Predicting SocioEconomic Change from Interactions of Social and Economic Indices:
The Club of Rome Models*.
The Club of Rome (Meadows et al. 2008) mapped the interactions of numerous social and
economic indices in a range of domains. A number of these, together with the final, integrating,
diagram are reproduced below.
I have to confess that I am not entirely clear how weights are assigned to indicate the strength of the
contributions of these various components as they add up in different scenarios. The way many of
the social forces exert their effect remains unclear. The preceding variables clearly influence the
subsequent ones. But how do they influence them … and how is the differential strength of their
influence calculated to compare with the strength of influence of other variables? Also, despite the
use of curved lines, the directions of influence seem mostly to be oneway, linear. There are very
few negative, never mind selfelaborating, selfamplifying, autopoietic, loops.
It is therefore not at all clear to me that the authors have achieved even the initial, subjective, level
of measurement of the strength of the wind and electricity achieved by Newton and Franklin
respectively  never mind the more sophisticated measures that came later. In the end, therefore, I
am not sure that they help us to understand or measure – and thus how to damp down, amplify, or
harness – the patterns of influence represented in Figure 1.
Demographics
population

labor force
participation fraction

initial population 0 to 14
reproductive
lifetime

births

Population 0
To 14

initial population 15 to 44

maturation
14 to 15

labor force

Population 15
To 44

deaths 0 to 14

maturation
44 to 45

initial population 54 to 64

Population 45
To 64

maturation
64 to 65

initial population 65 plus

Population 65
Plus

deaths 65 plus

deaths 45 to 64
deaths 15 to 44

<Time>
mortality 15 to 44

mortality 0 to 14

population
equilibrium time

mortality 0 to
14 table

<total fertility>

<one
year>
<life
expectancy>

mortality 65 plus

mortality 45 to 64
<one year>

mortality 15
to 44 table

mortality 45
to 64 table

<life
expectancy>

mortality 65
plus table

deaths

*

I am deeply grateful to Luciano Gallon for drawing my attention to the existence of these models and helping me to
download them.
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Fertility

<Time>

<desired total fertility>

total fertility

<fertility control effectiveness time s>
fertility control
effectiveness

fertility control effectiveness table

maximum total fertility normal

maximum total fertility
<GDP pc unit>

<one year>

fecundity multiplier
fertility control
facilities per capita

<health services impact delay>

need for fertility
control

fecundity multiplier table
<life expectancy>
lifetime perception delay

fertility control
allocation per capita

<service output per capita>

perceived life
expectancy

desired total
fertility

fraction services allocated
to fertility control table

fraction services allocated
to fertility control
<Time>
desired completed
family size

desired completed family size normal

completed multiplier
<GDP pc unit> from perceived lifetime

<zero population growth time s>

<one year>
completed multiplier from
perceived lifetime table

social family size normal
family response to
social norm

social family size
normal table
delayed industrial
output per capita

family response to social norm table

family income
expectation

social adjustment delay
<industrial output per capita>

average
industrial
output per
capita

income expectation averaging time

Life Expectancy
life expectancy

life expectancy normal

<Time>
lifetime multiplier from
health services

lifetime multiplier from
health services 1

lifetime multiplier from
persistent pollution

lifetime multiplier from
health services 1 table
<GDP pc unit>
effective hea
lth services
per capita

lifetime multiplier from
health services 2
<GDP pc unit>

health services per
capita

<food per capita>

crowding multiplier
from industry

lifetime multiplier from food table
fraction of
population urban

<subsistence food per capita>

<GDP pc unit>
<unit population>

<population>

<industrial output per capita>

<GDP pc unit>
health services per capita table

lifetime multiplier from
persistent pollution table

lifetime multiplier
lifetime multiplier
from crowding
from food

lifetime multiplier from
health services 2 table

health services
impact delay

<persistent pollution index>

<service output per capita>

crowding multiplier
from industry table
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fraction of population urban table

