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Abstract: General strategic planning principles for the growth of cities and mega-cities have not vet been
formulated. Further, land use planning and planning for services (mainly water) urgently require the
development of appropriate decision support systems (DSSs). To date, general population distribution
patterns have been researched for Australian and Polish cities, towns and rural arcas by the application of
integrated systems analysis (ISA). Population of rural areas in both countries has remained almost constant,
in Australia for the last 30 years and in Poland for the last 55 years. It may, therefore. be concluded that the
carrying capacity of land and water resources is limited and. as a result, distribution of population is self-
regulated and sell-organised. ISA and general models of population distribution patterns improve
understanding of the complex relationships between inputs = transformations = outputs. The prerequisite
application of ISA requires transformation of population data for each country under consideration for the
development of such a model. General models of populations in cities towns and rural areas may indicate
growth, a declining population or stable population. Two models have been developed for advanced
countries but there is a need to develop such models for developing countries. The paper also presents a
definition of ISA. Growth of cities may be simulated by the adoption of population distribution paiterns and
projecting of population growth at a national level. The application of ISA which includes long-term
population growth, distribution patterns, scenarios and uncertainty should create a powerful "tool" for
managing the appropriate development of regions and cities.
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1. INTRODUCTION Bangkok. In Australia [ABS, 1996a, 1996¢, 1998}
63 per cent of total population has lived in capital
Long-term land use planning and water resources cities,. It is possible to assume that such
sirategics  for growing cities camnot  be development iflustrates a pattern.
satisfactorily addressed without consideration of
population growth and definition of the anticipated An integrated strategy for managing uwrban water
distribution of population within a country. Some resources was widely discussed during Second
countrics have developed a single mega-city, World Water Forum in 2000 [UNCHS and UNEP,
while others have developed muitiple mega-cities, 2000]. However, principles for future growth of
and such situations should be 1aken into cities were omitted from considerations. It is
consideration when strategies are developed. Yu- postulated that a definition of constraints,
ping and Heligman fet al. 1994, p 22-24] relationships or 3 development patiern may be
observed that Thailand, the Republic of Korea, considered as bases for modelling of future growth
Bangladesh, the Philippines. Indonesia. Pakistan, and the development of decision support systcms.
Turkey and Iran cach contain only one A general model of population distribution pattern
megaiopoiis, and that each megalopolis s may be considered in relation to inputs =
generally between thres and four times the size of transformations = outputs, and such model is
the next largest agglomeration in the country. presented in Figure 1.
Further, approximately one-third of the wrban
populations of the Republic of Korea, Bangladesh, Currently population of rural areas in Australia is
and the Philippines reside in Seoul, Dacca, and presented as percent of total population of the
Manila, respectively. Jakarta, Karachi, Istanbul, country [ABS. 2000] and such approach is
and Teheran hold between 15 and 20 per cent of misleading. In addition, world wide growth of
each nation’s urban population. In addition, over cities is defined as anannual growth rate without
one-half of Thailand’s urban population resides in reference to national growth or the time when
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Figure 1. General model of population distribution pattern.

stable population of any couniry may be reached.

This growth is used for planning of water sources
for cities for different time horizons adopted in the
range of 15-30 years [ADB, 1994, UNPD, 2000}
with a few exceptions where a longer horizon of
100 years has been adopted [Soroczynski 1999
and 2000]. However, these time horizons are not
linked to population growth on a national level.
The discrepancy between time horizons adopted as
planning assumptions for cities and stabilisation of
population must be noted. Demographers assume
that the world population should be stabilised
within the next 100 years {Lutz, 1996], howaver,
for some countries thiz stabilisation will {ake
much longer.

The author of this paper intends to explain trends
of population distribution patterns which couid be
used for modelling of the future growth of cities.
in addition. this paper puts cmphasis on
application of integrated systems analysis (ISA)
and the consideration of population distribution
patterns as aspects of self-organisation and self-
regulation of systems within the boundary of a
country.

2, INTEGRATED SYSTEMS ANALYSIS

2.1 Background

A systems analysis approach (SAA) [Miser and
Quade, 1985 and 1988] has been defined as a tool
for the resolution of complex problems, More
recent examples of the systems analysis approach
to larger and more complex preblems are analyses
conducted for the development of principles of
Agenda 21, climatic change, and reduction of the
impact of population on the enviromment
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[UNCED, 1993; IPCC, 1996; UN, 1995]. These
reports have not referred specifically to SAA but
the fogic on which they are based may be
atiributed to the above way of thinking and
analyses.

