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“Turning and turning in the widening gyre

The falcon cannot hear the falconer;

Things fall apart; the centre cannot hold;

Mere anarchy is loosed upon the world,

The blood-dimmed tide is loosed, and everywhere

The ceremony of innocence is drowned;

The best lack all convictions, while the worst

Are full of passionate intensity.”

--W.B. Yeats, Second Coming

1. Introduction

Human civilisation as a whole is a large complicated organisation, which policymakers attempt to manage. In an ideal world they would try to optimise performance of the system. Citizens and more specifically the incumbents are perceiving events. There is no doubt that society as we know it is changing.  The western world is entering a new post-modern era: the information age. History tells us this type of transition is often associated with dramatic restructuring of all levels of social hierarchy. On a micro scale, some citizens see new opportunities that, through entrepreneurship, allow them to become important players within the socio-economic system, while some incumbents lose their power or status because the new trends forced their specific “niche” out of existence. On the opposite end of the spectrum, on the macro-scale, a similar story holds true. As far as international relations are concerned, those countries seizing new opportunities faster or better than others have a fair chance of becoming dominant players within the global community.

Many policymakers are looking for ways to identify and exploit the new opportunities provided by the transition to the global networked knowledge society, while avoiding potential threats.

The economy is one of the first aspects that need discussing. In particular, we need to ask “What if anything, is the ‘New Economy/’” Is it really no more than e-commerce?  Will the new possibilities offered by networking and by ‘the network’ culminate in increasingly large oligopolies or will they be used to coordinate efforts of small companies? And if knowledge is becoming the most important asset does that not raise a lot of issues concerning learning, education and digital illiteracy? Will someone who is not equipped, skilled enough or willing to use the network still be able to participate economically, socially and culturally in society, or will the network’s universal accessibility and user-friendliness make it so transparent that equipment, skills and training will really stop being an issue?  It seems naïve to suppose this type of society will painlessly emerge from ours, or is there a way to achieve/accelerate this? If not, the resulting exclusion may be reinforced by the aging of European society  New technologies increase the liklihood that growing proportions of society will be economically inactive (through their own choice, longer periods of education or digital exclusion). This could threaten the societal and economic sustainability of societies built on economic activity as the primary carrier of social interaction and on intergenerational transfers as the primary way to pay for training the young and caring for the old and infirm. . Will virtual migration be sufficient to sustain an increasingly large inactive fraction of the population or is this so inherently unsustainable that extensive changes in the social system will be needed in the end anyhow? The network offers the possibility of dramatically improved citizen participation in all aspects of society (governments, companies & NGOs) but what are the incentives for incumbents to facilitate these fundamental institutional changes? The emerging global problems, the ubiquitous world wide network and the accompanying lingua franca could be interpreted as weak signals of a planet-wide global governance institution, but how can agreement of such a scale be made in a world where different players still have different priorities?  In a world with an emergent global governance system, we must still ask whether there will be scope for cultural (or any other form) of diversity, and whether a world without ‘real’ diversity can have the resilience that sustainability requires. One global issue that concerns the western world is the environmental problématique.  In developing countries however, this is not the most urgent issue. Many countries are still having problems to even fulfil demand for food from their populations and economic development is (and should be) their main objective. World development has been fuelled by economic aspiriation, and the consequence of its success is a burgeoning middle class. Unfortunately the world cannot sustain its exploding global middle-class at their desired consumption levels. Can scenarios be developed that offer a convincing – and, more importantly, engaging – road-map to a sustainable information age.  

Do we really need to stop development or do we have to accelerate technological development and roll out to achieve a sustainable civilisation? Will either offer resilient sustainability balanced across economic, socio-cultural and environmental concerns? It is obvious that either course risks rebound effects and that sustainability will not be an automatic result of technological development. Scientific and technological development has never been so fast but it remains to be seen whether society can create institutions that race to meet the possibilities of the emergent Brave New World to meet its challenges or if the “neo-luddites” are right and technological development needs to be slowed down (or even stopped) to leave society with time to adapt.

To attempt to formulate an approach to answering these questions and possibly even to discover more questions, the European Commission started a three-year international, multidisciplinary research project - TERRA 2000. This project has set out on a course of applying systemic and multidisciplinary thinking to assess the current state of the world from a European perspective and to formulate policy analyses that will allow Europe to play an optimal role in the transition to the GNKS without jeopardising its values and lifestyles.

The project is organised around three pillars in order to assess the issues at hand: a modelling-pillar, a scenario-pillar and a discourse-pillar.


The modelling-pillar’s goal is to create models of the situation at hand and be in- and output to the scenario-pillar


The scenario-pillar’s task is to write creative “story-lines” as input for creating future proof model-structures and interpret output generated with the models into readable prose.


The dissemination-pillar’s mission is to engage in a broad discussion with the general public concerning their views upon current developments and on the assumptions that went into models and scenarios. The public’s feedback forms a substantial and essential input for the elaboration of TERRA content.

