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GLOBAL :'ODEJS AND GLOBAL MECHANISMS IV:
Towards an Interdisciplinarity in Investigations

on Long-Term Sociectal Development

H., Millendorfer

Part I-III of this working paper described strategies
for an.improvement of the knowledge of global mechanisms
which can be used s behavioral equations. Results were
described which fo'm a consistent framework of relationships,
and describe proce:ises of lonag-term societal development.
These processes arc located in different fields, and are
covered by differe it disciplines. The following paper shows
ways to improve an! extend these first ;esults by an inter-

disciplinary resea:ch.

I. The "Formula Bnk".

In February, 975, nine IIASA scientists agreed to pro-
pose an interdisci»linary activity, "Methodological and
Empirical Componenis for Comprehension of Glohal Processes",

and wrote the foll swing memo:

"The worldwide scientific discussion about the future is growing
in significance and IIASA's part in this discussion will
increase. In this discussion, global models are becoming of
increasing importance. IIASA can therefore not avoid the
confrontation and must for this and other reasons deal with
global processes.

The confrontation with global models should take place not in
competition with them but at the level of methodological
and cmpirical foun lations.




These foundations include substantive and formal aspects:
empirically observed characteristics of the processes of

the real world including methodological questions of empirical
investigations, purpose of modelling and modellers
mathematical methods that can be used for modelling of global

processes and for constructing global models.

In the first stage IIASA should deal with the substantive

aspects of empiriceal investigations of global processes and
the related formal aspects.

Interdisciplinary eactivity "Methodological and empirical

components for comprehension cof global processes"

l.

Objective:

1.1

l.2

We propose to achieve these objectives in the following way:

2.1

2.2

e

Provide a netwecrk of empirically observed relations
in the field of long-term societal operation and
development and in that of the boundary conditions,
that can ke used at first for explanation of the
long-term development in certain fields in the past
and later may serve as basis for forecasting. These
results caen then be made available in a form appro-
priate for model builders and users. The results
could be used as a bank of tested components for
modelling of global processes.

Relate th¢ proposed activity tc the IIASA project
teams. The results may provide a framework of the
most impo:rtant linkages between the subsystems
investigated by the different project teams.

Continue informal discussions among those IIASA
scientists interested in the project.

Search literature and find names of scientists and

organizations involved in pertinent studies through-

out the world and contact them.

Prepare workshop on "Global Processes"; the subjects

could be:

- Methodological questions

- Working examples of empirically
observed processes

- Applications of these examples for
concrete questions of IIASA-project-
teams or model builders

- Organization for continuing contacts.

bias and




Proposed date: A small IIASA workshop with a few

scientists from neighbouring countries:
May 1975.

Workshop, "Global Processes":
October 1975.

3. Dissemination of results: We will investigate the best
way and implemcnt:

3.1

2

3.3

To keep IIASA project people informed about our
discussions.

To publish in a way appropriate for IIASA.

To establish a formula bank:

The formula bank should be a continuously up-dated
catalogue of formulas, functions, and data about
global processes with associated documentation. It
should provide a framework of the most important
linkages between the subsystems investigated by the
different project teams and could be used as a

bank of tusted components for modelling of global
processes.

4. Responsibility:

Dr. Millendorfor will collect information for the formula
bank, organize the permanent work in this field and
stimulate the informal scientific discussions and work-
shops.”

Since this me 10, considerations are more and more

concentrated on the formula bank:

1. The formula bank is a collection of all such relations

regarding long-term societal development, that:

can be used as behavioral equations of models,

are based on empirical observations which are
arrived at by appropriate

statistical methods, i.e. multiregressional analysis,
etc.,

have resulted in theoretically meaningful relationships.




2. The formula bink is started on the base of form-sheets
where examples of giobal processes are described. The further

development of the formula bank should be done in three steps:

(a) as a "clearing house" for scientists engaged in
global mcdeling, In this concept model builders
have interest as the response--i.e. the Bariloche
group--to our letters show:

(b) as a more consistent network of empirically ob-
served processes for long-term societal development;

(c) as consistent sets of cxplanatory hypotheses
leading to an "objective"--i.e. by all model
builders accepted--base for models and theories

of long-term societal development.

3. The formula bank should serve as a?nucleus for tue
iterative process of interdisciplinary tearwork described in
Part I of this working paper. The examples for empirically
observed relationsh:ps collected in a formula bank in the
appendix are only an illustration of the basic idea, and of
course they are not yet a useful instrument for the model
builder because they are only a few incomplete examples (i.e.
the point "integration hypothesis"” is described in only a few
examples) and not structured for the proposed task. These
examples were discussed with participants of the last IIASA
conference on global models in order to find the best criteria
for selecting the formula and for structuring the collected

material. The result is:




® The general criteria for selecting empirically
observed relationships in the literature is the
possibil:ity to use them as behaviorsl equations
in models in any field of long-term societal
developmrant.,

© In the first step this criteria should be reduced
to the porssible application of the formulas to
certain fields, treated by IIASA project teams,
i.e. Fool and Acriculture, Energy, and Health.

© Another Iueséion is the underlying theory for
selecting variables. Here there seems to be a
pluralism of theories or even a useful pragmatic
approach. The theoretical work of IIASA should be
basically only to prove the applied statistical
methodoloqy, and to show connections of the observed
relationships to other relationships and to various
existing theories.

e The structuring of the formulas should follow
pragmatic documentation criteria. (How to find a

wanted formula in the shortest time.)

The examples show the difference of the proposed documenta-
tion to usual documentations, i.e. the book of Meadows is
split into a lot of single observations with different keywords.
Under the same keyword, single observations of different
authors are to be found. If we would have had the formula

bank in the last global modelling conference, some of the




open questions could have been better understood, i.e. the
guestior of diminishing results of fertilizers, observed by
different authors.

The idea of the formula bank was well accepted by the
model builders, expccially Mallmann and Roberts, and should
be realized in a wav uscful for model builders in and outside
of IIASA. For this purpose, the computerization should be

considered.

ITI. Interdisciplinary Coopecration with STUDIA.

A. Basic Conside:rations

1. STUDIA's r~search

STUDIA's work is based on an iterative empirical and
system theoretical learning process concerning the questions
of long-term societnl developrent. The result of this work
is a framework of equations and relationships centered on the
general production function. The latter can be understood as
a linkage to and a rodification of the neoclassical econoric
theory explaining the residuels of the Cobh-Doualas function
due to non-economic factors. Thc frarework there serves as a
nucleus for the development of a consistent set of hvpotheses
as an approach to tnheory of societal development., 1In this
context, more detailed studies on different subsystems of
society were made. For example, sector analysis in a world-
wide, cross comparison, studies of the technological and
medical progress, psycho-socioloagical studies using various

indicators, etc. Tie results of these hasic studies were




applied to practical cguestions like prognosis for Austria,
family studies, perapective studies for the Austrian iron and

metal industry, etc.

2. STUDIA's role in an interdisciplinary cooperation

The self-understanding of STUDIA is that of a
generalist working on a very larae hasis of empirical data,
reducing the reduncancy of the infermation of this data base
and concentrating this information on a framework of consistent
relationships in close cooperation with experts in various
- fields. This framework can be understocd as a starting point
for a larger, interdisciplinary cooneration and as the first
contribution of the¢ generalist to an iterative process between
generalists and speccialists in different fields, describing
the interfaces betvieen the different diéciplines. The
specialists study, on the one side, their particular interests
using this framework as a link to other disciplines and by
their results contribute to the improverent of this framework,

On the basis of the improved framework as improved inter-
disciplinary cooperation leads to the next sten of the
iterative process, etc. STUDIA would like to extend its
collaboration with experts in the different fields and can
offer general results in the question of societal development
and experience as a generalist in an interdisciplinary

cooperation.