To date, in relation to the management of water
systems a systems analysis approach has been
applied to improving the development and
performance of decision support systems.
However, the relevant water systems have been
analysed on the basis of catchments or regiouns,
without data concerning population growth on
national levels and distribution pattern of
population within a country. It, therefore, appears
that, to date, a systems analysis has not been
applied to the integrated management of
population, land and water resources in a broad
long-term context. As a consequence, planning
principles for sustainable management of water
sources for cities have not yet been formulated.

Further, it must be noted that in a systems
approach [Shaw et al, 1992] the concept of sub-
systems was used and this issue necds to be
elaborated. If the following examples are
considered  say, example [- population,
environment and climate, example I- agriculture,
environment and waier quality, example 3-
population, land and water resources and water
quality; the guestion arises which systems need to
be considered as sub-systems in relation to others?
The above examples iliustrate that all systems are
component systems only and, as such, must be
considered as integrated parts of a whole system.
Therefore, in relation to the concept of sustainable
development, the concept of sub-sysiems 15 a
conceptual mistake. This approach needs further
deliberation. Further, the explanation of a concept
of integrated systems analysis is essential.



2.2 Definition of I5A

Soroczynski [1999 and 2000] researched the
concept of integrated systems analysis (ISA} in
relation to general population distribution patterns
and land and water systems. Further consideration
of sustainable development and sustainable
systems requires that the previously adopied
definition be revised again. The author now
proposes the following definition:

Integrated systems analysis (ISA) can be defined
as application of the scientific method for
examination of complex problems impacted by
interdisciplinary  component  systems. IS4,
therefore, is a combination of theories and
fechniques for studving, describing and making
predictions, on the basis of inputs =
transformations = outputs of 'component systems’
or ‘components', which may be presented in the
format of differing scenarios. Such analyses of
component systems may need to be conducted
individually, or may need to be Integrated, and
may also need fto consider classification of
systems, adopted time horizons, and uncertain
conditions, where applicable. Further, these
analyses may be conducted using advanced
mathematical or statistical procedures. However,
the essence of ISA is not found in a collection of
quentitative techniques, but rather in a broad
integrated output of scenarios needed for the
development of appropriate decision support
sysierns and strategies relevant fo the maintenance
of sustainable systems. To clarify this concept. the
terms ‘component system’ and ‘component’
require  elaboration and  explanation. A
‘component system’ is almost synonymous with a
sub-system. However, a ‘component system’ must
algo be understood to be an integral part of other
related component systems. A ‘component’ 1S a
factor which influences decision making eg;
economic analysis.

Behaviour/performance of component systems of
distribution patterns, necd to be considered. where
applicable in relation io sustainable sysiems. In
addition. behaviour/performance or distribution
patierns need to be considered over time, The time
factor, past performance and future outputs of .
changes are the forces which drive impacts on
component  systerus.  However,  behaviowr/
performance of component systems or distribution
patlterns need to be understood over time and they
may indicate growth, a decline or stable
conditions, sec Figure 2.

Integrated systems analysis considers population
growth on a national level, and scenarios for
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Figure 2. Possible behaviour/performance of
component systems.

distribution of population within a country, under
uncertain  conditions. Scenarios may then be
developed on the basis of current trends,
appropriate selection of time horizons and the fact
that people live in cities or mega-cities, lowns and
rural areas. The reality is more complicated than
any general model and, as a general model cannot
provide all answers, such models need to be
periodically up-dated.

2.3 Time Horizens

Frederiksen et al [1994] commented that a
selected time horizon should reflect time at least
equal to the useful fife of the largest commitments.
However. Frederiksen did not provide practical
justification for the selection of a time horizon.

A definition of (ime horizons needs to be
consistent with human perception of the future and
also related to a demographic understanding of the
fatur. It must also be related to relevant disciplines
in order fo maintain sustainable systems.
Soroczynski [1999] postulated that:

‘Time horizons' may be understood to be mobile
points or dates in time which need fo be revised
periodically and extended into the future. Such
periodical revisions or extensions should be based
on new databases for a population growth
comporient sysient.