2.  Why a new model is needed?

 “Limits to Growth”, published in 1972, reported  a study commissioned by a group of industrialists (the Club of Rome) who first met in 1968. Their idea was to represent the combined systemic effect of explosive population growth and industrial development by applying advanced computer simulation models. The main novelty of the report and its associated World3 model was that for the first time a number of phenomena were studied in their linked context. The report’s impact was great; more than several million copies in 29 languages were sold. It is no exaggeration to claim that it profoundly changed the global perception of the world and catalysed “ecological” thinking throughout the world.

World3 was based on earlier world modelling work by Jay W. Forrester (hence the 3), as elaborated by Donella H. Meadows, Dennis L. Meadows, Jørgen Randers and William W. Behrens III. It was the foundation of many other modelling efforts to come, e.g. the regionalised world model developed by Mihajlo Mesarovic and Eduard Pestel for the second report to the Club of Rome (1974), “Mankind at the Turning Point”.

In 1991 Meadows et al published the sequel to “Limits to Growth”. The conclusions were based on a revised version of the World3 model (often referred to as World3-91), the effect of erosion on agricultural production has been taken into account. The knowledge that existed in the early seventies had increased a lot through new research, and the 1991 revision of World3 added these recent findings into the model. When referring to the World3, we are implicitly referring to the 1991 revision.

In many ways, the World3 model is the type of model that should ultimately form the macro-level landing place for the modelling initiative begun by TERRA. The model itself is not too complicated, so that it can be understood by a broad audience. The model has a global scope. It is based on well documented, scientific assumptions and over the last 30 years it has proven itself to be quite future proof, since even though the model has been revised in 1991, at the time of the revision no fundamental structural changes were required.

There are however some reasons, why the European Commission feels World3 cannot be applied to assess some of today’s issues. 

No explicit representation of socio-economic dimension

World3 has a strong focus on the environmental aspects and resource use from an industrial perspective for sustainable development. The social aspects are left for interpretation by the model-user. The TERRA-2000 project aims to explicitly represent the social fabric of society, more specifically how it affects and is affected by other model elements. For instance, it is important that an explicit representation of how consumption behaviour is affected by growth in GDP
 per capita, and vice versa, is present. Another set of impacts that imperatively needs to be represented are those related to equity. The effects of income equity (and inequity) on societal stability is a topic of great interest to the European decision makers, since in many European countries the internal income inequities are rising. Furthermore, on an international scale, average income inequities seem to play a major role in migration patterns, another topic of great concern to the European politicians.

No representation of governance 

The creators of World3 have decided not to incorporate much of the decision making process within their model. While we understand the many reasons not to do so
, nevertheless the need to have some representation of decision mechanism is real.  Many are talking about new forms of governance (with distinct roles for governments, civil society and the business world), the increasing importance of NGOs, networked citizen participation and how much more effective this way of governing would be. Beyond ideological beliefs, not much can be said however before this has been thoroughly thought through and modelled.

No representation of networking

One of the main drivers of change in the OECD
-type countries is the increased usage and accelerating roll-out of networking technologies. Networking is used in the broad sense of the term here and includes such diverse concepts a mobile phones, internet, telephones, videoconferencing, tele-working,… Being an “older” model, World3 has no explicit representation of networking, except for the effect implied in continuing productivity increases. Many challenge the opinion that enhanced networking only leads to small increments in productivity, but rather assume that networking will lead to an information revolution with impacts on society as profound as the ones caused by the industrial revolution. The TERRA 2000 project will model different assumptions of the roll-out of networking and its potential consequences.

It is now clear why a successor to the 30 year old World3 model is needed. In the next section some of the issues and ideas concerning the modelling of innovation in a future proof way, that were the result of research within the TERRA 2000 project, will be discussed.

3. Overview of the Structure of the TERRA model

The scope of this paper is not sufficient to describe the model developed for the macro-level dynamics of TERRA 2000 in any detail.  Instead an approach has been chosen in which the thinking that led to the model and the choice of the sub-models and the driving equations behind each of the sub-models are briefly discussed.

The drawing underneath is a graphical representation of the dominant relations within the model.  
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Figure 1. Dominant Relations of the model

Four different types of capital were identified as central to the macro-level TERRA model:  Human capital, Natural Capital, Social Capital and Physical Capital. One will notice that some variables are represented in boxes, and others are not. This is not due to neglect but rather a first attempt to distinguish between the levels and the auxiliaries.  

As it stands in the above picture, it is unlikely that all dominant relations are yet (correctly) represented, but this graphical representation is a truthful rendition of the dominant relations as they exist within the model.

Since even this model was growing quite complicated as it was fleshed out, the decision was taken to divide it into a number of sub-models.  The choice of the five sub-models is mainly related to a number of issues of particular interest to the commission and the TERRA 2000 researchers. The first sub-models is the “Networking, Knowledge and Technology” sub-model, in figure 1 its main components can be found on the left side. The second sub-model is the “economy and natural resources” sub-model, the third is concerned with population, the fourth with education and the fifth is a rendition of the social fabric.