3. Basic co:cept for a possillle cooperation

ITIASA's work is concerned with questions of long-
term development of different suhsystems of society using
formal mathematical tools and system theoretical concepts.

In the various project teams, detailed problems are treated
by different speciilists in an interdisciplinary project.

A closer cooperation bhetween the various project teams is
planned. In this context, STUDIA cculd serve as a generalist
linking the fields of different disciplines by the framework

mentioned in point 1, in the followinag three ways:

3.1 Introduction of STUDIA's detailed results into
the work of the teams, for example, the sectoral
production function into the work of the industrial
systems fgroup or the main factors of health develop-

ment into the planned health model.

3.2 Introduction of STUDIA's general results as
linkages between the subsystems of society investi-
gated by the various project teams. For example,
the planned formula bank as an extension of the
framework mentioned in point 1, will contain a lot
of relationships bhetween different project teams
and could thereforec serve as a better understanding

of interdisciplinary interfaces.

3.3 Further development of the framework mentioned
in point: 1 and point 2 in the direction of an
empiricl system--theoretical basis for global

modelling.



4. Cooperation with IIAS2 project teams

4.1 Bioredical Group~-STUDIA is working on a study

for the main factors of health development sponsored
by the Austrian National Bank. Where data is
available, age corrected mortality rates of all
countries are applied in various methods of multi-
variate analysis. This reduces redundancy and finds
the basi~ patterns of health development. These
results would serve Aas an input to the planned

dynamic tiealth model of ITASA. (See attached paper).

4.2 Industrial Systems--STUDIA has completed the

first part of a study on various industrial sectors
and has developed in this context a secotral pro-
duction function (article in ; UNIDO publication).
The results of this study and the sectoral production
function could serve as a contribution to cope with

problems of industrial development.

4.3 Energy--A first attempt to understanding energy
consumption in a larger, societal framework, the
"new societal equations" could be improved and
expanded. The cooperation with Dr. Marchetti should

be continued.

5. Cooperative research

Independent of these existing projects, new projects

could be created. In particular, the field of human behavior
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which has, up to n w, bheen nealected in all world models and
where a seriously "ased discussion could be developed. A
promising approach seems to be in statistical indicators for
social-psychologically determined behavior patterns. STUDIA
began the study of these problems within the health project,
a project of Austrian families and prognosis for Austria.
Another example for a possible new project is the question
of the optimum relationship between educational and capital
investment or betw:en the different categories of education

in development planning or in world models.

Conclusion

A relatively small number of social scientists in the
world still use tho described iterative method for investi-
gations of long-term societal development. A collection of
their results‘could be a first step to extending the knowledge
of global mechanisms. This increased knowledge would provide
a substitution of non-verified theoretical assumptions by
Yobserved facts" for behavioral equations, not only in world
models but also in models in the different special fields like
energy, food and agriculture, etc. Further research in a
cooperation between generalists and specialists as outlined
should lead to a consistent network of quantitatively
described processes, a framework for a better understanding
long-term societal development, linking together the different

fields where IIASA teams are involved.
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APPENDIX
I'xamples of PRelationships

To Collect in the Formulé Bank




i
!
i

g
Voo

p

FORMUI

o et LB AR, et REE AL LN ks P~

IR T o & % AP PR WE P LSRN S NRRES K SPRE 5 2 R
i

T1TASA |

- INDEX

A BANK}

2k S o A e S SR WS S R I e £ T e

Auriculture : 7, 8, 9, 10, 11, 12
and land development : 9
fertiliser : 12

yield s 7
tractors : 10
climate : 8

fertiliser consumption : 11
Armonia production : 6

Cities (distribution of population)
in the world : 24

Canada : 25

GB : 26
Germany : 27

India : 28

UK s 29

uUs ¢ 30, 31, 32

urban for rural living : 23

Climate (and plant growth) : 8

Consumption : 1, 2, 3, 4
of copper (US) : 2
electric energy : 3
energy T 4
fertiliser : 11
steel :
steel (US) T 2

Copper (US) : 2
Death rates : 14

Efficiency : 6, 5

of the ammonia production : 6

prime movers

Econoniic growth : 17, 18, 19
birth rates : 18

psychosomatic : 17

size of families : 19
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Lnergy : 3, 4, 5, 6

consumption of el. energy : 3

’ encrgy (total): 4
efficiency of prime movers : 5
in technology : 6

Expectation of life : 13, 14, 15

age specific : 14

in growth zones : 15

and nutrition : 13
Family planning : 19

rPertiliser : 6, 7, 11, 12

ammonia production : 6

fertiliser production: 12

yield function : 7

consumption : 17
Land (potentially arable) : 9
Nutrition (and life expectancy) : 13

Plant production : 8

Population : 13, 18, 19
birth rate : 18
family size : 19

economic growth: 18

nutrition t 13

Psychosomatic (ulcer) : 14

Social progress (wages) : 16
Society (urban for rural living) : 23

Steel : 1, 2, 21, 22
consumption (world)
us
substitution of processes : 21, 22

1) '
LS I )

Substitution : 20, 21, 22, 23
steel s 21, 22
23

societal

‘‘echnoloaical forecasting : 20

Jages : 16

Yield (function) : 7

RS st siramepinieb o T s g

SEals



T A e A 2

[

S LT 2kal, ai LR RN TRAI T M RS T T St RGN S RER % A PR BN W

oy e vem om oy
[TASA | C@‘ .l\ﬁ,.l,;\;’f”’.itf‘,

of STEEL

FORMULA BANKI

(1) Keyword: steel consuﬁption, GNP per capita, consumption.

(2) Source: D. Mzadows, "Limits to Growth", Universe Books,
New York, 1972. .

(3) Functional Relationship (formula, diagram).

LWCRLD STEEL CONSUMPTION AND GNP
P:R CAPITA
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1968 steel consumphon per person in various nations of the vorld

Abscissa: GNP per capiia (US$). (Linear)

Ordinata: Klloa“‘n per person, per year. (Linear)
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(4) Type of analvsis, source of basic statistics.

(a)

(b)

Cross section comparison of GNP per capita vs.
steel consumption from different nations.

Data: Steel consumption from UN Department of
Economics and Social Affairs, Statistical Yearbook,
1969 (New York: UN, 1970).

GNP per capita from World Bank Atlas (Washington,
DC: International Bank for Reconstruction and
Development, 1970).

- LWl
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per person per year in pounds

(copper), net tons (steel). (Linear).

el et bivata

1 hl f‘»\",'\r hl

‘

_‘, ‘“J};\ll-)

i STEE - :
of STEEL & COPPER w 2
FOPMUI A BANKHY IR
mu:xmmmw PrePiart v Ti sy m SRR A TS Bl DR R I S SR R T O A T TSGR S I m._-n’:t«.mswmm; N IR A Y YR T SRR T .
}
]
:
q
(1) Keyword: consumption, increase of consumption, !
copper consumption (US), steel consumption j
(us). '
¥ g
A
;
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¢
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(2) Source: D. Meadows, "Limits to Growth", Universe !
Books, New York, 1972. ;
j
3
[
(3) Functional Relationships (formula, diagram). p
|
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(4)

Type of analysis, source of basic statistics.