Persistent Pollution
industrial capital output
ratio multiplier from
pollution technology

industrial capital output ratio
multiplier from pollution table

<industrial output>
industrial material
toxicity index fraction of resources
persistent pollution
from persistent materials
generation factor 1

Persistent
Pollution
Technology
persistent pollution
generation factor 2

persistent pollution
intensity industry

industrial material
emissions factor
<population>

persistent pollution
generation industry

technology
development
delay

<Time>

persistent pollution
generation factor

persistent
pollution in 1970

persistent pollution
generation agriculture

initial persistent pollution

<persistent pollution
technology change time
s>

persistent pollution
technology change
multiplier

persistent pollution
technology change
multiplier 2

desired persistent
pollution index

persistent pollution
technology change mult
table 2
assimilation half
life multiplier

persistent
pollution index

<Arable Land>
Persistent
Pollution

agricultural material
toxicity index

persistent pollution
appearance rate
fraction of agricultural
inputs from persistent
materials
<agricultural input per hectare>
persistent pollution
transmission delay

<POLICY YEAR s>

<Time>

persistent pollution
technology change
<POLICY YEAR s>
multiplier 1
persistent pollution
technology
change
persistent pollution
mult table 1
generation rate

<per capita resource
use multiplier>

persistent pollution
technology change rate

persistent pollution
assimilation rate

assimilation
half life

assimilation half
life mult table
assimilation half
life in 1970

Non Renewable Resources
industrial capital output ratio
multiplier from resource
conservation technology

industrial capital output ratio
multiplier from resource table

resource use factor 1
resource use fact 2

Resource
Conservation
Technology

<POLICY YEAR s>
<Time>
resource use factor

<technology development delay>

<initial
nonrenewable
resources s>

desired resource
use rate

<resource technology
change time s>
resource technology
change rate multiplier 2

resource technology
change table 1

resource
usage rate

per capita resource use multiplier

<POLICY YEAR s>
<Time>

resource technology
change rate multiplier

resource technology
change rate multiplier 1
Nonrenewable
Resources

fraction of
resources
remaining

resource technology
change rate

resource technology
change table 2

<population>
<industrial output per capita>

<GDP pc unit>

per capita resource use mult table
fraction of capital allocated
to obtaining resources 1
fraction of capital allocated to
obtaining resources 1 table

fraction of capital allocated
to obtaining resources 2

<Time>

fraction of capital allocated to
obtaining resources 2 table

fraction of industrial capital
allocated to obtaining resources

3

<fraction of industrial capital
allocated to obtaining
resources switch time s>

Food Production
average life of agricultural inputs 1
<average life of
agricultural inputs 2
s>

fraction of agricultural inputs
for land maintenance table
Agricultural
Inputs

agricultural input
per hectare
fraction of agricultural
inputs for land maintenance

average life agricultural inputs
<fraction of agricultural inputs
allocated to land development>

<Arable Land>

<Time>

current agricultural inputs

<POLICY YEAR s>
land fraction harvested
<land yield>
processing loss

<industrial output>

total agricultural investment

food
Perceived
Food Ratio

fraction of industrial output
allocated to agriculture

fraction industrial output
<population> allocated to agriculture table 1

<POLICY YEAR s>
<Time>

fraction of industrial output
allocated to agriculture 1

food shortage
perception delay
food per capita
food ratio

fraction of industrial output
allocated to agriculture 2

subsistence food per capita
indicated food
per capita table 1

indicated food
per capita 1

fraction industrial output
allocated to agriculture table 2

indicated food
per capita
<POLICY YEAR s>

<GDP pc unit>
<industrial output
per capita>
indicated food per
capita table 2

<Time>
indicated food
per capita 2
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Agricultural Production
land life multiplier from land yield 2

<inherent land fertility>

land life multiplier from
land yield table 1

land life multiplier from
land yield table 2

<average life agricultural inputs>

land life multiplier from land yield 1
marginal productivity
of agricultural inputs

