diesm
answer to their farm and politicians answer to macroeconondes.
Landscape or catchment management falls through the cracks,wasej
inadequately cared for.

Figure 3: The sustainability of agriculture is defined differerdllydifferent
temporal and spatial scal

Measuring sustainability

How do we know in practice whether a particular human activity is
sustainable? Can we measure it? Economic sustainabilityyrasvhadefined
in modern economics, is easy to measure — it depends on continued
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profitability under competition. Social sustainability revolves arouhd
concept of social capital and sociologists have even developedrewastit.
But how do we determine ecological sustainability? It is now rgdige
accepted that ecological sustainability has four components reflectinitine s
of four fundamental ecosystem processes:

The cycling of water.

The cycling of nutrients.

Flow of energy.

Biodiversity and the relationships between species.

These processes operate only within certain limits and theyntaneately
interconnected with one another. Since human society can exist ohip wit
nature, all human economic, social and political activities musghately
operate within the limitations of these four fundamental processes. |
modernity (that view of the world, espoused in tfe Australianeditorial
above, which expects technological ingenuity to overcome all obgtacles
progress is about conquering the limitations posed by nature. In tlugieadl
worldview, progress is about working with them, leveraging them.

Something to think about
Sustainability is finely tuned

Ecosystem dynamics depend on four fundamental processes: the cycling
of water, cycling of nutrients, flow of energy and species act@ns.
These four processes are intimately intertwined. As amgbea consider

the following relationship between ocean bacteria and climate change.

Algae living in the oceans produce large amounts of the substance
dimethyl-sulpfonio-propionate(lDMSP). DMSP is broken down by
marine bacteria to a volatile compound known disethyl-sulphide
(DMS). DMS enters the atmosphere and contributes to the caiaens

of water and the seeding of clouds. On a global scale, cloud cover
regulates surface temperatures. Note the conjunction of riutgieling
(marine bacteria contributing to global cycling of sulphur), wayeting
(sulphur compounds affect cloud formation), energy (cloud covectaffe
the proportion of the sun’s energy retained in the atmosphere) and species
diversity (the cooperation of diverse species to processhuaulp
containing compounds and cycle it around the planet).

It is well within today’s technology to genetically modify beria to
produce DMS at a faster rate. One can imagine seeding the auéans
the modified bacteria in an attempt to modify the balance of cloud
formation — the use of DNA technology to manage climate change.
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Agro-forestry

This section proposes thagro-forestrymust become the dominant form of
agriculture in Australia and indeed in all parts of the word wheres can
grow. According to Colin Tudge, author of the widely apprecidiee Secret
Life of Tree$® agro-forestry “offers one of the principle hopes for a
sustainable world” — it is “one of the great hopes for the futdre& logic is
simple — we have to maintain a large portion of our continent coverteees
but we must also farm the land. The two activities in Australia have for she pa
200 years been considered antagonistic concerns — land-cledlingnss to

be viewed as a necessary pre-condition for profitable farnmin@Queensland,
land clearing is a potent political issue with farmers resblubpposed to
attempts by the Queensland government to restrict cleamngland
management revolution would integrate forestry and farming intanglesi
enterprise. The psychology which places farming in opposition totifpres
appears strongly associated with the Anglo-Saxon tradition. Biibaig ago
felled its forests while Germany and other central European raesimétained
them as an integral part of their culture and economies. Even tduay, t
German landscape is a patchwork quilt of crops, forest and villages.

There are many advantages to maintaining land under trees:

Tree cover encourages rain to fall as already described.

Trees and plant cover in general allow organic matter andfrganisms

to build up the soil encouraging the bio-storage of water.

Trees plus healthy soil purify passing water.

Trees bind the soil and prevent erosion.

Trees are a carbon sink and now considered an essential part ihtibgys

to combat global warming — biosequestration. Indeed, after burnimgsf f
fuels, tree clearing is the second largest contributor to greemlyases. It

is not just the burning of trees, or the loss of a carbon sink. Sub-soil
processes particularly in peat forests release huge amoutasboh when

the trees are cut.

Forest trees provide food for honey bees in the off-season when human
annual crops are dormant. In Australia, honey bees are responsible for
pollinating one third of the food we eat and they pollinate $2 billiorttwor

of agricultural product. The pollinating service provided by beés isore
important than their honey. The rapidly growing almond industry isojust
example of a crop totally dependent on pollination by bees.

Forests provide homes for birds — birds that eat insect pestsniphat
otherwise be sprayed with insecticide — birds that eat seed$ wlic
transferred around the landscape.
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In short, trees are at the heart of terrestrial ecology anydapléal role in both
the local and global circulation of water. How can trees also be@mital
component of feeding the world?