(a) Comparison of time series with elimination
of time.

(b) Data: copper and steel consumption from
metal statistics (Somerset, N.J.: American
Metal Market Company, 1970). Historical
population and GNP from US Department of
Conmerce, US Economic Growth (Washington, D.C.:
Government Printing Office, 1969).
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(1) Keyword: Inergy, electricity, per capita income, world

S a8

(2) Source: H. Millendorfer, Ch. Gaspari Immaterielle und

T X T B

materielle Falitoren der Entwicklung, Ansdtze zu einer
allgemeinen Produktionsfubktion, Zeitschrift fir National-
dkonomie 31 Bd.|Wien 1971 ’

; (3) Functional re;ationsh;pi (description of variables; formula,
diagramms; significance) '
; . .
.1 oy = ead®d® R = 0,9985-
y . 0.5 . . . '
Yy == c.m straight line in the diagram

Yy ... per capite income of the world 1951 - 1967 (index)
m ... per capita eclectricity consumption of the world'1951-67
. - (index)

X . 1567
¥ELT 1551 - 1367 '

= = o=
S 8 &
N

110 4

8

3
F

2 = 0,9985

i

Index cdos Prokopfsinkcements (1953 o 1C0)

T T T ¥ T T L] T 1

T 4
\ 1 80 90 100 110 120 130 149 150 170
' ‘ Index des Elektrizititsvervraxhes pro Xopf (1598 o 100)

Abscissa: Index of electricity consumption (1958=100).
(Logarithmic)

Ordinata: Index of per capita income (1958=100).
(Logarithmic)




(4) Type of analysis: contextual mapping, comparison of time
series with elemination of time
data:
. United Nations World Energy Supplies 1929 -~ 1966
/ i " n Statistical Yearbook 1968
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(1) Keyword: encrgy consumption, per capita income.

(2) Source: D. Meadows, "Limits to Growth", Universe ﬁ
Book, New York, 1972.

(3) Functional Lelationship (formula, diadrams cee)e

Formula for per capita income of the world and per
capita electricity consumption of the world (time
series). Sce Form No.: ;

eyt v s prame iy e

ENERGY CONSUMPTION AND GNP
PER CAPIA
I;iloqrum: 1 of person per year {coal equivalent) .
L /
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' GNA perci aita 1020 2000 900 4000
{1963 US collag per person per year)
-« Although the naticns of the world consume greally varying
' omounfs of energy per capite, encrgy consumption correlates
foirly well with total oulput per capito (GNP per capita). The
relotionship is generally linear, with the scottering cof points
due to diferences in climate, locel fuel prices, and emphasis on
heovy industry.

Abscissa: GNP (US$ per person per year). (Linear), i
b
Ordinata: Enerqgy consumption (Kilogramms per g

person per year--coal equivalent). (Linear) b
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(4) Type of Anal.ysis; source of basic statistics.

(a) Cross scction comparison of energy consumption
\ per cap:ta vs. GNP per capita from different
countries.

(b) Data: Erergy consumption from UN Department of
Economic and Social Affairs, Statistical Yearbook
1969 (New York: UN, 1970).

GNP per capita from World Bank Atlas (Washington, DC:
International Bank for Reconstruction and Development,
1970). '

————
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(2)

(3)
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Keyword: energy, efficiency, prime

Functional Relationship (formula, diagram)
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Type of cnalysis, significance and source of basic

statistics

(a) Type of analysis: Time series of prime movers
efficiency.
(b) Source:
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(1) Keyword: efficiency, fertilizer, ammonia product

(2) Source: Lo ;' AU

(3) Functional Relationship (formula, diagram)

In(n/1-n) = at *+ c 1

n --- efficiency of the ammonia production i
process (theoretical minimum
4180 kcal/ngH3)

a&c ~-- constants

t --- time
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(4) Type of analysis, source of basic statistics

(a) Typo of analysis

Time series of different ammonia production

processes vs, efficiency of these processes H
(date of invention?)

(b) Source

C v

Data from M. Slesser

s
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ITASA

FORMULA BANKY  VIELD "HRETK

 AGRICULTURE

YIELD FUNCTION

(1)  Keyword: yield function, aéricultural yield

(2) Source: Latin American World Model, Food Sector
Fundacion Bariloche
i .

(3) Functional Relationships:
|
!
RENDK, = 16.5737 -

-13.4721-e73-8378 FHAL _ppuax
RENDK . . .aggregated agricultural yield
(10®kcal/ha) .
FHA. . . . fertilizers consumed per ha of
Z arable land (tons/ha).
T cmd ¢

T r
REMAX . . .10°10°kcal/ha = maximum yield.

TABLE 9 - Values of KPROT per block

BLOCK

beveloped
countries . ececececaa~aa 00,0331
Latin Americaceeeememaa--- 0.0348
: ;; T Asia 0 cceccemmmecee 0.0336
g |
T e Africa  —eememeceeee- 0,0338
Fig. 10. VYield (1_06 Kcal/ta) versus turtilizer consuned, and fitted esuation, ::‘1:;;;"
RENDPt = RENDKt - KPROT
RENDP . . . aggredated agricultural yields

(tons protein/ha)

RENDK . . . aggregated agricultural yields

(10%%cal/ha) ;
conversion factor for each block
(tons protein/106kcal)

KPROT ... .
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(4) Type of analysis, significance and basic statistics

' (a) Type of analysis
Exponential function fitted to a cross-section

of 107 countries
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1) Keyword: Agriculture, climate, plant-production, Earth

2) Source: N.I. Bezilevich, L.Y. Rodin, N.N. Rozov
Geogravhical Aspects of Biological Productivity
Soviet Geography, Review & Translation, May 1971

3) Functional relationship: (description of variables; formula;
diagrarms; significance)

Kp:W.Tv/353

Kp ... hydrcthermal potential of productivity
(production of vesetation i.e. primary production
of m1een plants)

W .... mean annual productive moisture supply of an
area in millimeters i.e. precipitation minus runoff

e s

Tv ... length of the growing season in 10 dav periods
© X 2
R .... mean of annual radiation balance in kcal/cm
X
uinoo =
s0rzcec 3
; !
51 0z f
s 4+ F2
a :b_tﬂuo =g
< 5>
s + £
5 -+ 'Eﬁb
2 20pw00 2
[ -
- -3
5 Ee
& yoleor g2
s+::o > ‘
21&3 <
0 i U U SN S NN SN SN NS SV NN S IV VD SUNUS T S S
t 2 3 4« $§ § 7 8 3 90 2 3 % 15 6 7 8 9
Hydrothorma! potential of productivity {point scuie) |
{
Fig. 5. Conelation between the hvdrothermal potential of clant i
prodcivity end i onid plant o b pdatshend the Consplion
cof chenniial Swenzit By plails (orosast (i most cases duls and
crosses concide). Atter A M. Ryubctukov, 1968,
!
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4) Type of analysic, significance and sourcew of basic statistics
4) cross section compamison of the different bioclimatic
regions of the vorld.

b) data on plan® productivity obtained during.the Inter-
national Biologzical Program (Various mthors)
data on bioclinmatic regions: Physical-~Geographic Atlas
of the VWorld, 1964
Various Authors i.e. "Recent estimates of gome of
the Earth Sources" 1964, Great Soviet Encyclopedia Annual

Moscow.