Demographers have been concerned  with
inaccuracy and uncertainty of world population
projections. The world population has been
projected subject to uncertainties related to the
next period of 30-100 years. On the basis of Lutz's
[1996] deliberations the following accuracies have
been considered; Ey] projections for
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Figure 3. Population distribution pattern in Australia.

Table §. Distribution of population in capital cities of Australia - population of Austratia 30 and 50 million.

1996 Population Population
City population % of Australia of Australia
million 30 million 50 million
Possible Possible
distribution million distribution million

Adelaide 1.079 427 1.75 2.92
Hnshane 1.52% 13.06 247 4.11
Canberra 0.208 2.04 .50 (.83
Darwin 0,820 .71 0.13 0.22
Hobart 0,194 1.68 0.32 0,53
Methourne 3283 28.20 5.33 8,84
Perth 1.295 11.12 210 3.50
Svdney 3879 3332 6.30 10.5
TOTAL 11.643 100.00 18.9 31.50

Note: For the Darwin Regior, uncertain development polential has been assessed and the region has been
planned for a population of cne million [NTG 1988].

the current period up to next 50 years, ii)
projections which include wvncertainties for the
next period of 30-100 years, and iii) specufation
for the period beyond 100 vears. Scientists who
have analysed climatic changes have also adopted
the time horizon of 100 years [IPCC. 1996].

it is postulated that for a country or a region the
adopted time horizon/s should be related to long-
term population projections. The adoption of a
time horizon longer than 50 years [ABC, 1996b),
say 100 years, could be an important siep for the
development of DSS and sustainable water
systerms.
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Such approach should provide new challenges for

demographers, regional planners, scientists, water

provide new challenges for demographers,

regional  planners, scientists, water resources

planners and politicians, Further, it is postulated

that the following two stages should be adopted

for the development of appropriate strategies:

= animplementation stage of up to 50 years;

2 an uncertain growth stage for mext 50-100
years ot to time at which stable population
will be reached,

The adoption of consisteni time horizons for
population growth and for management of land
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Figure 4. Population distnibution pattern in Poland.

and water resources would be a considerable step
forward in securing water for the cities and mega-
cities of the world. The adoption of the above
approach requires the development of population
projections for 50-100 years. or until stable
populations are reached in each country. This step
will have to be followed by consideration of
alterpative scenarios for distribution of such
popitlations.

3. POPULATION DISTRIRY TION
PATTERNS

The following examples of popuiation distribution
patterns in Austratia and Poland illustrale the nead
for the presented approach.

3.1 Aunstralia

Australian  population  distribution  pattern s
preseated in Figure 3. Most interesting is the fact
that population of rural areas has remained almost
constant at 2.6 million for the past 80 vears.

The development of a basic scenario needs the
adoption of assumptions such as:

® Australia may reach 30-350 miiflion people
within 100 years at an annupal average
population growth rate of approximately 0.5
per cent and 1.0 per cent respectively,
Scenarios30-30 million were considered by
the  Australian  Parliamentary inguiry
[PCA.1994].

»  The current distribution pattern of 63 per cent
of population living in capital cities and rural
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population remaining almost constant at the
level of 2.6 million may continue;

= Current distribution patterns of population
between capital cilies may continue.

Further, these scenarios are feasible subject to
favourable performance of other impacting
systems such as economic and political systems.
In addition, Australia needs io be attractive 1o new
migrants. Based on these assumptions, the
distribution of 30 million Australians wonld be:
capital cities 18.9 million, towns %.5 miilion, rural
areas 2.6 million and the distribution of 50 mitlion
would be: capital cities 31.5 million, towns 15.9
million, nral areas 2.6 million. Based on 19004
distribution pattern, population of capital citics is
presented in Table 1.

3.2 Poland

Popuiation distribution pattern in  Poland is
presented in Figure 4. In this pattemn uniform
distribution of population in major towns and
towns must be noted. In addition population of
rural areas has remained almost constand at
approximately 15.0 million for the past 50 years.

Lack of more detailed population data precluded
assessment of growth agglomerations such as
Warsaw, Lodz, Silesia and Trojmiasto. Population
of these agglomerations has been included in
popuiation of major towns.