Colin Tudge considers the overwhelming predominance of cereals in the
world’s food basket to be partly an accident of pre-history. ¢ihtnhave been
different. Tree crops, such as olive, coconut, macadamia, avocado, pistachi
walnut, cashew and almond to mention just a few, offer highly contemtra
calories and nutrients. If cereals had not existed, says Tudge, human
civilization would have flourished nonetheless on tree crops. And iméggne
possibilities if as much effort had been applied to maximizingyiedds as has

been devoted to cereal yields. In addition to the above advantages, tree
prunings have multiple uses. And once trees stop producing, their wood can be
used for construction and furniture. The trunks of old rubber trees prawid
excellent cabinet timber and earn Malaysia and Thailand billiorkldrs in
export earnings.

Something to think about
Can planting trees halt the spread of dry land sali  nity?

Dry land salinity threatens to become Australia’s worst enwrental
disaster. Clearing trees over large swathes of land has tingsénely
tuned balance between water, trees, soil and salt. In May 2000, Pete
Garrett (then president of the Australian Conservation Foundation and
now Minister for the Environment) announced that it would take the
planting of 40 billion trees over the coming decade at a cost of $65 billion
to remedy the problem. Seven years later, nothing like thgettdras
been reached. One of the problems is the traditional antagonisroaaf

acre farmers to trees. And not all scientists agree¢ipdnting trees can
solve the problems caused by clearing them. Full¥tguotes a top
CSIRO scientist as saying, “Trees [as a remedy for dry land salirgty a
waste of time for most of Australia.”

So what are the problems? First, some 50% of a salt edfeatchment
would have to be treed, which, Australia wide, would be a huge cost.
Second, trees transpire a lot of water, thus reducing availsiky for
irrigation. Planting trees may be good for the environment histhad

for irrigators — at least that is the claim.

The response of environmentalists is that much of the waterblos
transpiration is returned to the land as rain. Furthermore, hhdes
provided by trees reduces pond evaporation and their roots hold a lot of
water which is released in times of drought.

Clearly more research has to be done. But one difficulb tremains.
There may be large areas of Australia that should never baen put
under agriculture. This dilemma brings us to a contention déaBan
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Ideal Farming* that it is better to attempt to increase the productivity of
existing fertile land rather than to bring marginal land into production. On
the other hand, Sarkar clearly supports irrigation farming armbimes to

the Israelis as a model.

The challenge is to find ways to integrate trees with farmimges provide
many services to farm animals. Well spaced, they act as bvaaks. They
ameliorate diurnal fluctuations in temperature and of courseqe®hade and
shelter. Leaves, twigs and other prunings in many parts oftlel are used
for animal feed. Pigs and poultry scavenge the forest flooovielg weeds,
seeds and insect pests.

Tropical forests offer many opportunities for agro-forestryabee of the
diversity of animals and plants that they support. Coffee and teastiorer
the shade of taller trees. But the buttresses and shallow rowtpioil trees
are easily damaged by hard hoofs and indeed it is now welllisetad that
trampling cattle and sheep have done irreparable damage to Awmstrali
wetlands. In this regard, the soft padded alpaca from South Amesida h
great promise. The number of alpacas in Australia is nowowvell 20,000 and
although the industry is small in comparison to the sheep industryjnie f
fibre produced by Alpacas earns a premium. In an agro-forestrigication,

the Alpaca could do well in Australfa.

Australia is home to many plants having nitrogen-fixing nodules —t mos
famously the Acacia (Wattle). Nitrogen-fixing nodules not onlybémérees to
grow in the most infertile of soils, they also leak nitrogéreby enriching
the soil and benefiting companion crops. Consequently leguminous tresds are
special importance in agro-forestry.

Tree crops often take 20 to 30 years before they deliver maxiyield.
Therefore mixed farming, using the spaces between treasHher crops and
animals, ensures that farms become productive earlier.

Australian governments are promoting tree plantations for both goodaaind b
reasons. A South Australian government scheme is in the good catégory
aims to plant 2.5 million trees on private and public land along theayiu
River corridor to promote bio-diversity and carbon sequestratiomthe bad
category are plantation forests financed by Commonwealth govetnme
sponsored Managed Investment Schemes (MIS). These attraedags city
investors because they offer tax breaks but it is not atesdl elhether these
get-rich-quick plantations can survive in the absence of generous tax
concessions? The disastrous effects of MIS plantations are felt in Tasmani
where water hungry eucalypt forests are drying up neighbouaimgsf® As
Tudge warns:
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Eucalypts are famously desiccating, with long tap roots regaown to
the ground water, transpiring long after other trees hawengiyp. They
may create drought around them and Kkill surrounding trees if plamte
the wrong place.