IIASA |  AGRICULTURE

[FORMULA BANK]

IFORM
9

(1) Keyword: Cost of land development, potentially arable land.

= A I

\Y

LAND DEVELOPMENT

(2) Source: Latin American World Model, Food Sector

+ Fundacidn Bariloche.

(3) Functional Relationships:
‘ COSTCy= 1200 + 8800-e 16/87 TIREL ' E

COSTC{ . . . unit cost of land development ($/ha) |

TIREy . . . fraction of potentially arable land f

not yet utilized.

TIRE = TCNUt

) TPCUL.

TCNU . . .potentially arable land, not yet

utilized (ha).

TPCU . . .potentially arable land, total (ha). i

Abscissa: fraction of potentially |

/ ' : arable land remaining,a"d

Fiz. 3. Pootse

wm»  Ordinata: unit cost of land
) development (10 $/ha) dm

+

unT cosT of LAnp OVLP. A[‘°33/ho.3

~(4) Type of analysis, significance and basic statistics.

(a) Typerf analysis: Cross section of different regions
compared with hypothetical functions. .
(b) Referecnce: U.N. 1970, Statistical Yearbook, New York

e s —samy o v s oA e




LR A R T L B RN IR T R UL TR A S R T e I T PRI

CAGRICULTUZE

i ’
TS ST R S N SR 5 *»mm’xbmm& NI Jz!MT’;"

FORMULA BANK
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bR A £ o b U A SRR 7 ek o i

(1) Keyword: agriculture, tractor, national income

(2) Source: A. Weber, Arbeits- und bodcnsparende
Technologien, Agrarwirtschaft, Feb. 1973.

(3) Functional relationship: (description of variables;
formula, diagram)

" InQ = -6,138 + 2,227logY R® = 0,933

P TR S O TR T AT

Y ... nationgl income

T T T LR R TR

|
|
Q ... horipower of tractors per agricultural wor er(malei

gt

sunih ge lapd
".’,!'_Al,\l', ¥

= S e g

T A veag=As
S nas

irefug

~

Dt s .y

pAsosCoe rrgay
>
@ & B oy Oyt aakcu e e £ac s

\
-

3' o . » e i
4 ! ' : ;«
1 : i l':

i
! o R e e ;
. N X f N \ “ §
] P i
! : N o+
] ]
i !

{
AN TR

e, [P

b
(4) Type of analysis: ! ;
) . . . - . . N t:

Time series and cross section analysis of EWG RGW
countries and USH.

v s ey
TTRAT :

Data: National incomel International DRank for
Recorstraction and Development, horvsepower of
tractors, workers: Statistisches Jahrbuch tUbor

wthrun «, Toandwirtschalft und Forsten der
Bundesycoublik Deutschland.
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TIASA / GRICULTURE rertiizer %ngl
CONSUMPTION e M

 FORMULA BANK|
N O A T A P B . A T R 3 T R 2R AT e OV S e A TR OR T e " R PR AT T
’ ’ |

(1) Keyword: fertilizer consumption, agriculture consumption :

\

XTI

(2) Source: D. Meadows, "Limits to Growth", Universe Books, £
New York, 1972,

(3) Functional relationships (formula, diagram) i

Figure 2 WORLD FERTILUTER CONSURFTION
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i Abscissa: years. (Linear) &

,'{
? ordinata: thousand metric tons. (Linear) k
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(4) Type of analysis, source of basic statistics:

(a)

(b)

Time series analysis of world fertilizer
consumption. ' .
U.N. Department of Economic and Social Affairs,
Statistical Yearbook, 1955, 1960 and 1970 (Newi
York: UN -956, 1961 and 1971). ‘

:
|

5
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ITIASA

FRMULA

PENEY

 AGRICULTURE

FERTILIZER PRODUCTION

F@RME

(1) Keyword: fertilizer production, aéricultural inputs,

erosion control, soil, fertility control

/

(2) Source: Latin American World Model, Food Sector

Fundacion Bariloche

(3) Functional Relationships:

CAF¢=CAIA,* (1-KFER-KERO-KINS)
CAF. . . available capital for fertilizer {

production increase ($).

CAIA... .available capital for agricultural
inputs increase ($).

KFER. . .fraction of available capital for agri-
cultural inputs, allocated to soil
fertility maintenance (0.10).

KERO., . .fraction of available capital for

T Ty e e T e e T T

agricultural inputs, allocated to soil

........................

erosion control (0.05). {
KINS. . .fraction of available capital for . }
agricultural inputs, allocated to inputs |
, l
other than fertilizers (0.20). |
TABLE 1) - Botimated sup.tal irver‘rer- reghe frr smamer) !
Se2¢s, fertilizers,and pesti~ides to i~ roaze agrisnltaral i
{
Rrod.ct; n in Zevelopir~ countries - Fearrimpnd from (1) . i
1}
e ;
‘% Increase in Cepital investrents(106 §) Tetal ' oo r !
agrieuitural ~= cap.tal .
production Seeds |Fertilizers |Pestlcides | (107 §) ! % ¢t total 'i
) ' capital ! ‘
: | i
S |
10 . 30 2500 100 2,93 i 95.1
20 60 5000 240 5.30 9k.3 ’
30 90 7500 230 7.97 ! bl i
Lo 120 1CC00 340 20.66 l 93.3 i
50 150 13000 e 13.36 f 3.2 :
60 180 26050 910 ) : 3.5 2 i
............... ‘ T B |
e LEIO pao viafe} 1150 Z1.6 i 1342
% ( 240 22500 1110 2505 | 2
........................................................ bemmmmee e '
‘ )
ol | 270 2700 570 ! i3
------------------- I_.-.._--_-_.K e’
w0 { 0 ‘ xoe0 | 1510 i 32.7 g3.2 ) g




(4) Typve of analysis, significance, basic statistics.
Reference: The President's Science Advisory
Committe=. Panel on the World Food Supply, 1967,

"The World Food Problem" (3 vols), Washington, D.C.
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[IASA EXPECTATION of

jLﬁE}E &NUTRITION

N
3 . : e O TP o AN e e T O ? % T
L 2 i A .

FORMULA BANK!

(1) Keyword: life expectancy, nutrition, food, population

(2) Source: D. Meadows: "Limits to Growth", Universe Books,

New York, 1972.

(3) Functional relationships (formulas, diagram ...)

NUTRITION AND LIFE EXPECTANCY

years of lite expectency for males

0T
e
@ o0 2
° 7 e
° °
% o
S0l P___Oa0
@ °
o
N Y
¢ ¢ °
b
0 _—
I
H
gt

2,003 4,600 $.000 9,000 10,000 12,000
nulritioral level (vegctavie crlane equivaleris)

Abscissa: nutritional level (vegetable

calorie equivalents). (Linear)

Ordinata: years of life expectancy for

males. (Linear).

| 334 ]




(4) Type of
(a)

(b)

SRR AR T ? 06 i B T

analysis, source of basic statistics.
Cross-section analysis (different nations) from

avevage life expectancy and nutritional level
in 1953.