4. Sub-models and brief description

Introduction

As stated earlier in this document the model will not entirely be discussed.  A graphical rendering and a brief summary of the main equations for each of the sub-models are given.  The full equations of the model are given in appendix (this includes comment with each of the variables).  Note that this model’s purpose is mostly to act as an elaborate proof of concept of the model structure.  This means that some of the equations still need work and better empirical foundations.

4.1 Dominant Relations: Networking, Knowledge and Technology
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Figure 2. The Networking, Knowledge and Technology sub-model (1)

These relations are the core novelty of insight for TERRA, thus making them a good choice for a starting point. Technology is applied as a multiplier in quite some other linkages, so we will start this section of by studying what its drivers are.

1. 
Name:

Growth of Technology =
Equation:
1.5 * Growth Rate of Knowledge Mastery * Technology * POWER 



(Knowledge, 0.075) * "Applied R&D Policy Handle" * 



(4 *Knowledge- Technology) / (4 * Knowledge) 

Units:

1

Description:
The growth rate of technology is 50% larger than the growth-rate of human knowledge mastery. In further versions of the model this specific factor (the 1.5 at the beginning of the equation) will be depending on investments in R&D by companies. The growth of technology is limited by the amount of knowledge. (The factor 4 indicates that although both values (Technology and Knowledge) are normalised at 1, we assume that knowledge is a factor 4 larger than the amount of technology).

Technology is mostly governed by changes in Knowledge Mastery, whose drivers will discussed later (in the “Dominant Relations: Education”-section).  

Another key feature of the model is Networking. Its growth is driven by the growth of physical capital (see “Dominant Relations: Economics”) and dampened by inequity increases (see “Dominant Relations: Social Fabric”).
2.
Name:

Growth of Networking =
Equation:
(1 - Networking) * 0.4 / Inequity * (Growth Rate of Value of Physical 


Capital + Growth Rate of Fraction of ICT Infrastructure) * Networking 


* Networking Incentives Policy Handle

Units:

1

Description:
The base rate of growth of networking is 40%. We assume that 
inequity would have a bad impact on growth and that the growth of 
physical capital and the fraction of ICT in infrastructure would have a 
positive effect.

3.
Name:

Growth of Knowledge =
Equation:
0.015 * Knowledge * POWER (Networking / Initial Value of 



Networking, 0.15 * "R&D Policy Handle") * POWER (Fraction of 


Lifetime dedicated to Learning * Population / 6e+008, 0.1) 

Units:

1

Description:
The growth of knowledge is governed by the growth of networking, education and the effort put in R&D.  In the next version of the model we need to use human capital here in stead of population and education; additionally technology clearly has an influence here.

Knowledge growth is driven by networking and to a lesser extent by the fraction of lifetime dedicated to learning (see “Dominant Relations: Education”) and population.

4.2 Dominant Relations: Economics
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Figure 3.  The economic sub-model (2)

The main driver of the model is the economy, driving the flows transforming “Accessible Natural Capital” into “Material Consumption” and into “Physical Capital” through Investments. The size of these flows is also linearly affected by the “dematerialisation & immaterialisation” auxiliary (see “Dominant Relations: Social Fabric”)

1.
Name:

Economic Activity =
Equation:
MIN (Maximum Feasible Economic Activity, 3.68 * productivity * 

POWER(Human Capital , 0.6) * POWER 
(Value of Physical Capital, 

0.4)) 

Units:

Trillion Dollars

Description:
This auxiliary represents total economic activity (aggregated over all sectors). We are using a production function, inspired on the Cobb-Douglas representation (with a constant alpha = 0.4), in which we substituted labour with human capital.  Notice that the maximum size of the economy is limited by the Maximum Feasible Economic Activity auxiliary.

The main drivers of the economic activity are human capital, physical capital and productivity.

2.
Name:

Human Capital =
Equation:
Labour Participation Rate * Population * Human Knowledge Mastery / 


1e+009

Units:

billion persons

Description:
This value represents the economic value of the global active population.  In the next version of the model, this should probably also be affected by Quality of life...

3.
Name:

Physical Capital = 
Equation:
INTEG (investments - Depreciation , 40) 

Units:

Billion Dollars

Description:
Physical capital is the amount of natural resources that have been transformed into assets through investments.

4.
Name:

productivity = 
Equation:
POWER (Technology, 0.7) * POWER (Networking / Initial Value of 

Networking, 0.1 * Policy Handle for eCommerce) 

Units:

1

Description:
This auxiliary calculates the productivity used as a multiplier for the economic activity.  Technology and networking are its main drivers.

Let us first take a look at dynamics of physical capital.