Planting the wrong tree in the wrong place for the wrong reasamsot be
justified on environmental grounds and ultimately it will also fail
economically.

There are a multitude of possibilities for agro-forestry in falist because the
country has a diversity of climates. The challenge is to geght in each
location. Here are two possibilities, but there are many others:

Guayule rubber

Over 2,000 rubber producing species are known worldwide, but only two,
Hevea brasiliensisand guayule Rarthenium argentatujn have been
commercially exploited for natural rubber. Tod&lgveais essentially the sole
source of natural rubber grown in tropical parts of the world. Gleagn the
other hand tolerates arid and semi-arid conditions and would do well in
Australia and many other parts of the world. Rubber plantation wdddious

but could be made more interesting if trees were grown in a nageat
forestry plantation with other crops and animals. Guayule rubber Heas t
potential for commercialization as a non-allergenic natural ruitber marked
increase in use of protective coverings following the HIV epidehms
resulted in an explosion in the number of people sensitive to rubbee O
sensitized, a person is unable to undergo surgery unless non-allewggmal
equipment is available. Guayule is the only plant which can produce this
product?’

Diesel trees

This incredible tree from Brazil (botanical nantopaifera langsdorf)i
produces a biofuel that can be tapped directly to power trachorsother
machinery. A one hectare plantation could feasibly produce 12,000 litres of
fuel a year, enough to make a small farm completely selicgrit. A Mackay
nursery (in Queensland) is growing trial seedlings which thniveropical
conditions. Many other species of tree can produce oil but the advarftioge
diesel tree is that its sap can be placed directly in eeldiesk without
expensive processing. When the trees reach a 30cm diameter,is driled
into the centre and a tight-fitting pipe installed and plugged.fif$tefuel can
be tapped after seven to nine years, but it takes 15 to 20 yeaeefotd reach
maturity 28

To Burn or Not to Burn

Knowledge of fire — how to make it, preserve it and use it s pat of the
toolkit that the first Aborigines brought to Australia. As they mowvdahd into
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increasingly unfamiliar landscape, they learned how to putdifteand make a

good living from both plants and animals. In considering the purpose of
Aboriginal burning, most have assumed that it was to drive animtalgraps
where they could be slaughtered, but &airgues that it was more likely to
have been an agricultural practice. Periodic firing every tlyeses or so
prevented tree cover from becoming dense and encouraged the growth of
herbaceous and tuberous species, which were a major staple food, @hearl

use of fire in this way was a skilful practice perfected osemturies and
entirely sustainable.

There has been much debate among ecologists over the statusafahaah
ecosystem. Is it a natural climax vegetation or is it aefast of human
occupation and, in particular, of the use of fire? The question is ulliffic
because the landscape type has been so stable for many thousaedss.of y
According to Flood® the current consensus is that both in Africa and in
Australia savannah is a human creation. Indeed Tim Flafférgs described
the Australian landscape as Amoriginal artefact Left to its own devices
savannah eventually returns to a dense cover of trees. For examgmuthern
Victoria land which in the 1800s had a cover of 20 trees per hdotiag has
3,000 trees per hectare. Fire has been used for so long by Aborgires
resource management tool that Australian ecosystems, itss @adt even
animals have adapted to it.

In a review of Aboriginal land management, Bowrfaoncludes that “fire
was a powerful tool that Aborigines used systematically and putplysever

the landscape®® The use of fire was skilful and central to the maintenance of
the landscapes subsequently colonized by Europeans in theet®ury'®
Bowman also recognizes that the impact of Aboriginal burningme ‘of the
most complex and contentious issues in Australian ecology”, adding:

This issue is not only important for the development of a canepsve
understanding of the dynamics and evolution of the Australian lota,
is central to the formulation of appropriate strategiesterconservation
of the nation’s biota.

Catastrophic bushfires in Victoria in March 2009, in which more 2o
people were burned to death, have greatly added to the political inteittie
debate about using fire to manage the Australian landscape. Etelbgd
been winning the argument that regular burning is destroying afiassr
biodiversity and local councils had placed limits on the amount of buamdg
land clearing. But after the bushfires of March 2009 which werthalimore
intense due to a build up of combustible biomass, political sentiment ha
inevitably swung the other way.
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Landscape Design for Farming
Natural sequence farming

If much of Australia’s arable land is to be covered with trees; do we grow

our broad acre wheat, barley, oats and other annual crops? Accordlateto
Andrews'® we have to make more efficient use of the land under annual
crops. Andrews has developed a land management system npatiacl
sequence farmingased on more than 30 years investigation of the Australian
landscapeNatural sequence farming based on a theory of how nutrients and
water move through the Australian landscape. Andrews believigsytlcareful
management of water and nutrients it is possible to recreatswampy
meadowsand chains of pondghat were a feature of a healthy Australian
landscape before it was destroyed by European farming metNadstal
sequence farmingeconnects streams and rivers to subsurface waters. This is
important because Australian ecosystems function by allowirigrwa stay
underground for longer rather than remain on the surface where it evaporates or
runs to the sedatural sequence farmingitempts to slow the passage of water
through the landscape and to retain nutrients within a catchment.