Data: M. Cépéde, F. Houbart, and L. Grond,

"Population and Food," New York: Sheed and Wand,
1964.
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- WA AGE SPLCIFIC
L FORMAULA RANK] LEEID o |
P I i ae NS SR M A TSR e Y U UERT L nd BT 4 L LR i BT ST I N KT TTAT S0 BT

. . e e L B oL, P et U e e ' s
(1) Keyvordo: aging, Geath voicon, ago specilotd deitd
. . [T . WEYaos Yooy} eneivs ke
(2)  Gource:  DRroollbawn Lecture Socies, "iho Biology ol
‘ . . Y “ B ARIES L I
paivg™, by Novewd J. Curles. RO 54,

Farveh 18, 1964,

(3) TIunctionnl rolaticonchips (dingream) .

e ———r el At TR S S
80| - T I { 17778 ]

6ot -
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50 - I/
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RYTAR PER 1002 PCTULATON

10~ .
ol -
9 e -
o -
5 t- —
ol :
[N
9 al- 6 1900 -16C -
> o §9351
wosl-
) /
2r- 4
Y 1.t RS I N
20 30 40 50 60 70 £
: AGE -YLATS
: Jeanre 5. T oz eeenecihe doath rate vs, zne for mndesin
p

Swicdden for P0-1950 and for 151 edita beany Toaes?y,

(4) Typc of analysis, significance and sources of basic

statistics.

(a) Cross scction comparison of age~-specific death
rate curves at two dif{ferent times. (F1900-~1510
and 1951).

(b) H. B. Jones, "A Spccial Considcration of the Aging
Process, Discasce, ..."
in: Advances in Biolouoical and Fadical Physics,

vol. 4, pp 281336, Acuodeomic Press, N.Y. 1950,
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(1) Xeywords: exjoctation of life, social progress, tronds &
of growih.
(2) Source: Hart-Hornell and Jiilda Bertz, "Expcectation of
Life as an Index of Social Progress", in
muerican Sociological Review, 9 (1944) pp.GLe-621. ¢
(3) TFunctional Relationships:
-k . s et09 (d;da)
Yc = kg + k,/[1+10° 4 ]

Yo ... average expectation of life (value to be ]

concluded on the curve);

kl ... lower limit of dgrowth zonec;

k2 ... width of the growth zone;
: g ... growth logarithm;
H d; ... any assigned data during the period for
which the formula is valid;

d. ... the date of inflection.

Yezry
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!
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|

|
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180 350 175 dais 50 1079 Kp 129 19 450
Average Expectations of Life ot Lirth ia Sevin Puro-Ar
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i -4t

[ S T

Coustar, { :
Dateael Tuin |- v —— e -
Growils Vone ! e
* . —— e s s ————— i ———— — e ——— n e
Varialle Arcas and Sexes  |——-— Inlc- T
. ) tion Yowver . P
5 5o 11 Width vt )
First Tant Date 10t | -
) () Vi
. T T e - N ) ~a ‘ PR
Lapectation of life v connlrics, hatlh 1340 1030 1913 40.38 11,05 7705 o0l
; : Q , .z PR ey e ’.r
Expcetation of Life g countiies, hoth 1850 1930 TQtI 4045 PRI G Y LCL2g
Yoagpwectation of life 7 countiies, malus 1540 1450 191§ 35.8% Al 7a.Cy
. H . . ¢ 3 PN am A A v 6O~ .
Fapectation of 3fe y countiivs, fenudes| 1Eae 1450 1903 eI 3 sALC? 0%. 72 ooty
Eapcctation of Ble s countiies, frmales! 1850 1030 1515 al.cr 31.%0 0501
H N M M o P a? N e An PPN
Tueectation of life 13 countiies, both 18580 1530 1013 35.09 35.°0 7.8
VAN HEN ¢ 3 , 23 0 :
Yxpectation of Life O countuies, Loth 1580 1933 91 35.48 3230 Go.14

(4)

Type of analysis significance and sources of basic
statistics.

(a) Time serics analysis of life expectation data.

(b) i. Pitirim Sorankin: "Social and Cultural

Dynamecs", Vol. II, pp. 134, 164, 169.

[N
[N

Statistical Abstract for the U.XK. 1624-38,
p. 307.

[T
[
.

Statistical Abstract of the U.S., p. 952.
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(1) Keywords: +vages, real wages, trcends of growth, social g
progress, progress. &

P gkt A

(2) Source: Hart Mornell and Hilda Hertz, "Expectation g

of Lifec as an Index of Social Progress," g

| ‘n American Sociological Review, 9 (1944) 5
I’p. 609-621. g

(3) Functional helationships:

81.5
.0231 (1883-da)

W = 39,0 +
GB US 1410

WGB us e index of rcal wages in GB and US
(1914 = 100).

o Ly

o
G

da ....... any assigned data during the period

A

for which the formula is vealid.

For interprctation of empirical data used in the formula

ﬁ

sec form No.

o8

. PILX CF PRds, VOIS v

|

;

Abscissa: 120 i

years (linear) ;
100 .

Ordinata: E

indices 9 }
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(4) Type of analysis, significance and source of basic
statistics:
(a) type of analysis of real wage indices;

(b) source: Hart Hornell, "Techniques of Social

Progress," 1929, p. 139.
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(1) Keyword:
psychosomatic, social psychology, economic growth.
(2) Source:
C. Gaspari, H. Millendorfer: Prognosen ftir Osterreich ]
Verlag flir Geschichte und Politik, Wien 1973. :
/
(3) Functional rclationship: (description of variables; formvla
diagrams; significance).
14 Hagen- und Nyre- E
J gschwire N &
- ) %
w
$ - v
j Si
7 5
10 - ;\
. i
1 ;
] ¢
A @
i ¥
T YT T Y T Y =
18 10 5 1 g
[i

T

Ordinata: rank order of economic growth
rates 1955-64,.

Abscissa: rank order of age corrected
mortality rates of ulcer 1955-64.

e e e e S % Tt

.-

T T RS S AD T Tor IR

Letters: European -countries marked by
car-sticker.

(4) Type of analysis, signficance and basic statistics,

$ .
Cross-section comparison of rank order of Europcan countries 1245

data: ?conomic growth rates: Yearbook of National Accounts Stat-
istics 1967, NY 1968.
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(1) Keyword: birth rate, per capita income.

(2) "Source: D. Meadows, "Limits to Growth", Universe
Books, New York, 1972. ‘

(3) Functional relationships (formula diagrams ...)

BIRTH RATES AND GNP PER CAPHA

dirtns per thousand peopic per yo2r

-— ' 7
} |
| :
R ! x '
K s H H |
80 (A w2 i . B e O P
l‘{, 'x'. i ! r ’ o Asia |
’:—‘4«;). , i ' a Rinca
»% alibya I
indian f ca Veneiutla I | »1atn Amence
cmnnr‘-‘;‘, ae s . ! 1 OEuropu, USSR KNorth Amenca
49 }f’A -t .- l 4 S S
| o® ° i |
! (. werld average ' |
I % i : |
) i i
30 -Q,, i FR —iee- I. — s e e —
o 4 . ! ! | “
! ! 1 d
: NS R !
W=~ ol g T E At t
o | ER o *u a o
' i la @ ° of ! us
! ‘ ° € g " | B
vl i : ! |
[ e AA]_——AA-FWA_« ae— = I —_—— ———
el .. . _ _ JRR SR I el —
$1020 32000 $3000 $1000

QNP pe: car1a (US doiicrs por perscn per yaar)

Abscissa: per capita income (linear).
Ordinata: birth rate (linear).