5.
Name:

investments =
Equation:
MIN (Accessible Natural Capital * Investment Fraction, (1 - 



"Dematerialisation  & Immaterialisation") * Economic Activity * 



Investment Fraction) 

Units:

Billion Dollars

Description:
Investments represent the flow of capital from natural capital to physical capital. It is affected by the investment fraction and economic activity.

Physical capital is driven by Economic Activity and the Investment Fraction.  The investment fraction is a constant (in the current version of the model), so the dominant factor is the size of the economy.

When looking at productivity:

6.
Name:

productivity =
Equation:
POWER (Technology, 0.7) * POWER (Networking / Initial Value of 


Networking, 0.1 * Policy Handle for eCommerce) 

Units:

1

Description:
This auxiliary calculates the productivity used as a multiplier for the economic activity.  Technology and networking are its main drivers.

The main driver appears to be technological progress. Technology was discussed in the previous section.

4.3 Dominant Relations: Population
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Figure 4. The population sub-model (3)

Obviously one of the main drivers of human capital (and thus economic activity) is population.

1.
Name:

Population = 
Equation:
INTEG (Births - Deaths, 6e+009) 

Units:

person

Description:
Population is a level representing the global population.  It is governed by deaths and births.

The two variables affecting population are births and deaths.  In the current representation (that still needs to and will be improved later on) the death rate is driven by technology (technological advances increasing life-expectancy) and the birth-rate is converging towards the death-rate over a time-period called population stabilising time. This population stabilising time is a model parameter allowing for some crude population scenario-exploration.

4.4 Dominant Relations: Education
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Figure 5.  The education sub-model (4)

As stated earlier, human capital is driven by the population, the labour participation rate and the human knowledge mastery. Since both Population and the labour participation rate saturate they have a relatively small effect on human capital – when considering a long time period - compared to the impact of human knowledge mastery. So it is human knowledge mastery that is really driving the changes (since it is a level, we will be looking at what drives the growth of the level).

1.
Name:

Growth of Knowledge Mastery =
Equation:
0.003 * POWER (Average Education Level / 6, 1) * POWER 



(Knowledge, 0.03) * Human Knowledge Mastery * Education Quality 

Units:

1

Description:
We assume a base growth of 1% of knowledge mastery, influenced to considerable extent by the average education level, and to a lesser extent by total knowledge.

A quick glance at the equation reveals that the main drivers of the Knowledge Mastery are Average Education level and quality.

2.
Name:

Education Quality = 
Equation:
1 + (Networking - Initial Value of Networking) / (1 - Initial Value of 


Networking) * 0.25

Units:

1

Description:
This variable is a very crude representation of education quality.  The assumption is that as networking saturates, education quality goes up with 25%

The average education level is the sum of formal education and life long learning, who are driven as represented underneath.

3.
Name:

Growth of Formal Education =
Equation:
(Maximum Fraction of Life in Formal Education * Average Life 



Expectancy - Formal Education) / (Maximum Fraction of Life in 



Formal Education * Average Life Expectancy) * 0.01 * Formal 



Education Policy Handle * Formal Education * POWER (Knowledge, 


0.05) 

Units:

Year

Description:
A base rate of growth of 3% is assumed for formal education, influenced by education policies and knowledge.  The equation for growth is chosen so that the behaviour of formal education will be a logistic curve saturating at the maximum number of years that a person is willing to spend in the education system (calculated by multiplying "Maximum Fraction of Life in Formal Education" with "Average Life Expectancy")

4.
Name:

Growth of Lifelong Learning =
Equation:
(Average Life Expectancy * (1 - Maximum Fraction of Life in Formal 

Education ) * Maximum Fraction of Professional Life in Lifelong 


Learning – Lifelong Learning) / (Average Life Expectancy * (1 - 


Maximum Fraction of Life in Formal Education) * Maximum Fraction 

of Professional Life in Lifelong Learning) * 0.003 * Lifelong Learning 

* POWER ( Knowledge ,0.01) * POWER ( Networking / Initial Value 

of Networking, 0.3 * eLearning Policy Handle) 


Units:

Year

Description:
A base rate of growth of 1.5% is assumed for life long learning, influenced by e-learning policies, the growth of networking and knowledge. The equation for growth is chosen so that the behaviour of formal education will be a logistic curve saturating at the maximum number of years that a person is willing to spend on life long learning on top of the time spent in the education system

The main drivers of education levels are knowledge and networking, these were discussed in the “Dominant Relations: Networking, Knowledge and Technology” section.

4.5 Dominant Relations: Social Fabric
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Figure 6.  The social fabric sub-model (5)

One of the key-issues that requires attention by the TERRA-team is inequity.

1.
Name:

Reduction of Inequity =
Equation:
(Inequity - 0.25) / Inequity * Institutional Structure * POWER ((GDP 


per Capita / 7695), 0.5) * 0.001 * Inequity 

Units:

1

Description:
The minimal feasible value of inequity is probably close to the GINI-index of Scandinavian countries (0.25). In order to decrease the inequity institutional structure changes are required, as well as considerable increases in average GDP per capita.