According tonatural sequence farminghe ideal farm layout divides the land
into thirds (Figure 4):

One third forest on the high ground and ridges accumulating fertility
under trees.

One-third cropping on the mid-slopes exploiting fertility cardedvn by
water from the high ground.
One-third recovery area where trees, grasses, etc., capasseng

nutrients before they wash into water ways and are lost fronotiaé
landscape.

Tree prunings and hay harvested from the valley can be retwrtbé high
ground for mulching so completing the cycle. These figures ardardtand
fast, rather they attempt to exploit the way that nutrientscgcéed in the
Australian landscape. According to Andrewsatural sequence farming
methods allow farmers to achieve five times more productivityherctopped
third of their land, so compensating for the two-thirds under {Pées.
Essentially, trees create the fertility used by crops, and ferality is
transported naturally through the landscape by water.

Andrews claims thabatural sequence farmingnethods can rectify a range of
environmental problems, such as salinity, erosion, eutrophication ang risi
water tables. Proponents wétural sequence farmingoint to Andrews’ own
property in NSW, which retained a covering of green feed durimgcant
drought that browned off neighbouring properties.
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Figure 4: In natural sequence farming, individual paddocks, slopes |or
landscapes, as appropriate, are divided into thirds. Feisligenerated on the
high ground. Water carries nutrients downhill which feed mid-ground aogs
are then recaptured in the low ground. Hay and shrubs etc arstedrirem the
low ground and transported back up hill. This figure has been adépotm
Diagram 4 in (Andrews 2006) and reworked by Sahitya Graphics.

Natural sequence farmindinks to the work of Ana Primavesi described
above!®’ because the system retains moisture and nutrients in theasoil,
ecological soil management ensures that plants yield well. tNateAndrews
and other proponents of organic agriculture are not necessarily oppobed to t
use of slow release fertilizers to offset real losses tlwriand. However, they
argue that nutrient losses should be minimized and soil fertity loe
generated locally.

Permaculture

Permaculturewas developed in the mid 1970s by two Australians, Dr. Bill
Mollison'®® and David Holmgren?® as a set of design principles that could be
used to create stable agricultural systems. The termyistlaesis ofpermanent
agriculture and the design principles are a response to modern methods of
industrial agriculture which pollute land and water, reduce biodiyessid
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encourage soil erosion. At the heart of permaculture is the attengasign
landscapes which produce food by mimicking the structure and procdsses
natural ecosystems.

Although principally an agro-ecological design theory, permacultu® ha
developed a large international following of individuals who have subsequently
incorporated a range of alternative cultural ideas. One of thevatres isself-
sufficiency or self-reliance — to reduce reliance on industrial systems of
production and distribution, which permaculture advocates believe are
destroying the Earth’s ecosystems. To quote Mollison himsetgdth self-
reliance, the world’s most subversive practice! | teach people thogrow

their own food, which is shockingly subversive. So, yes, it [permaculisire]
seditious. But it's peaceful sedition®

Permaculture design principles draw heavily on the practical capioin of
ecological theory. Each component of a farm design is analyzedms of its
needs, outputs and properties. For example, a chicken needs water, mdoderate
microclimate, food and other chickens, and produces meat, egdeeréeand
manure while doing a lot of scratching. Design elements are fsemaled in
relation to one another so that the products of one element feegdbs of
adjacent elements. Chickens will eat waste from other pétiseofarm and
remove weeds. A successful design minimizes waste, fossitdnsumption

and human labour.

Permaculture focuses on maximizing the use of trees (agrstffgreand
perennial food crops because these make more efficient use of ¢hargy
traditional annual crops. Permaculture borrows freely from organicudtgre,
sustainable forestry, horticulture, agro-forestry and indigenousmsgof land
management, but its fundamental contribution to the field of eaalbdesign

is the development of a concise set of organizing principles thatbea
transferred through a brief course of intensive training. Telged to spread

the ideas more rapidly than would have occurred through a system of
university based education.