<Land
Fertility>

<unit agricultural
input>
land yield

land yield multipler from
air pollution table 1

marginal land yield
multiplier from capital table

marginal land yield
multiplier from capital

land yield multiplier
from capital
land yield multiplier from
capital table

land yield
multiplier from
air pollution

land yield multiplier
from technology

land yield factor 1
<POLICY YEAR s>

land yield multipler
from air pollution 1

<Time>

<Time>

industrial capital output
ratio multiplier from
land yield technology

land yield multiplier
from air pollution 2
land yield
factor 2

air pollution policy
implementation time

IND OUT IN 1970
<industrial output>

<agricultural input
per hectare>

land yield multipler from
air pollution table 2

land yield technology
change rate multiplier
table 1

land yield technology
change rate

land yield technology
change rate multiplier
table 2

Land Yield
Technology
<POLICY YEAR s>

land yield technology
change rate multiplier 1
desired food ratio

indus trial capital output
ratio multiplier table

technology development delay

<Time>

<food ratio>
land yield technology
change rate multiplier 2

<land yield policy
time s >
land yield technology
change rate multiplier
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Land Development Loss Fertility
<land yield>

<marginal productivity
of agricultural inputs>

marginal productivity
of land development

social discount

fraction of agricultural
inputs allocated to land
development table

development cost per hectare table
fraction of agricultural inputs
allocated to land development

development cost
per hectare

potentially arable land total

<total agricultural investment>
initial urban and industrial land
Urban and
Industrial
Land

initial arable land

initial potentially arable land
Potentially
Arable Land

Arable Land
land development
rate

land removal for urban
and industrial use

land erosion rate
urban and industrial
land development time

average life of land normal
<land life policy
implementation time s>

average life of land

urban and industrial
land required

<Time>

land life multiplier
from land yield

<land life multiplier from land yield 2>
urban and industrial
land required per capita
urban and industrial land
required per capita table

<population>

<one year>

<land life multiplier from land yield 1>

initial land fertility

<industrial output per capita>
<persistent pollution
index>

Land Fertility
<GDP pc unit>

land fertility
regeneration
land fertility
regeneration time

<fraction of agricultural inputs
for land maintenance>

land fertility
degredation
inherent land fertility

land fertility
degredation rate table
land fertility
degredation rate

land fertility regeneration
time table

Industrial Productivity
<capacity utilization fraction>

<fraction of industrial
capital allocated to
obtaining resources>

industrial capital output ratio 1
<POLICY YEAR s>

<population>
industrial output

industrial output
per capita

industrial capital output ratio

Industrial
Capital

industrial capital
investment

industrial capital
depreciation

average life of industrial capital
<Time>

fraction of industrial output
allocated to investment

<POLICY YEAR s>
average life of industrial capital 1

<fraction of industrial output
allocated to agriculture>

<average life of industrial capital 2 s>
<industrial
equilibrium time s>
<Time>

<industrial capital output
ratio multiplier from pollution
technology>

<industrial capital output
ratio multiplier from land yield
technology>

fraction of industrial
output allocated to
consumption variable

<industrial output per
capita desired s>

<industrial capital output ratio
multiplier from resource
conservation technology>

initial industrial capital

fraction of
industrial output
allocated to
consumption
variable table

industrial capital output ratio 2
<Time>

fraction of industrial output
allocated to consumption

<fraction of industrial output
allocated to services>

<POLICY YEAR s>
fraction of industrial
output allocated to
consumption constant

fraction of industrial output allocated
to consumption constant 1
fraction of industrial output allocated
to consumption constant 2
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Services Output
indicated s ervices
output per capita 1