Inequity is mainly driven by changes in institutional structure and in GDP per Capita.  (see lower)  Institutional changes are driven by changes in social structure.

2.
Name:

Improvement of Social Structure =
Equation:
0.01 * POWER (Human Capital / Initial Value for Human Capital, 


0.3) * POWER (Quality of Life, 0.3) * POWER ("Initial GINI-index 


for Inequity"/ Inequity, 0.3) * POWER (Value Structure /Initial 



Value of Value Structure, 0.3) 

Units:

1

Description:
Changes in social structure are mainly driven by changes in human capital, in quality of life, in the value structure and in the inequity index.  The base improvement rate is 1%.

The dynamics of social structure are affected by human capital, quality of life, inequity and the value structure.  The value structure changes through changes in inequity and quality of life.  So the main dynamic to be considered is quality of life.

3.
Name:

Quality of Life = 
Equation:
POWER (GDP per Capita / 8000, 0.3)/(Environmental Stress + 1e-


018) 

Units:

1

Description:
The quality of life index is approximated by this simple equation relating only to GDP per capita and environmental stress. This is an over-simplification, and merely a place-holder for later work.

Environmental stress and GDP per capita are the main drivers here.  

4.
Name:

GDP per Capita =
Equation:
(Economic Activity * 1e+012)/( Population) 

Units:

Dollar/person

Description:
GDP per capita is calculated by dividing total economic activity by the 

population

GDP per capita is the economic activity divided by Population (both discussed earlier). Environmental stress is discussed later. What was not described (but was mentioned in the “Dominant Relations: Economics” section) is “Dematerialisation & Immaterialisation” that directly influences the size of the material flows.

5.
Name:

"Dematerialisation & Immaterialisation"
Equation:
1 - (0.25 / (Factor * SQRT (Technology))) 

Units:

1

Description:
Dematerialisation & Immaterialisation represents the extent to which the consumption of goods in non-material.

Dematerialisation & immaterialisation is driven by technology, representing the increasing efficiency of the production process and product use (=dematerialisation) and by a variable called “Factor”, representing a modification in consumption patterns (= immaterialisation). 

A typical example to illustrate the Factor concept are Factor 4 and Factor 10 dematerialisation, they represent an efficiency increase reducing the material flow per monetary unit by a factor of 4 or 10 respectively.  The model allows for the introduction of any factor (10, 4, 50,…) over a chosen time span.

4.6 Dominant Relations: Material Resources & Environment

All material resources available to humanity are represented in an aggregated way by means of the “Accessible Natural Capital” level.

1.
Name:

Accessible Natural Capital = 
Equation:
INTEG (recycling A + recycling B + "Extension / Repletion" - Material 


Consumption - investments, 4000) 

Units:

Billion Dollars

Description:
This level represents the total amount of available natural resources.

The level is depleted through Investments and Material Consumption (see “Dominant Relations: economics” earlier) and replenished through recycling (of consumed goods and of fully depreciated physical capital) and through “Extension / Repletion”.

2.
Name:

"Extension / Repletion" = 
Equation:
0.0001 * Accessible Natural Capital * Infrastructure Efficiency 

Units:

1

Description:
Part of the natural resources are regenerating themselves slowly (eg. forests), but as human society evolves, new sources of natural capital are discovered as well as new ways to exploit them. The harvesting of these resources requires infrastructure and thus the repletion/extension of natural capital is mainly driven by the total infrastructure efficiency index.

Infrastructure efficiency is a function of technological progress and the increase in physical capital (both discussed earlier).  Perhaps “Infrastructure Efficiency” is a misleading name, and it should rather be named “Infrastructure Capacity”.

3.
Name:

Growth of Infrastructure Efficiency =
Equation:
(Growth Rate of Value of Physical Capital + Growth Rate of 



Technology *
Fraction of Optimal use of Technology in New 



Infrastructure) * Infrastructure Efficiency

Units:

1

Description:
The total infrastructure efficiency grows at a rate composed of the weighted sum of the growth rate of physical capital and technology. The weight of the growth rate of technology is called the Fraction of Optimal use of technology in infrastructure.

Environmental stress is represented by a level normalised at 1 for the year 1995.  The entire dynamic of this level is controlled by the “stress decrease”-flow, but since this flow can become negative, environmental stress growth is also possible. The assumption is that environmental stress decreases or increases at the same rate as the available natural capital.

4.
Name:

Stress Decrease =
Equation:
IF THEN ELSE (Net Natural Capital Growth Rate < 0, Net Natural 


Capital
Growth Rate * Environmental Stress, MIN (Environmental 


Stress, Net Natural Capital Growth Rate * Environmental Stress)) 

Units:

1

Description:
The decrease rate of environmental stress is equal to the net growth rate of natural capital.

