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Executive summary 
This report describes the results of research that has attempted to create a spatially 
specific, dynamic genuine progress indicator accounting model for the Nelson 
Tasman regions and Motueka catchment of New Zealand. It outlines the context in 
which this model building activity emerged and the developmental process followed 
along with a detailed technical and theoretical description of the accounting model 
created. This model building activity responds to an urgent need that currently exists 
for the creation of accounting tools that can be used to make more publicly visible the 
ecological, social and financial costs associated with our modern, market economic, 
growth oriented way of life. Without accounting information of this kind it will be 
very difficult to manage our communities toward long term economic, ecological, 
cultural and social wellbeing outcomes. As any good business accountant knows, 
sound financial records (i.e. book keeping), the creation of regular statements of 
financial performance (i.e. accounting) and the regular verification of financial 
records (i.e. auditing) form an essential basis for profitable business management and 
decision-making. By comparison, the development of our communities towards 
socially fair, ecologically sustainable, economically sound and culturally diverse 
futures is a more complex management problem Thus, an urgent need exists for the 
creation of new accounting methods and tools for use in this area. The research on 
which this report is based has attempted to respond to this urgent need.  
 
The model described in this report has been created in a socially mediated, cross-
disciplinary model building context. Thus, the completed dynamic genuine progress 
indicator (GPI) accounting model described in this report combines local expert 
knowledge and scientific theory in the creation of a tool that contributes to, and has 
the potential to contribute towards a number of theory/practice domains. First, the 
model has been designed and created to meet the practice needs of Nelson Tasman, 
local government, planning and policy staff in their legislative responsibilities 
associated with the Resource Management Act (1991) and Local Government Act 
(2002). Second, the architecture of this model has been strongly influenced by the 
aspirations and management needs of community stakeholders within the Motueka 
catchment. While the model is technically quite advanced, the outputs of this model 
are directly relevant to the on-ground management needs of community members and 
business leaders wanting to move beyond the short term logic of market economics. 
Third, while this model is based on well established scientific theory and 
mathematical method, it makes what we believe to be, important contributions 
towards the fields of genuine progress indicator accounting and integrative science. 
As such, the model provides a valuable set of reference points from which to view 
and reflect on our current performance as a community. 
 
This report combines both narrative and more technical writing styles to present a 
written synthesis of the historical development of this model, a detailed description of 
its technical workings and a demonstration of how the model works. The history of 
this model is intimately linked to an innovative period of planning and strategic policy 
development in Nelson Tasman that saw the emergence of a quite visionary regional 
economic development strategy (REDs). Unfortunately, the implementation of the 
REDs failed to obtain central Government backing and funding. Along with the 
Nelson economic development agency, this model is an important part of the legacy 
of this visionary era. Much like the regional economic development strategy itself, 
this model building effort has made way against all the real world challenges 



associated with ever shifting Government research funding priorities, a somewhat 
bewildering array of stakeholder aspirations for the future, significant changes in local 
government priorities linked with our current economic landscape and shifts in 
political support. We have made the effort to document this contextual narrative. 
While not directly relevant to the technical workings of the model itself, this history 
records valuable information about the practical challenges associated with 
integrative science in New Zealand and the efforts we are making to envision a future 
beyond the calculus of market economic rationality.  
 
A business-as-usual run of the dynamic GPI accounting model described in this report 
unveils important aspects of the current ‘qualitative’ performance of the Nelson 
Tasman and Motueka local economies in broader ecological and social accounting 
terms. These results provide cause for concern that should lead to questions being 
asked about some of the economic fundamentals that we as New Zealand society 
(generally) and a local community (specifically) have readily taken for granted. Our 
book keeping shows that the local Nelson Tasman economy is currently making 
economic progress while carrying quite large ecological and social account deficits. 
In monetary accounting terms it will take some very creative book keeping and 
management to re-position this account ledger in the black as we move into the future. 
These results are of course subject to all the limiting assumptions of this model 
building work. However, as model builders it is our considered opinion that this 
business-as-usual run of the current model is based on conservative assumptions. 
More detailed research effort is unlikely to improve the current performance of this 
model accounting system in a way that substantially alleviates the account deficits 
described above.  
 