(4) Type of analysis; source of basic statistics and
significance.

(a) Cross section comparision of birth rates vs.

per capita income from all countries of the
world.

(b) US Agency for International Development,
Population Program Assistance, Washington, D. C.19:0




IIASA  |ECONOMIC GROWTH | FORM]|

" ? |
AND POPULATION (FAMILIES) | NO 1%

?

[FORMULA BANK

(1) Reyword: family, family planning, GNP per person.

(2) Source: D. Meadows, "Limits to Growth", Universe Books,
New York, 1972,

(3) Functional Relationship (formula, diagram).

FAMILIES WANTING FOUR OR MORE
CHILDREN AND GNP PER CAPITA

perceant of population

n._to

\ ¥
i nllo
%

\

e ——— T

" ‘}—r —r— ==

500 1000 1500 2000 2800 3000
GNP par cepite (US dolfars per person par year)

Respondents to family planning surveys in seventeen different
countries indicated how many children they would like to have.
The percentage of respondents desiring large families (four or
more children) shows o relationship to average GNP per capita.

Abscissa: GNP (US$ per person per year). (Linear)

Ordinata: Perqeptage of respondents desiring large
families (four or more children). (Linear)

"




(4) Type of analysis, source of basic statistics.

(a) Cross section comparison of 17 different countries

(percent of population wanting four or more children
and GNP per capita).

(b) Bernard Berelson, et al., Family Planning and Popu-

lation Programs (Chicago: University of Chicago & Press,
1965).




TIASA

FORM

RIS

(1) Keyword: technological forecasting, technological change,

substitution, steel

(2) Source: P.H. PRY
"A Simple Substitution Model of Technological Change"

General Electric Technical Information Services
No. 70-C-215/1970

(3) Functional relationships:
£/(1-£f) = exp(Rln 9/AT) (T-T0))
f ... fracfion of new product or service that
was substituted at a time T;
To ... is the time when the substitution is half
complete; '
AT ... "take over time" is the time required from

the substitute fraction f to go from 0.1 to

0 L] 9
T T LA -
]
oy = 4 -
- //
I o]
L / -
*7
! Y
/-
/
1
L K
© - /+ A ?
1 .
T, |
b J -
;’ Ordinata: £/(1-f) (logarittmic)
-z : C Abscissa: 2(t-t_)/At (linear)

Lot f - : . » . - .
I 0 1 is a dimensionless paramster which
- N o
3 ﬁ' : normalizes all of the data of 17

“' . -
r e 1 substitutions to a single rathe-
L.,
o Y ] matical form.
i 4 )
Y
/
L /
J
/
- .’ .
;- o
1 | 1 L .-
TR ra—S [] 10 20 30
1 -1) 788
Figs.9 (a, 1) Fit of substitution model function to

substitution dota for all 17 cases vs normalized
i .. units of tinie,
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(4) Type of an¢lysis, significance and sources of basic

statistics.

(a) Type aralysis: a test of the technological forecast
. mcdel (comparison of 17 time series data from

different substitution processes).

(b) All the data are from 17 cases of substitutions

taking place over the last, almost 100 years.

References:

1. Statistical Abstracts of the United States (1969).

U.S. Department of Commerce.

2. IIT Research Institute, Ceramics Bull. No. 24
(Nov.-Dec. 1969).

4

3. Chemical Economics Handbook, Stanford Research
Institute.
5. Markets for Plastics, Rosato, Falton, and Rosata,

Van Nostrand-Reinhold, 1969.

6. Chemical Week, September 26, 1969 p.69.

TAKEOVFR TIVAES {.1) AND SURITITUTION MIO1GINTS, tg,
FOR A SUAMBLR O SUBSTTUTION CAsts

LT~ Vo~ Pelercnce
Schotitition Lnits Ycar: Ycar Source
Synthetac/lictaral-vuzer Pounds S8 1355 1
Synihctic, atiral-Faters Pounds 58 1969 1
Flastic/taturel-Lcathinr Erjutv, s$? 19%7 1
Hides
Marjar.ne/Nazvral-futter Pourls 6 1957 1
Electr.c b Tonst 47 1947 2
Ciexia
Water Lascd/0il Based-tiause Paint  Gallons 43 1367 J
Open NrarthAkessener = Steel Tons 12 1307 2
Sulfate/Trea-tappa2~Turpentineg Pourds 42 1359 3
TiOZ/?.D—InO - Peint Pig-ants Poun!s 26 1949 3
Vo o deo b .a | st - -
P-;i;;v;"-.uuv._ Rinidince . J?:;;u 28 1966 1
-Plastic/utner-Plecasure Bodt Hulls Hulls 20 1yse 4
Orgoric/Iror;aasc - Irsccticidos Pounds 19 1946 3
Synttetic/Matural-Tizre Fibers Pourds 17.5% 1948 1
Plastics/iotal - Cars Pounds* 16 1981 4
ROI'/Opcn Hoarth - s:eel& Tons 10.5 1368 2
BeteryorntAlatural - S5 .p {U.S.) Pourds £.7% 1981 H)
buteryentatural - Sc2p {(Jagan) Pcunads® 8.25% 1962 S
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(1) Keyword: technological forecasting, technological change,

substitution, steel

(2) Source: P.H. PRY
"A Simple Substitution Model of Technological Change"
General Electric Technical Information Services

No. 70-C-215/1970

(3) Functional relationships:‘
f/(1-f) = exp((21n 9/AT) (T-To))

f ... fraction of new product or service that

was substituted at a time T;

To ... is the time when the substitution is half
complete;

AT ... "take over time" is the time required from
the substitute fraction f to go from 0.1 to
0.9.

Abscissa: years (linear)

Ordinata: 1/(1-f)
‘ (logarithmic)
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YEARS

oo
1860




————

(4)

Type of analysis, significance and sources of basic statistics.
(a) time series of steel substitution processes.
IIT Research Institute Ceramics Bull.

No. 24/1969.

(b) Source:
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(1) Keyword: technological forecasting, technological change,

substitution

(2) Source: R.H. PRY

"Forecasting the Diffusion of Technology", General
h Electric Technical Information Series No. 73CRD220,
July 1973.

(3) Functional relationships:
£/(1-f) = exp((21n 9/AT) (T-To))

f ... fraction of new product or service that

was substituted at a time T;

To ... 1is the time when the substitution is half

complete;

AT ... "take over time" is the time required from
the substitute fraction f to go from 0.1 to
0.9.
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Abscissa: years (linear)

) Ordinata: £/(1-f)
] (Logarithmic)
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Fig. 3 Substitution plot of BOF for open hearth and
Bessemer steel productios iin Japan, U.3.S.R.,
West Germany, and U.S. A. since 1960,
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(4)

Type of analysis, significance and source of basic
statisticel data:

(a) time ceries of statistical data.
(b) Source: Manual International Steel-Statistics 1971.
Country Books, British Steel Corp., Statis-

tical Services, 12 Addiscombe Road,

Droyden, Great Britain.
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(1) Keywrovd:

T ‘ substitution,urban living, rural living, society.

(2) Source: R.I, PRY

15

o

"For:xcasting the sion of Technolagy", Ceneral

.

3CRH220,

0
n]
;J
.
O]
J
C

u
Electric “ecihnicas) Informail

Juﬁy 1973.