The net natural capital growth rate is calculated as follows:

6.
Name:

Net Natural Capital Growth Rate =
Equation:
("Extension / Repletion" + recycling A + recycling B - Material 



Consumption - investments) / Accessible Natural Capital 

Units:

1

Description:
This auxiliary represents the calculated growth rate of natural capital.

This rate is directly depending on the size of the economy and on dematerialisation & immaterialisation.

This concludes the brief structured overview of the dominant relations within the model.  In the next section an overview of some simulation results obtained with the model are given.

5.  Some simulation results

Introduction

Once again we will not be able to go into the details and full richness of the simulation results that were obtained so far.  Instead a number of interesting highlights are presented and commented upon.  

5.1 The framing scenarios

As it stands the model has a set of abstract policy handles that act as place holders for the implementation of more realistic policy handles that will be implemented as the model gets refined further.  For the time being, the policy handles are no more than a set of multiplier parameters that hold the value 1 for business as usual.  Different policies can be explored by raising or lowering this value.  A framing scenario is a certain combination of values given to the policy handles. 

The elaboration of these parameters that will act as a policy interface is still in an early phase, and a lot of problems still need to be worked out.  For instance, there is no “cost” associated with the changing of the value of a parameter, so one could chose to double the value of all policy levers.  In other term no trade-offs need to be made, which does not contribute to the realism of the model.  Another problem is that in reality the different policies will not be so strongly decoupled as they are in the current representation.  Does anyone really believe that factor 10 dematerialisation can be achieved without increased R&D effort, or a severe focus on education?

The four scenarios (apart from the base case) we will consider do however have some interesting aspect to them (and are related to policies often quoted as the answer to the issues at hand). The base case simulation run serves as a reference for the other runs.  It represents the case when no special action is undertaken (all policy handles are set to 1).

More R&D

This data set is the result of setting the R&D policy handle to 1.5, representing a 50 percent increase in research efforts.

Faster roll-out of networking

The speed at which networking technology is introduced is increased by 50 percent.  The increased networking policy handle is set to 1.5.

More education

Again a 50 percent increase is introduced, this time in education effort.  This framing scenario is a good example of the difficulty of operationalising an abstract scenario. It is very hard to picture what a 50 percent increase in education effort would mean in practical terms (certainly not raising the budget by 50 percent, since this would probably just lead to a decrease in efficiency)

Factor 10 in 50 years

The factor 10 scenario is a popular one amongst “green” thinkers.  Like mentioned earlier it represents the transition to an economy where the material flows associated with the generation of one monetary unit in the economy is reduced by a factor 10.  This transition is done over a 50 year time span.

5.2 Simulation results

When looking at the simulation results it is important to realise that the goal of the model at this stage is not to make exact predictions, but rather to understand how to control the dynamics of the transition to the Global Networked Knowledge Society. In other terms, please do not pay to much attention to the absolute values and exact dates of the variables shown. Later versions of the model will have a stronger empirical basis and will allow for some coarse forecasting.

World3 was highly concerned with resources utilisation, and in many ways the TERRA macro-level model is intended to be its complement. This makes the natural resources a good starting point to compare our different scenarios.  
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The only scenario in which we do not exhaust our natural resources is the factor 10 scenario.  The other scenarios seem more or less equivalent when looking at this graphic. This is due to the difference of scale of the different datasets. By looking at environmental stress (that is inversely proportional to the available natural resources, and normalised at value 1 for 1995) some additional detail can be extracted.
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The most important thing to be noted is that environmental stress remains reasonably low in the factor 10 scenario. Even more remarkable is the discovery that in the increased education scenario (and even more so in the increased R&D scenario) environmental stress goes through a maximum and starts slowly going down again.  This might be an indication that the neo-luddite dream of stopping human development as much as possible, in order to save the world is probably wrong.  

Often one hears claims that the globe’s worst problem (the root cause of all problems
) is crowding or over-population. In order to assess whether this statement makes sense, a sensitivity analysis has been conducted. The parameter that was varied between the different runs was the time it took for the global population number to stabilise. (Random uniform variations shifted the value from the generally accepted 60 years to any number between 20 and 100 years).  The result on the population can be seen in the graph on the following page.

Sensitivity Analysis of Population to Stabilisation time
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The end population varies somewhere between 7 and 14 billion people.  Let us take a look at how this affects the natural resources.

Sensitivity of Accessible Natural capital to Population
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While it does have some effect on the exact point in time when the resources run out, apparently this has no major impact on the total dynamic of the problem.