<POLICY YEAR s>
indicated services
output per capita

<Time>

indicated services output per capita table 1

<GDP pc unit>

fraction of industrial output
allocated to services table 2

indicated services
output per capita 2

indicated s ervices output per capita table 2

service output per capita

fraction of industrial output
allocated to s ervices 2

<industrial output per capita>

<population>

fraction of industrial output
allocated to s ervices 1

<POLICY YEAR s>

<capacity utilization fraction>

<Time>
fraction of indus trial output
allocated to services table 1

<POLICY YEAR s>
<Time>

service output

fraction of industrial output
allocated to s ervices

s ervice capital output ratio
service capital output ratio 1

initial service capital

service capital output ratio 2
Service Capital
s ervice capital
depreciation

service capital
investment

<POLICY YEAR s >
<Time>
average life of service capital 1

<industrial output>

average life of service capital

<average life of service capital 2 s>

Jobs
<agricultural input
per hectare>

<Industrial
Capital>

<Arable Land>

<GDP pc unit>
<industrial output per capita>

<unit agricultural
input>
jobs per hectare

potential jobs
agricultural sector

potential jobs
industrial sector

jobs per industrial
capital unit

potential jobs
service sector

jobs per hectare table
<labor force>

<Service
Capital>

jobs
jobs per service
capital unit

<service output per capita>

labor utilization fraction
<GDP pc unit>
Delayed Labor
Utilization
Fraction

jobs per industrial
capital unit table

jobs per service
capital unit table

capacity utilization fraction

capacity utilization fraction table

labor utilization fraction delay time
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Human Welfare
Index

Life Expectancy
Index

Ref Hi GDP

GDP Index

Education Index

Ref Lo GDP

<one year>

<GDP pc unit>
Education Index
GDP per capita
LOOKUP

Life Expectancy
Index LOOKUP

<GDP pc unit>

<life expectancy>
<industrial output
per capita>

Human Ecological
Footprint

Arable Land in
Urban Land
Gigahectares (GHA)
(GHA)

Total Land

<Urban and
Industrial
Land>

ha per unit of
pollution

Absorption Land
(GHA)

ha per Gha
<Arable
Land>

GDP per capita
LOOKUP

<ha per Gha>
<persistent pollution
generation rate>
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Scenario Inputs
POLICY YEAR scenario table
POLICY YEAR use custom
POLICY YEAR
industrial output per capita desired use custom
industrial output per industrial output per capita desired
POLICY YEAR s
industrial output per capita desired scenario table
capita desired s

average life of agricultural inputs 2
average life of agricultural inputs scenario table

fertility control
effectiveness time s

average life of
agricultural inputs 2 s

average life of agricultural inputs 2 use custom

industrial
equilibrium time s

average life
of service
capital 2 s

average life of service capital 2 use custom
average life of service capital scenario table
average life of service capital 2

initial nonrenewable
resources s

scenario
average life of industrial capital 2 use custom

average life of
industrial capital 2 s

average life of industrial capital scenario table
average life of industrial capital 2

industrial equilibrium time
industrial equilibrium time scenario table
industrial equilibrium time use custom
initial nonrenewable resources scenario table
initial nonrenewable resources
initial nonrenewable resources use custom

fraction of industrial capital
allocated to obtaining resources
switch time s

persistent pollution
technology change time s

persistent pollution technology change use custom
persistent pollution technology change scenario table

fraction of industrial capital allocated to obtaining resources switch time use custom
fraction of industrial capital allocated to obtaining resources switch time scenario table
fraction of industrial capital allocated to obtaining resources switch time

land life policy land life policy implementation time
implementation time s land life policy time scenario table
land life policy time use custom

persistent pollution technology change time
resource technology change time use custom
resource technology change time

fertility control effectiveness time use custom
fertility control effectiveness time scenario table
fertility control effectiveness time

land yield policy
time s

resource technology
change time s

resource technology change time scenario table
zero population
growth time s

land yield policy time
land yield policy time scenario table
land yield policy time use custom

zero population growth time
zero population growth time use custom
zero population growth time scenario table
All this structure is just a way to allows changes to the scenario number to be used to replicate each scenario. When the
scenario number is 0 (or ... use custom is 1) the ...s values used match exactly the input constant (shown in magenta).
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