This model building effort is what we have described as a prototype. Were we to 
rebuild the model now with these years of experience many changes would be made. 
Thus, the completed dynamic GPI accounting model described in this report is but the 
very first step in a much longer research journey. Having said this, the current model 
already provides valuable insights. In particular, the model clearly shows that the 
market economic value proposition that we as a community are currently working 
from involves collateral costs that we poorly understand, mainly because they are 
currently not visible in accounting terms. The need for adequate accounting is 
arguably even more important at a time when central government is so highly focused 
on achieving economic growth outcomes in response to global economic instability. 
Given this context, we feel that the research outlined in this report makes an important 
contribution towards better understanding and addressing community wellbeing 
problems that exist in, but also extend beyond Nelson Tasman and the Motueka 
catchment.  
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1. Introduction 
This report has been written to provide a technical explanation of a mathematical 
model developed to help explore and assist in creating sustainable futures for the 
Nelson Tasman regions and Motueka Catchment. The research responsible for the 
development of this model began as two discrete programmes that eventually merged. 
This report explains how the model building work that was initially developed across 
two research programmes was eventually integrated into one, dynamic, genuine 
progress indicator (GPI) accounting model. 
 
The two models referred to above were initially developed with the aid of funding 
provided by the Sustainable Pathways and Motueka Integrated Catchment 
Management (ICM) research programmes1 in partnership with local Regional 
Councils2 and community stakeholders.3 We refer to this report as ‘technical’ because 
its main aim is to provide a scientific and mathematical explanation for the final 
dynamic GPI accounting model referred above. This technical report has been written 
first to provide an explanation of ‘how the model works’ as a point of reference for 
any future published work that will likely focus on ‘what the model tells us’. 
However, this report also ventures beyond technical description and explanation. 
 
In order to demonstrate that this dynamic GPI accounting model produces results that 
are consistent with mathematical logic and scientific theory, we have included a final 
results section to this report (section 10). The model results outlined in section 10 
demonstrate the performance of the dynamic GPI accounting model as run under 
high, medium, and low economic growth scenarios across all 4 levels of spatial scale 
included in the model (i.e. the Motueka catchment, Nelson City, Tasman District and 
Nelson Tasman). These basic runs of the model will be of interest to community 
members/groups, local businesses and Council staff. In addition to these basic growth 
scenarios, the model is capable of exploring much more. We expect this report will 
play an important role in determining what level of interest exists among local 
stakeholders to further apply this model beyond these basic variations of what is 
essentially business-as-usual development. 
 
It is difficult to focus attention solely on model design, underpinning assumptions and 
mathematical rationale without explaining the model-building context. Therefore, we 
have organised this report into two parts. Part 1 explains the model-building context. 
Consistent with this writing goal, the remainder of this introduction describes: (i) the 
naming conventions used in this report; (ii) the rationale behind the writing of this 
report; (iii) the characteristics of our dynamic GPI accounting model; and (iv) the 
goals we were seeking to achieve in its development. Finally, Part 2 of this report 
provides a technical description and explanation of the model as well as initial results 
to demonstrate how the model works. 
 

                                                
1  Funding for these two programmes was provided by the Foundation for Research, Science and 

Technology 
2  Nelson City Council (NCC) and Tasman District Council (TDC) 
3  A full list of community stakeholder groups who have contributed towards the development of this 

programme is located in the acknowledgements section of the report 
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1.1 An explanation of naming conventions used in this report 
The aim of this sub-section is to outline briefly the context that has contributed to the 
naming conventions used in this model building work. It is necessary to state these 
conventions clearly at the beginning of this report to avoid confusion about exactly 
what part of the dynamic GPI accounting model is being referred to in the reports 
various sections and sub-sections.  
 
The mathematical model described in this report is a somewhat complex accounting 
model that has been developed using a system dynamics (SD) programming software 
platform called Vensim (Ventana Systems 2002). In this introduction we refer to this 
model as a ‘systems model’ because it is not a full ‘system dynamics (SD) model’, 
even though it is built using SD modelling software. The use of the word systems 
implies that the model described here combines different economic, ecological, and 
social components in one mathematical framework. The method of combining these 
various components involves the use of an accounting architecture. Usually, an 
accounting architecture of this kind would be created in a spreadsheet. We have not 
done this because the model outlined in this report involves a level of model 
complexity that is beyond the computational limitations of a spreadsheet. Therefore, 
when we use the term ‘systems model’, we are describing a Vensim model that 
includes mathematical equations, a graphical user interface, and supporting data 
(organised and structured separately using Microsoft Excel worksheets).  
 