(3) Functional :clationéhips: _

L/(1-£) = exp((2ln 9/47) (T-T0))

£ ... fraction of new product or service that
was substituted at a time T;

To ... ic the time when the substitution is half
ccnplete;

LT ... "take over time" is the time required Irow
the substitute fracticn £ to go from €. to
0.9.
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abscissa: years (linear).
ordinata: f£/(1-f) {(lcgarithmetic).

(4) 7Type of analysis, sicnificance and sources of basic

“w

L&ﬂm'mi_ -

statistics
(a) tima g2pian of bacic socictal substitution

(b) statislical abstracts of the U.S., U.h. Department

of Com.zice (1972).
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(1) Keyword: cities, communities, distribution of popu-
lation, least effort, Force of Unification,

Force of Diversification.

(2) source: Zipf, G.K., “"Human Behavior and the Principle

of Least Effort," 1949, N.Y.

(3) Fudnctional Relationships:

r.rp9 = K
r ... rank number of:the community when ranked
A in the order of decreasing population size;
q'.;. -the ratio:of the magnitude of the theoretical
| Force of Diversification divided by the magni-

tude of the theoretical Force of Unlflcatlon.
CEMPIRICAL CONSTANT) ,

P.... Population size of a community with a dlscrete
rank number.

10,000

1000

Size (in thousands)

’ ! |
lool 0 . 100

Rank

Fig. 10-8. Cities of the world (about 1920) with at least 100,000 in-
habitants, ranked in the decreasing order of population size.
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(4) Type of analysis, signficance and basic statistics.

(a) Type of analysis:

“y
(v st

Cross section comparison of communities

(b) Source:
"G. K. Zipf,"National Unit and Disunity," Bloomington
Ind.: Principion Press, 1941, pp. 135f., 140f.

(5) Interpreting Hypothesis:

l / The hypothesis says, that the actual
location of the population will depend upon the extent
to which persons are moved to materials (Force of

Diversification) and materials are moved to persons

(Force of Unification).

The Force of Diversification makes for a larger n
number of communities of smaller P population size,

and the Force of Unification makes for a smaller n

number of communities of larger P population size.

The .n number of different communities, when ranked, r,
in the order of their decreasing P size, will follow

the equation:’
{
(1) r.p9=kK
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(1) Keyword: cities, communities, distribution of popu-
lation, least effort, Force of Unification,

Force of Diversification.

Zipf, G.K., "Human Beﬁavior and the Principle
of Least Effort,” 1949, N.Y.

(2) Source:

(3) Functional Relationships:

r.P9 = K
¥ ... rank number of:the community when ranked
in the order of decreasing population size;
q'.:. ~the ratio-of the magnitude of the theoretical
| Force of Diversification divided by the magni-

tude of the theoretical Force of Unlflcatlon.
CEMPIRICAL COoNSTANT)

P.... Population size of a community with a discrete
rank number,

1,000

100

Size Lin thousands)

| | VR Y RN 1
1 10 100 1000
Rank
Fig. 10-1. Canada 1881-1931. Communities of 1,000 or more persons, ranked in
the decreasing order of population size.




(4) Type of analysis, signficance and basic statistics.

(a) Type of analysis:
A time series comparison of communities cross-
sections. ‘

(b) Source:

G. K. Zipf,"National Unit and Disunity," Bloomington
Ind.: Principion Press, 1941, pp. 135f., 140f.

(5) Interpreting Hypothesis:
The hypothesis says, that the actual
location of the population will depend upon the extent
\ to which persons are moved to materials (Force of
Diversification) and materials are moved to persons

(Force of Unification).

The Force of Diversification makes for a larger n
number of communities of smaller P population size,
and the Force of Unification makes for a smaller n

number of communities of larger P population size.

The .n number of different communities, when ranked, r,
in the order of their decreasing P size, will follow
the equation:

{

(1) r.Pq = K
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(2)

(3)
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Keyword: cities, communities, distribution of popu-
lation, least effort, Force of Unification,

Force of Diversification.

Source: 2ipf, G.K., "Human Behavior and the Principle
of Least Effort," 1949, N.Y.

Functional Relationships:

r.p9 = x
¥ ... rank number of:the community when ranked
in the order of decreasing population size;
q'.;. ~the ratio:of the magnitude of the theoretical
Force of Diversification divided by the magni-

tude of the theoretical porce of Unlflcatlon.
CEMPIRICAL CONnSTANT)

P.... Population size of a community with a d1screte
rank number.

10,000

"{Qreater London™

1,000

Size Lin thousands)

100

)
) 10 100 L, -
Rank !

Fig. 10-11. Cities in Europe of not less than 100,000 inhabitants in
1880 and 1920 (approximately).
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(4) Type of analysis, signficance and basic statistics.

(a) Type of analysis:
A time series comparison of communities cross-
sections.

(b) Source:
G. K. Zipf,"National Unit and Disunity," Bloomington
Ind.: Principion Press, 1941, pp. 135f., 140f.

(5) Interpreting Hypothesis:

, The hypothesis says, that the actual
‘ location of the population will depend upon the extent
\ to which persons are moved to materials (Force of

Diversification) and materials are moved to persons

(Force of Unification).

The Force of Diversification makes for alarger n

number of communities of smaller P population size,
and the Force of Unification makes for a smaller n

number of communities of larger P population size.

The n number of different communities, when ranked, r,
in the order of their decreasing P size, will follow
the equation:

i

(1) r.p¥ =k
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(1) Keyword: cities, communities, distribution of popu-

lation, least effort, Force of Unification,

Force of Diversification.

(2) Source: 2ipf, G.K., “Human Behavior and the Principle
of Least Effort," 1949, N.Y.

(3) F#nctional Relationships:

r.p9 = x

¥ ... rank number of:the community when ranked

in the order of decreasing population size;
g ... othe ratio - of the magnitude of the theoretical
Force of Diversification divided by the magni-

tude of the theoretical Force of Unification.
CEMPIRICAL CONSTANT) -

P.... Population size of a community with a discrete
rank number.

1800 P\ X

100

z 1 1 1
| 0. 100 1,000
Rank '
Germany, 1875-1939 (May). Communities ranged in the decreasing order
of population size.




(4)

(5)

Type of analysis, signficance and basic statistics.

(a) Type of analysis:
A time series comparison of communities cross-
sections.

(b) Source:
G. K. Zipf,"National Unit and Disunity," Bloomington
Ind.: Principion Press, 1941, pp. 135f., 140f.

Interpreting Hypothesis:

The hypothesis says, that the actual
location of the population will depend upon the extent
to which persons are moved to materials (Force of
Diversification) and materials are moved to persons

(Force of Unification).

The Force of Diversification makes for alarger n
number of communities of smaller P population size,
and the Force of Unification makes for a smaller n

number of communities of larger P population size.

The n number of different communities, when ranked, r,
in the order of their decreasing P size, will fqQllow
the equation:

'

(1) r.p9 = K
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(1) Keyword: cities, communities, distribution of popu- |
lation, least effort, Force of Unification,

Force of Diversification.

(2) Source: 2Zipf, G.K., "Human Behavior and the Principle
of Least Effort," 1949, N.Y.

(3) Functional Relationships:

r.P9 = x

¥ ... rank number of:the community when ranked

in the order of decreasing population size;
g ... -the ratio of the magnitude of the theoretical
Force of Diversification divided by the magni-

tude of the theoretical Force of Unlflcatlon.
CEMPIRICAL CONSTANT)

P.... Population size of a community with a discrete
rank number.