Before continuing the discussion concerning the direction the future might evolve into under different framing scenarios, let’s first see the specific impact of each scenario.
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Of course an increase in R&D will mainly have an impact on the total knowledge.
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The effect of increased knowledge will trickle through into the productivity numbers. Faster rollout of networking has a high impact initially, but since it ultimately saturates, the long term effects can nearly be neglected. It is worth of mention that even so the faster deployment of networking leads to a permanent productivity advantage compared to the base case. In a competitive framework, this is the kind of small advantages that can turn out to make huge differences (historically all the countries that moved fast into the industrial revolution are still doing very well today) especially when other factors like economic lock-in are added to the dynamic.
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Clearly the roll-out of networking is an optimistic (OECD-like) vision of how networking is likely to evolve. The faster rollout of networking leads to a considerably faster saturation of the networking market, this has considerable consequences on the economic growth number during the years of introduction.
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Unfortunately the saturation effect leads to a quicker drop of the growth than in the other scenarios. Again it is often strategically important to be the first or at least fast. The regionalised version of this model should demonstrate this. Increased focus on education leads to an increase of the average education level.
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Which in turn has a positive impact on the productivity (please refer to the productivity graph shown earlier), although not as much as investments in R&D. Please note that in reality it is nearly impossible to decouple education and R&D, so this difference is highly artificial.
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All the scenarios display the natural tendency of economic production processes to become increasingly effective, in the Factor 10 in 50 years scenario, the dematerialisation & immaterialisation fraction is forced to a higher value over a 50 year period of time.
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The graph representing the growth rate of physical capital clearly shows how the older physical capital is discarded and replaced by newer, more efficient physical capital. In the other scenarios the resources available at the time of the crash are insufficient to replace the devaluated physical capital.
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The factor 10 framework is the only to avoid the economic crash in the 2090s. This crash is of a scope never experienced before, and the consequences of this catastrophe compared to which the black plague will be a trivial occurrence, are such that any attempt to model what would happen after it is probably doomed to fail.  Indeed a drop back of the economic output by nearly 50 percent would be the cause of massive civil unrest, wars over the remaining resources, …
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The GDP/Capita numbers show results fitting what was to be expected based on the previous graph.
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Of course money is not all what matters in a persons life, and the social fabric model includes an indicator for the quality of life.
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Again only the factor 10 scenario leads to a permanent increase in quality of life, and if we look at the inequity graph the same story holds true.  
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But is the factor 10 scenario truly a sustainable solution, or have we just managed to shift our problems in time?  A way to assess this is to look at the net growth rate of natural capital. If it is zero (or larger than zero) sustainable development has been reached.
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At first everything seems good, but zooming in on the first and then the last 50 years of the simulation respectively, the harsh truth is revealed.
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Sadly, even the factor 10 scenario appears not to be a path towards true sustainability.  It does however buy humanity quite some time, and all in all these result seems to imply that factor ten is not a sufficient but a least a needed policy!

6. Roadmap for Further model development


Introduction

In this chapter a coarse outline of the steps that still need to be taken to flesh out the model further is sketched out.  Only the main lines of development will be sketched out.

6.1 Social Fabric

The weakest part of the model is the social fabric part.  This is due to several factors including the fact that social scientists are often not used to think in formal modelling terms and that there are not many precedents in which social systems have been formally modelled.

What needs to be researched and represented additionally:

· More detailed representation of  inequity.

· It was shown empirically that people carry their values with them until they die.  This finding added to the life expectancy increasing worldwide, leads to an interesting question.  The time constant of value structure changes is increasing, while technological (and societal) change is accelerating.  What will be the long term effects of this paradox?

· Aging of the population in the developed world and its impact.

· Impact of education on values and vice-versa.

· Technological product consumption patterns and its drivers

· What drives some cultures to adopt technologies faster than others?

· Food consumption patterns and its dynamic

· Vegetarian fraction growing in developed world

· Meat consumption increasing in developing countries

· Disruption of the social fabric due to fast transition of small-scale to industrial-scale agriculture (from rural poverty to urban misery?) in developing countries

· Rural – urban transition / megalopolis formation 

· Urbanisation process and its impact on / of

· Education

· Income equity

· Gender equity

· Values 

· Birthrates 

· Health

· Suburbs phenomenon

· Dynamic (drivers)

· Impact on social fabric


6.2 From Regionalisation …

To represent the full dynamic behaviour of societal system, it is important that we have some representation of different actors and their competition for resources.  This has traditionally been done by creating separate sub-models of different regions or countries.  As a first step towards representing the multi-agent interaction within the Insight for TERRA model the model will be separated into a representation of the rich and poor fractions of the world.  The 80-20 rule will be used to set up the initial values for the two regions (20 percent of the population own 80 percent of all physical capital).  This intermediary step will help distinguish which specific model connections between regions are required to represent real world interactions.  Once this has been cleared, moving to a multi-region model should be no major effort…

The final goal is not to represent the world in classical geo-political regions however, since this approach has quite a lot of drawbacks.  It fails to represent internal dynamics of the selected regions well (regions within a larger region can be totally different from each other), and major schisms are very difficult to predict.  For instance in traditional regionalised models the ex-soviet union was commonly represented as one block (and this made a lot of sense) but since the fall of the soviet regime it is not unlikely that in the long run some former soviet states might join the European Union (the Baltic states jump to mind).