For a number of reasons, this ‘systems model’ has not been built according to well-
established system dynamics model construction methods. First, system dynamics 
model construction usually occurs in relative isolation from stakeholders who provide 
a background, high-level goal/problem orientation role. Thus, the result of a system 
dynamics model building process is a technical model that is not usually well 
understood by stakeholders, although it may be required to solve a specific problem. 
By contrast, the various modules that make up the dynamic GPI accounting model 
described in this report have been created with different levels of stakeholder 
involvement as part of a mutual model developer/stakeholder learning process. It is 
difficult to (strictly) follow a system dynamics model building method in a learning 
research context of this kind.   
 
A further reason for diverging from a strictly system dynamics model building 
approach is because the economic datasets used in our model have been derived from 
economic Input Output (IO) Tables. We attempted to structure the model around these 
datasets because they make it possible to observe model behaviour at an individual 
economic sector level of scale. If we had attempted to build a model with sector-by-
sector architecture using a system dynamics approach, it would have involved a large 
amount of additional model complexity that is really not justified, given what we 
were seeking to achieve. Instead, we decided to create a model that employs aspects 
of system dynamics architecture (where it is appropriately needed) along with a 
financial and non-financial accounting architecture (where it is appropriately needed).  
 
Model scale is another factor that influenced our choice of model building method. 
Our Vensim model has been designed to explore sustainable futures within three 
separate geographical areas. However, these three separate model entities coexist and 
are linked together within one Vensim model. This dynamic GPI accounting ‘model’ 
(singular), is therefore composed of three separate sub-models that are responsible for 
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calculating what is happening in three separate spatial areas including Nelson City, 
Tasman District, and the Motueka Catchment.4 The reason for building an economy 
environment model that focuses attention on what is happening within three 
geographical spaces is related to the history of this research project. As mentioned 
above, this model building work began as two separate research activities.  
 
One project (i.e. situated within the Sustainable Pathways research programme) began 
with the aim of building a mathematical model to help Regional Council staff explore 
sustainable futures at Nelson Tasman scale. This approach was initially taken because 
Nelson and Tasman are a unitary authority. However, as the research programme 
developed it became apparent that development of one model (representing the 
combined geographical interests of this unitary authority) was not ideally suited to the 
specific planning or policy needs of either local Council. This was because of the lack 
of detail on economic and/or ecological performance relating to component regions. 
For this reason, what started, as one combined unitary model became two separate 
regional models, one for Nelson City and one for Tasman District. With two separate 
models representing two spatial components of the combined Nelson Tasman unitary 
authority area, it was still possible to look at whole-of-region affects by adding 
together the individual Nelson and Tasman model results.  
 
A second project (i.e. supported within the Motueka Integrated Catchment 
Management (ICM) Programme) began with the aim of building an economy 
environment model at Catchment scale. This catchment-scale model started in a 
completely separate funding context from the Nelson Tasman unitary authority model 
development. Therefore, no thought was initially given to how the development of a 
sub-catchment model might assist or inform the development of a unitary authority 
economy environment model. However, this situation eventually changed. Because of 
loss of research funding, the only way to keep the regional modelling work going was 
to leverage it off the research being funded at Catchment scale. Thus, the completion 
of the Nelson and Tasman economy environment models described in this report was 
achieved without research funding. To make this model building work as efficient as 
possible, given greatly reduced funding, all model components (Nelson, Tasman and 
Motueka catchment) were brought together in one integrated model structure.  
 
The decision to merge the development of regional- and catchment-scale model 
construction had some clear benefits. First, we were able to complete the regional 
modelling work, which would have otherwise been discontinued. We were also able 
to make use of funding invested in datasets developed in the early stages of what was 
initially a separate unitary authority model building activity. Second, the development 
of these three separate model structures was brought together within one model 
framework. This type of technical and mathematical integration meant it was possible 
to ‘couple together’ these three models mathematically in ways that would not have 
been possible had their development continued in isolation. Also, by creating a 
common economy environment accounting framework within this spatially integrated 
model structure, it was also possible to combine the results of the two component 
regions (Nelson and Tasman) mathematically into one super-region model as well. 
Thus, the final dynamic GPI accounting model calculates economic, ecological, and 
social change simultaneously across three spatially specific sub-models. The results of 

                                                
4  The Motueka catchment exists within the geographical boundaries of Tasman District 
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two of these sub-models (i.e. Nelson City and Tasman District) are then combined in 
accounting terms to generate a set of unitary authority model results.  
 