193

1911
100

tin thousands)

Size

10

t

* i6 100 1000
Rank

Fig. 10-7. India in 1911 and 1931. Communities ranked in the decreas-

ing order of population size.




(4) Type of anzlysis, signficance and basic statistics.

(a) Type of analysis:
A time séries comparison of communities cross-
sections.

(b) Source:
G. K. Zipf,"National Unit and Disunity," Bloomington
Ind.: Principion Press, 1941, pp. 135f., 140f.

(5) Interpreting Hypothesis:
, The hypothesis says, that the actual
location of the population will depend upon the extent
\ to which persons are moved to materials (Force of
Diversification) and materials are moved to persons

(Force of Unification).

The Force of Diversification makes for a larger n
number of communities of smaller P population size,
and the Force of Unification makes for a smaller n

number of communities of larger P population size.

The n number of different communities, when ranked, r,
in the order of their decreasing P size, will follow
the equation:

|

(1) r.r9=xk
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communities, distribution of popu-

least effort, Force of Unification,

Force of Diversification.

Source:

(2) zipf, G.K.,

of Least Effort,"

"Human Behavior and the Principle
1949, N.Y.

(3) Functional Relationships:

r.r9 = x
x * e

rank number of:the community when ranked

in the order of decreasing population size;

q'.;. ~the ratio of the magnitude of the theoretical

Force of Diversification divided by the magni-

tude of the theoretical Force of Unlflcatlon.
CEMPIRICAL CONSTANT)

P.I..
rank number,

10,000

Population size of a community with a discrete

1000

Size lin thousands )

100

50

1

|
Rank

|
10 100

Fig. 10-9. British emplre (about 1921). Communities with at least
50,000 persons, ranked in the decreasing order of population size.
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(4)

Type of analysis, signficance and basic statistics.

(a) Type of analysis:

Cross section comparison of communities

(b) Source:
"G. K. Zipf,"National Unit and Disunity," Bloomington
Ind.: Principion Press, 1941, pp. 135f., 140f.

(5) Interpreting Hypothesis:

l / The hypothesis says, that the actual
location of the population will depend upon the extent
to which persons are moved to materials (Force of
Diversification) and materials are moved to persons

(Force of Unification).

The Force of Diversification makes for a larger n
number of communities of smaller P population size,
and the Force of Unification makes for a smaller n

number of communities of larger P population size.

The .n number of different communities, when ranked, r,
in the order of their decreasing P size, will follow

the equation:

(1) r.p9 =k
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(1) Keyword: cities, communities, distribution of popu-

lation, least effort, Force of Unification,

Force of Diversification.

(2) Source: Zipf, G.K., "Human Behavior and the Principle

of Least LEffort," 1949, N.Y.

(3) Functional Relationships:

r.p9 = K
¥ ... rank number of:the community when ranked
in the order of decreasing population size;
q'..} -the ratio of the magnitude of the theoretical
Force of Diversification divided by the magni-

tude of the theoretical Force of Unification.
CEMPIRICAL CONSTANT)

P.... Population size of a community with a discrete
rank number.

8,000

N/
1000 £,

100 .

Size (lin thousands)

2 10 0 100 1000

Rank

Fig. 10-2. U. 8. A. 1790-1930. Communities of 2500 or more inhabitants ranked
in the decreasing order of populadion size.




(4)

Type of analysis, signficance and basic statistics.

(a) Type of analysis:
A time series comparison of communities cross-

sections.

(b) Source:
G. K. Zipf,"National Unit and Disunity," Bloomington
Ind.: Principion Press, 1941, pp. 135f., 140f.

(5) Interpreting Hypothesis:
, The hypothesis says, that the actual

\ location of the population will depend upon the extent

to which persons are moved to materials (Force of

Diversificat.ion) and materials are moved to persons

(Force of Unification).

The Force of Diversification makes for a larger n
number of communities of smaller P population size,
and the PForce of Unification makes for a smaller n

number of communities of larger P population size.

The n number of different communities, when ranked, r,
in the order of their decreasing P size, will follow
the equation:

i

(1) r.p9 =kK
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(1) Keyword: cities, communities, distribution of popu-
lation, least effort, Force of Unification,

Force of Diversification.

(2) Source: 2ipf, G.K., "Human Behavior and the Principle

of Least Effort," 1949, N.Y.

(3) Functional Relationships:

r.p9 = x
¥ ... rank number of:the community when ranked
in the order of decreasing population size;
q'..} ~the ratio-of the magnitude of the theoretical
Force of Diversification divided by the magni-

tude of the theoretical Force of Unlflcatlon.
CEMPIRICAL CONSTANT)

P.... Population size of a community with a discrete
rank number.

1000

8

POPULATION OF CITIES (N THOUSANDS)
a

} 1
\ 10 100
RANK

(_J,' S. A. 1860, (A) “Norhern” cities, and (B) CONFEDLII-
ATE citics, ranked in the decreasing order ol popuiation size.




(4)

(5)

F

Type of analysis, signficance and basic statistics.

(a) Type of analysis:

Cross secticn comparison of communities

(b) Source:
G. K. Zipf,"National Unit and Disunity," Blocmington
Ind.: Principion Press, 1941, pp. 135f., 140f.

Interpreting Hypothesis: ,

/ The hypothesis says, that the actual
location of the population will depend upon the extent
to which persons are moved to materials (Force of
Diversification) and materials are moved to persons

(Force of Unification).

The Force of Diversification makes for a larger n
number of communities of smaller P population size,
and the Force of Unification makes for a smaller n

number of communities of larger P population size.

The .,n number of different communities, when ranked, r,
in the order of their decreasing P size, will follow

the equation:

(1) r.p9 =K
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(1) Keyword: cities, communities, distribution of popu- ’
lation, least effort, Force of Unification,

Force of Diversification.

(2) Source: Zipf, G.K., “Human Behavior and the Principle
of Least Lffort," 1949, N.Y.

(3) Functional Relationships:

r.?q = K
Y ... rank number of:the community when ranked
in the order of decreasing population size;
q'.;. ~the ratio-of the magnitude of the theoretical
Force of Diversification divided by the magni-

tude of the theoretical Force of Unlflcatlon.
CEMPIRICAL CONSTANT)

P.... Population size of a community with a discrete
rank number.

T L}

METROPOLITAN
4 DISTRICTS
100 P . 1940

o

POPULATION (IN 100,000'S)

|| 10 100

RANK

Metropolitan districts. One hundred largest in the U. S, A, in
1940, rauked in the order of deaicasing population size,




(4) Type of analysis, signficance and basic statistics.

(a) Type of analysis:

Cross section comparison of communities

(b) Source:
G. K. Zipf,"National Unit and Disunity," Bloomington
Ind.: Principion Press, 1941, pp. 135f., 140f.

(5) Interpreting Hypothesis:

/ The hypothesis says, that the actual
location of the population will depend upon the extent
to which persons are moved to materials (Force of
Diversification) and materials are moved to persons

(Force of Unification).

The Force of Diversification makes for a larger n
number of communities of smaller P population size,
and the Force of Unification makes for a smaller n

number of communities of larger P population size.

The n number of different communities, when ranked, r,
in the order of their decreasing P size, will follow

the equation:

(1) r.p9 = K