4. COMNCLUSIONS

Graphs of population distribution patterns clearly
present growth of capital cities in Australia and



uniformt distribution pattern of major towns and
towns in Poland. The concept of a population
distribution pattern has been applied to more
developed countries which experience relatively
low rate of population growth at a national Jevel.
However, this concept neceds to be further tested
for developing countries which experience
relatively greater rates of population growth at the
national level, Further. distribution patterns of
population may be considered to be a patiern of
self-organising of systems, which may well
continue and may be adopted as a model of future
growth,

ISA  and the consideration of population
distribution patterns are prerequisitc analyses
which should be considered when planning for
long-term population growth under uncertain
conditions as defined by human perception of the
future. The presented approach may be used as a
powerful “tool” for simulation of growth of cities
for countries with a single mega-city/city or
several such cities and as a DSS. In addition, the
approach may be wused as an additional
methodology to check sirategies which have been
developed on the basis of conventional approach.
In addition. the adoption of a longer time horizons
would improve land use planning in refation to
securing water sources such as dams or borefields,
where applicable.

5. REFERENCES

ABS. 1996 Year Book Australia, ABS. Canberra,
1996a.

ABS, Projections of the populations of Australia,
States and Territories, 1995-2051, Cat.
No.3222.0, AGPS, 1996b.

ABS, Australian demographic statistics, Cat. No.
3101.0. ABS, Canberra, 1996c.

ARS. 1998 Year Book Ausiralia, ABS, Canberra,

1998

ABS. 2000 Year Book Australia, ABS, Canberra,
2000,

ADB. Managing water resources to meet megacity
needs. Proceedings of the Regional
Consultations, Manilg 24-27 August 1993,
ADB, 1994,

Frederiksen. H.. D, 1. Berkoff, and W. Barber,
Principies and practices for dealing with
water resources issucs, World Bank
Technical Paper No. 191, WE.
Washington, D. C., 1994,

Glowny Urzad Statystyczay (Central Siatistical
Office) Rocznik Demograficzny §997,
Warsaw, 1997,

1906

Glowny Urzad Statystyczny {Central Statistical

Office) Roczaik Demograficzny 1998
Warsaw, 1998,
IPCC.  Climate Change 1995 - Impacts,

Adaptations and Mitigation of Climate
Change:  Scientific-Technical Analyses,
Cambridge University Press. , UK, 1996.

Lutz. W. (ed.) The Future Population of The
World - What Can We Assume Today?.
HHASA, Laxenburg 1996

Miser. H.. J. and E. 8. Quade (eds) Handbook of
Sysiems  Analysis — Overview of Use,
procedures, Applications, and Practice,
John Wiley & Sons, Chichester, 1985.

Miser. H. I. and E. S. Quade (eds) Handbook of
Svstems Analysis — Craft Issues and
Procedural Choices, John Wiley & Souns,
Chichester, 1988.

NTG (Nosthern Territory Government), Darwin
Regional Water Supply and Land
Management  Strategy 1988, Cabinet
Decision No. 3759, Darwin, 1988,

PCA. Ausiralia’s Population *Carrying Capacity™:
one nation - two ecologies, AGPS,
{Canberra, 1994,

Shaw. R.. G. Gallopin, P. Weaver and 5. Oberg,
Sustainable Development - a sysicms
approach, Status Report SR-92-Z, [IASA,
Laxenburg, Austria, 1992,

Soroczynski, T. Integrated Systems Analysis of
Population, Land and Water Resource, PhD
thesis, University of New England,
Austraiia, (unpublished) 1999.

Soroczynski, T. Australian Case - Integrated
Management of Land and Water
Resources, X-th World Water Congress of
the International  Water  Resources
Association, 11-17 March 2000,
Melbourne, 2000

UN. Report of the International Conference On
Population and Development, Cairo, 3-13
September 1994,  United Nations
publication, sales No. E.93 XIL.18, 1995.

UNCED, The Earth Sumimit, Agenda 21, Internet.
1993,

UNCHS and UNEP, Water and Megacities. Press
releasewww.unchs org/press2000/chs5 .y
m, 2000.

UNPD (United Nations Population Division)
World wurbanization prospects: thel999
revision, UN, 2000.

Yu-ping Chen, N, and L. Heligman, *Growth of
the World’s Megalopolises', In: Mega-city
growth and the future, Fuchs, R, E.
Brennan. J. Chamie, F. Lo and 1. Uitto, eds,
United MNations University Press. Tokyo,
1994,