Finally, as a consequence of the above, the resultant dynamic GPI accounting model 
makes it possible to explore sustainable futures scenarios at three distinctly different 
spatial scales – catchment, region, and unitary authority – within one model structure. 
In addition, we are also able to focus attention on model behaviour by economic 
sector. Thus the dynamic GPI accounting model described in this report has provided 
an opportunity to explore further the relationships between system behaviour and 
organisational scale. As such, this work represents an incomplete, but important 
contribution towards the development of spatially specific/explicit economy 
environment model theory and practice development. 
 
As can now be seen, the Vensim accounting model structure that is the focus of this 
report is actually composed of three spatially specific sub-models and a fourth unitary 
authority scale model that is really an accounting entity created by combining the 
results of Nelson and Tasman models. We need a naming convention that makes it 
possible to refer to these model sub-components without getting confused about what 
part of ‘the model’ (singular) we are talking about. Therefore, in the remainder of this 
report the following naming conventions apply:  
 
 (a) Nelson economy environment model – refers to the Vensim model 

structures, user interface, and datasets responsible for running ecological 
economic model scenarios for the Nelson region. 

 
 (b) Tasman economy environment model – refers to the Vensim model 

structures, user interface, and datasets responsible for running ecological 
economic model scenarios for the Tasman region. 

 
 (c) Motueka catchment economy environment model – refers to the 

Vensim model structures, user interface, and datasets responsible for running 
ecological economic model scenarios for the Motueka catchment. 

 
 (d) Nelson Tasman economy environment model – refers to the Vensim 

model structures, user interface, and accounting entities responsible for 
generating ecological economic model scenarios for the Nelson Tasman 
unitary authority area. 

 
 (e) The genuine progress indicator (GPI) module – refers to a genuine 

progress indicator accounting module constructed as a Vensim model that 
calculates a financial GPI for: (i) each of the component economy 
environment model parts (a) – (d) listed above; and (ii) for the ‘the model’ as a 
whole (i.e. Nelson, Tasman and Motueka model results combined). This 
accounting module calculates GPI performance based on data generated in the 
modules of the model (a-d) listed above. 

 
 (f) The model – a general inclusive term referring to the Vensim model 

structure that contains the component model parts (a) – (e) listed above, user 
interface, and datasets responsible for running model scenarios linked with 
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annual GPI accounting for the Nelson; Tasman; Nelson Tasman; and/or 
Motueka catchment. 

 
 (g) Futures model – general inclusive term referring to a Vensim model 

structure that integrates economy environment and social systems and can be 
used to create ‘futuristic’ scenarios of what the state of an ecological 
economic system entire might look like given differing growth/development 
assumptions. Items (a) – (d) and (f) listed above are futures models. In most 
cases we prefer to use the more explicit term ‘economy environment model’.  

 
 (h) Systems model – general inclusive term referring to a Vensim model 

structure that integrates ecological, economic, and social accounting sub-
systems in one model. Items (a) – (d), (f) – (g) listed above are systems 
models. 

 
 (g) Module – this term is used to refer specifically to one of the component 

parts of the model referred to in item f above. The various component modules 
include: (i) the spatially specific economy environment models for the 
Motueka Catchment, Nelson City, Tasman District and Nelson Tasman area 
(items (a) – (d) above); and (ii) the genuine progress indicator (GPI) 
accounting component or part of the model.  

 
(i) Dynamic GPI accounting model – this term refers to the model (f) above 
that is the subject of this report. 

 

1.2 Why write only one technical report? 
Given that we have a final model structure composed of three separate economy 
environment models and one GPI accounting entity, why write only one technical 
report to describe and explain them? This technical report aims to conserve resources 
in the same way that the development of three distinctly different models in one 
funded research programme has done. However, even assuming there was time to 
write three different reports this would not necessarily be ideal for a couple of 
reasons. First, while the mathematical design of our individual economy environment 
models involves small mathematical differences related to distinct differences in 
spatial scale, they also have much in common. Second, while the mathematical 
structure of these models is similar, the datasets used in each model are spatially 
distinct. Thus, the three models produce very different results.  
 