What is really needed is some type of representation of large socio-economic communities of interest (beyond national borders) and their interactions.  The binding element holding these CoIs together are their values and views, hence the importance of having a good representation of the social fabric.  The CoI topic is discussed in the next section.


6.3 … To Representing Meshed Governance effects by means of COIs

When modelling the behaviour of large groups of persons, it is very often impossible to treat all the persons as one homogenous group, and it is even more unlikely that there’s a possibility to simulate the specific behaviour of each individual.  That is why we choose to divide the population into Communities of Interest.  These communities of interest are groups of people with a certain homogeneity in respect to a specific issue.

Most changes are not driven by individuals, but rather by groups of individuals.  The change(s) these groups willingly or unwillingly implement is/(are) driven by a common element of interest in all of the individuals composing a certain group.  When attempting to identify all the relevant actors in a certain system, all one needs to know is the specific interest making some persons drivers or dampers of change.  We will use these COIs as actors in our model, which will lead to simpler models if we manage to define all COIs for a certain model as a specific implementation of generic COI-model.  By collecting data about the size and leverage of each COI we can then attempt to add quantitative value to our model.

If one could identify all the COIs an individual belongs to at a certain point in time, one would end up with a kind of psychological/behavioural profile of a person.  (Un)fortunately it is impossible to determine all the COIs a player belongs to, and even if it were possible, the belonging to a certain COI would be fuzzy and time-variant.  Still, since most behaviour predicting models (be it economic, social or any other) with any credibility will be the ones addressing large groups of people, some COI assumptions are possible since most small variations (over a relatively short period) can be averaged out.  Because one person can be a member of more then one COI, it is obvious that normally the sum all the persons contained in each COI will be larger then the total population.  It might be a good idea to normalise this number so that this number is equal to the total population.  One method for doing this is the introduction of an exclusiveness factor for COIs.  The sum of the exclusiveness-factors of each COI a person is a member of, should be one.  This is of course only true for large groups of persons, where this total exclusiveness-number will be one on average.  For an individual there’s obviously no telling if the number will be 0.8 or 1.8.

Whilst in an ideal world every COI could be described as a set of parameters for a generic COI, in practice this will not always be possible, sometimes this will be due to the very specific nature of a COI, some other times to the fact that some model parameter data is only available for the total population and not for each individual COI.

It is the ambition of our modelling team to represent the different governmental systems by using this CoI methodology, and to see how they would likely behave within the framework of a changing world.


6.4 Improving the “one-sector” representation of economic production.

The core engine of the model is based on the traditional Cobb-Douglas function.  A new production function based on exergy that features many advantages was developed by Bob Ayres within the TERRA consortium.  It is clear that it is desirable to use this production function in the model.  
This will require some major changes to the model.  Most importantly the energy sector will need to be separately represented, and since this was needed the decision was made to disaggregate the economy in eight sectors to better reflect some of the effects of networking.

The sectors that should be represented separately are:

· MANFACTURING (in the broad, engineering sense of the term)



· AGRICULTURE & FOOD 





· HEALTH







· ICT








· FINANCIAL 







· TRANSPORT






· SERVICES (excluding ICT, HEALTH and FINANCIAL services) 

· ENERGY & RAW MATERIALS




7. Conclusions

We believe that we have partially succeeded in achieving the goals set within the TERRA project.  It is our opinion that the “Insight for TERRA” model developed is a good starting point for the further development of a more comprehensive model. A feasible roadmap for further development has been set out in the previous chapter of this document.

The simulation results shown confirm the concern raised by other (and earlier) modelling efforts. Our development pattern is heading us into a dead-end, and we are accelerating. Alarmingly, although the message from “limits to growth” was widely heard and was generally accepted since the seventies, we seem to be suffering from what we like to call “environmental schizophrenia”. Everyone agrees that something needs to be done, yet no-one seems to be doing much. Even though it is true that international frameworks for “ecological cooperation” have emerged in the early nineties (e.g. 1992, Rio UNO conference), they have (with the exception of the European Union) little or no means of enforcing any decision on the participants. It is a step forward, but one has to question if we still can afford the luxury of acting slowly.

Attempts have been made to introduce the question of the dynamic of decision making and implementation on the one hand and of the impact of different communities of interest on this process on the other hand, but this fell beyond the scope (and budget) of the project.

All in all, the TERRA project has had the merit of making a lot of people think about a number of different sustainability issues in novel ways, and we believe a number of other projects that emerge from within the TERRA 2000 consortium will continue to address the issues that remain unanswered at the end of the TERRA project and try to formulate answers to new questions that have been raised during the three year project.
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� Gross Domestic Product


� Basically they feel that human decision making can not be modelled, and that one should only model that which is modelable. 


� Organisation for Economic Cooperation and Development


� The reader knows that in complex system “root-causes” rarely exist, and can even more rarely be identified precisely, but let us keep an open mind.
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