Perhaps because permaculture became associated with theiaddifestyle
movement, it has not received the attention it deserves from tneaims
agricultural scientists. Agri-business will not promote redeanto farming
methods that avoid their products. There have been criticisms, ontitedore
grounds, that permanent and therefore mature wooded landscapes cargot be a
productive as traditional farmland because, according to the thebry
ecological succession, net productivity declines as ecosystetngemaritics

also claim that existing permaculture projects are insufffilsiglocumented to
determine how successful they really are. One country wheneapelture is
claimed to have had much success is Cuba.
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Something to think about
Can organic agriculture feed the world?

Much of the debate about the sustainability of orthodox farmingdipeac

and the ability of organic methods to replace them hinges on nitrogen
(N). The main limiting nutrient for plant production in most partghe

world is nitrogen. So for some the key question is said to be — can organic
methods supply N in the same amounts as supplied by artificial
fertilizers? It is not just an academic question. At siakihe ability to

feed our planet’'s six billion people. Also at stake are thditpragri-
business derives from the production of artificial fertilizers.

The numbers read something like this. Agriculture consumes 6t
200 million tonnes of nitrogen fertilizer globally per year. 40%tdbi
manufactured artificially by the Haber process, while theareder
comes from nitrogen fixation of cover crops and recycled orgaaitem
Consequently about one third of the world's population, two billion
people, depend upon food produced with artificial nitrogen.

Modern agriculture has a “nitrogen addiction”, says Mary Wlitiee
argue$' that organic methods (green manures and cover crops typical of
the European Middle Ages) could not sustain six billion peopldeat,

she says, organic methods can produce about 200 kg of nitrogen per
hectare which will make 200-250 kg of plant protein, sufficient to support
about 15 people. In reality, farming in the Middles Ages, whether i
Europe or China, supported only about 5 persons per hectare. On the
other hand, White recognizes the environmental damage caused by
artificial nitrogen fertilizers and admits that ultimatebur current
farming methods are not sustainable. All of which leads tather
pessimistic conclusion (which is not actually stated in herep@t the
subject).

Proponents of organic agriculture draw a more optimistic coiclus
First, organic agriculture has come a long way since tradigliAges.

We have already referred to the work of Primavesi and Buvidbh
demonstrates how plants can be grown with smaller applications of
organic N. Second, organic N currently provides about 60% of the
world’s agricultural N, more than provided by artificial mea This
could and would certainly increase if the artificial N addittwere not
officially condoned by governments and departments of agriculture.

However the best evidence for the ability of organic methodsed the
world comes from actual comparisons of production by the two systems.
A recent meta-study done by scientists at the Universitiichigan,
Ann Arbor, USA, analyzed the data of 293 independent comparisons of
organic and non-organic plant and animal production around the world
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and showed that organic methods perform as well as, and sometimes
better than, non-organt¢?

The report makes two significant assertions. The first is ahganic
methods carprovide enough calories to support the whole human
population eating as it does today. The second assertion is tiogenit
fixing legumes used as green manures can provide enough biologically
fixed nitrogen to replace the entire amount of synthetic nitrogeitiZer
currently in use. The authors also note that theirs is notrtedport to

draw such conclusions, and that the scientific case for nmga
agriculture is now proven.

Integrated farming

Sarkar’s contribution to farming and landscape design is knowmteggated
farming It is, in many ways, similar to permaculture, but the motivatson
subtly different. His primary concern is to address poverty aaldutrition, a
reality of life for most people in most parts of the world. Hegrethe
principles of integrated farmingare also applicable to agriculture in the
developed world.

Integrated farming is better understood within the context of Sarkacio-
economic program known as Prout (tReogressive Utilization Theoyy An
important sector of a Proutist economy is what Sarkar patiple’s economy

the purpose of which is to ensure the production and distribution of the
minimum requirements of life, that is, basic foods, health carasihg,
clothing and education. The Proutist approach is to produce these minimum
requirements at the local level, that is, to decentralize ecaractivity so that

local people are empowered to produce their own basic needs and not to
depend on outside companies. In the case of food, Sarkar’s sisategyeate
anedible landscapesing the principles of integrated farming.

The main objective of integrated farming is self-sufficieaoyg in this respect

it is similar to permaculture. Communities should not be dependent adeouts
resources for their basic requirements. “An integrated approachrionta
should include cottage industries, energy production, research cengtes, w
conservation, etc. This approach will help make the farming progsdts
sufficient.”™

Sarkar’'s farming system promotes massive reafforestationgmsgwhich he
says are required both to manage the water cycle and to deatlwitte
change. It should be noted that he was concerned with the