Therefore, in writing each section of this report we write from the general to the 
specific. We start each new sub-section by describing the general model structure that 
is shared by all spatial parts of the model. We then attempt to deal with any specific 
mathematical or dataset differences between the different modules associated with the 
different spatial scales of the model. This is a more efficient approach to writing than 
producing three separate reports that would contain much repetition. Finally, a single 
technical report also makes it much easier to describe and explain the 
interrelationships (i.e. mathematical couplings) that link the individual economy 
environment modules and GPI accounting model components. 
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1.3 Model characteristics 
In this sub-section we describe the characteristics of our dynamic GPI accounting 
model and seek to explain in simple terms: (i) how the model works, (ii) why the 
model was designed as an accounting tool, and (iii) the limitations of such a model 
building approach. For those experienced in model building, the dynamic GPI 
accounting model described in this report is based on a number of well-known model 
characteristics.  
 
The dynamic GPI accounting model may be thought of as a theoretical model because 
its architecture is based on the state of current real-world theory translated into 
mathematical model form. The various Motueka, Nelson, and Tasman economy 
environment modules described in this report are multiple-goal, mathematically 
integrated, spatially specific, discrete time systems models based on mixed units of 
account used in accounting and systems architecture. The ecological economic and 
social information generated as a result of running the various economy environment 
modules is used to calculate a real time GPI with the aid of a GPI accounting module.  
 
The GPI accounting module (singular) described in this report is a dynamically 
coupled, discrete time, spatially specific and mathematically integrated accounting 
model based on a monetary unit of account. The use of the term ‘dynamically 
coupled’ is appropriate because the calculation of regional and catchment scale GPI is 
driven by spatially specific economy environment model dynamics. The Motueka 
Catchment, Nelson and Tasman economy environment modules all have their own 
demographic, labour market, ecosystem services, social and economic sub-modules. 
These various sub-modules are coupled together in a ‘systems’ architecture. The term 
‘dynamic GPI’, is not used to imply the use of a system dynamics model building 
approach. So as to avoid confusion, this point is elaborated further below. 
 
Model architecture – we use the English word ‘dynamic’ to denote the existence of 
change in our model ecological economic social system. Our use of the word is not 
intended to imply exclusive use of system dynamics architecture.  
 
Some component parts of our dynamic GPI accounting model are based on matrix 
algebra model architecture. Other component parts (i.e. demographic, labour market, 
ecosystem services, and social variables) are created using an architecture that more 
closely resembles system dynamics, at least in terms of our use of feedbacks and 
mathematical couplings (i.e. integration).  
 
Both matrix algebra and systems components of the model are mathematically 
coupled together. For example, demographic growth influences demand for local 
goods and services and thus generates growth in appropriate sectors of the economy. 
Economic growth is used to calculate transition probabilities for the movement of 
individuals to and from the various employed, unemployed, and not-in-the-labour-
force parts of the labour market, etc. Both labour market and demographic modules 
are coupled together around a 5-year age cohort population structure. This means the 
labour market responds to local population growth by age cohort, and is coupled with 
local, interregional, and international migration (arrivals and departures).  
 
Thus, the calculation of a GPI every time step of the model mathematically responds 
to system-wide change that is occurring across the various components (i.e. 
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demographic, labour market, ecosystem services valuation, economic, social) of the 
various economy environment modules. This is a systemic form of accounting in 
which accounting entities (i.e. numbers) are determined by indirect mathematical 
interrelationships. For example, a monetary contribution to GDP by a given sector of 
the economy includes indirect accounting for energy used, materials and water takes 
consumed, pollution, water discharges, and air emissions produced, etc. The GPI 
accounting module then extracts the consumption GDP component of this annual 
contribution to growth in GDP and applies accounting adjustments for personal 
consumption expenditures, the value of unpaid time, and social and environmental 
costs.  
 
We refer to the model (overall) as a systems model, but not as a system dynamics 
(SD) model. What blurs this distinction is that our model is built using system 
dynamics software (i.e. Vensim) and has emerged from a range of different 
prototypes that trialed various model building platforms (Cole 2000, 2001, 2004, 
2007a, 2007b), including Stella, Vensim and Matlab.  
 
System dynamics models contain a number of distinguishing characteristics, not all of 
which exist in the component modules described in this report. This is the main reason 
why we are cautious with the use of the name ‘system dynamics’ model. For example, 
we have adopted and used the stocks and flows metaphor as a basis for the entire 
model architecture. Our model structure also involves the use of both informational 
and non-informational flows. However, while there are computational couplings and 
feedback loops in our model, they are very basic. While there are time delays in our 
model, organisational or process time delays are largely missing. The Input Output 
model data used as a basis for the structure of our economic sub-modules are assumed 
to be at a transactional equilibrium for time-step one only. Differential growth in the 
various sectors of this economic model moves this model ‘economy’ away from this 
initial equilibrium state. To address this accounting problem, we assume that local 
market transactional equilibrium is maintained by interregional exports and imports. 
This is clearly a simplification of a much more complex and price-based, decision-
making process that involves other causes of disequilibria such as supply shortages 
and time delays.  
 
Finally, the various component parts of the model structure are coupled together by 
informational and non-informational flows that we assume are not time delayed. This 
is an important simplifying assumption. For example, as the economy grows, this 
creates an instantaneous demand in our model on the labour market (i.e. 
unemployment goes down). We have not added the realism of a real-world labour 
market in which there are shortages in skills and time delays in training people in 
response to market opportunities. These real-world labour market dynamics are 
instead approximated by our creation and use (in real time) of labour market transition 
probabilities. However, our model does factor in the movement of labour across 
spatial systems boundaries.  
 
It would be more correct to say that while our model structures are based on system 
design, real-world complexities (i.e. the dynamics of the system being modelled) have 
been minimised so that we can focus attention (in genuine progress indicator 
accounting terms) on the direct and indirect, system-wide implications of annual 
economic growth. Our model architecture has been simplified, consistent with the 
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goal of creating an accounting tool of this kind. We have tried to capture what could 
be called ‘essential’ real-world dynamics. There is a very good reason for this 
difference, related partly to our model building goals and partly (as noted earlier) to 
the priorities created by stakeholder involvement and collaborative learning. 
 
Model building goals – this project grew out of a school of model design and 
thinking that has attempted to address deficiencies in market economic accounting. 
This includes the development of tools to record and evaluate non-financial system 
performance. However, this area of research has primarily focused on the need to 
develop improved full cost accounting method. In economic terms this means the use 
of accounting method to internalise externalities.  
 
Some early researchers in this area described their work as environmental accounting 
(Richardson, 1972) as it attempted to look at ways of adapting existing systems of 
economic accounting like Input Output Tables so that they could also account for 
environmental5 or social performance.6 In many respects, environmental Input Output 
(IO) accounting was an initial step towards what we are now focusing our attention on 
in the area of genuine progress indicator accounting. There are a couple of key 
differences between environmental IO and dynamic genuine progress indicator (GPI) 
accounting as represented in this model. First, dynamic GPI accounts need to 
mathematically integrate economic, environmental, and social accounts together in 
one mathematical framework. Second, the dynamic GPI calculates system 
performance based on environmental, economic, and social accounting adjustments to 
the consumption component of economic GDP. Accounting of this kind at regional 
and catchment scale is a mathematical task that is beyond a spreadsheet model. It is 
for this reason that we have attempted to adapt system dynamics model software (i.e. 
Vensim) for use as an accounting framework. As described later in this report, the use 
of system dynamics software for a purpose of this kind is not without problems.  
 
The model described in this paper might also be called a ‘systems accounting tool’. 
Much like a state matrix, our economic, ecological, and social accounts measure the 
state of the system being studied at an initial time (i.e. year 2001). By applying 
relevant multipliers or drivers to this initial state matrix it is possible to project change 
in the system forward from one time period to the next with one important exception. 
Change in the state matrix of our model is also influenced by interrelationships 
between the various sub-modules of the model. Thus, the model architecture is not 
simply a Vensim version of ‘matrix algebra’. If this had been the case, it would have 
been much more efficient to use a model building software platform like Matlab. In 
our model, while matrix algebra and systems architecture are mathematically melded 
together, the main focus of the model is still system-wide accounting and hence the 
name ‘system accounting tool’. 
 
Our focus of attention is really on the use of the model as an accounting calculation 
aid that makes it possible for us to see more clearly the likely ecological and social 
implications of economic growth over short- to intermediate-term time horizons (1–
25 years). We do not need a complex, feedback-regulated, time-delayed, non-linear, 
and theoretically precise systems dynamics model to do this. Whether or not it would 

                                                
5  Environmental Input Output accounting 
6  Social accounting matrices (SAMs) 
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be possible to build a system dynamics model of this level of complexity is another 
matter. Systems dynamic model building can easily become a theoretical exercise 
based on the ‘over-use’ of simplifying assumptions, an approach that effectively 
defeats the purpose of using this model building approach to capture real-world 
system behaviour. 
  
Building system dynamic models aims to help us better understand how complex 
systems work. This is a valid goal that contributes to building theory. While our 
model architecture is based on the state of current theory, our model building work 
responds to the need for synthesis rather than theoretical analysis (i.e. theory testing). 
The ability to see more clearly the likely implications of market economic growth on 
ecological and social capital is a high priority model building goal. It contributes 
towards the more immediate needs of planning practice that daily shapes our national 
and regional futures in sustainability terms.  
 
Theory, assumptions and social learning – the current state of theory about social 
ecological economic systems is not adequate for the needs of precise system 
dynamics model building at local scale. It might be argued that our system of national 
accounts is based on a fairly accurate understanding of how the national economy 
works. However, collecting accounting data that measure change in economic 
performance with respect to time is very different from building a precise systems 
model that explains in cause and effect terms why that change in economic 
performance occurred. The same applies for the global economy. It is for this reason 
that we have intentionally avoided trying to model the local Nelson, Tasman, and 
Moteuka economies in detailed theoretical terms. Our use of theory is limited to 
ecological economic accounting method and disciplinary theory that explains the 
workings of human population growth, labour markets, and other social institutions.  
 
In system dynamics model building work this ‘knowledge inadequacy problem’ is 
usually addressed by: (i) creating/testing theory, (ii) making simplifying assumptions, 
and/or by (iii) broadening our expert knowledge network into a stakeholder domain 
(i.e. social and collaborative learning). Our model builds on well-established theory 
that is elaborated in the various sub-sections of this report. Our use of these bodies of 
theory in an integrative manner is really a contribution towards theoretical synthesis7 
rather than analysis (i.e. theory testing). As noted above, we have avoided speculative 
model building outside what we consider to be well-established theory in order to 
minimise our use of simplifying assumptions. Finally, we attempted wherever 
possible, to involve local stakeholders in the model-building process, although, 
practically speaking this was not as straight forward as well-published theory in this 
area led us to expect.  
 
First, our model constructs are quite complicated (i.e. data rich) as a direct result of 
the systemic accounting problems we are seeking to address. Engaging in a model-
building process of this kind is a potentially daunting task for stakeholders not used to 
perceiving the world in such a logical/mathematical manner, across differing levels of 
scale.  
 

                                                
7  Seeking to answer the question:  what emerges in terms of new system-wide understanding as we 

bring the various system parts together in one integrated framework? 
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Second, in practice we found that stakeholders differed in their willingness to be 
involved in a time commitment to a lengthy (real-time) model construction process 
(Cole 2007a). Furthermore, apart from individuals, while various stakeholder groups 
have been closely associated with what has turned out to be a lengthy model building 
process (ca 4–5 years), no one group of stakeholders has been involved for the entire 
journey. The journey has included changes in supporting Council staff, shifts in 
Council leadership following local elections, shifts in research team staff, and loss of 
funding and stakeholder interest. Coordinating long-term social learning linked with 
model building activities of this kind is very challenging.  
 
Multiple goal orientation – Our economy environment (futures) models include 
ecological, economic and (some) social accounting information needed to address 
‘multiple goal’ management problems. The term ‘multiple goal’ means that our 
stakeholder community wants to be able to measure progress towards more than just 
economic efficiency. In particular, social well-being and ecological sustainability 
featured as other desired goals. Guidance for the need to develop multiple goal model 
constructs of this kind emerged quite independently from both our initial research 
programmes.  
 
In the Motueka catchment research programme, priorities for the design of a multiple 
goal sustainability model emerged from a local community reference group-based 
participatory modelling exercise based on an influence matrix (Cole et al. 2006, 
2006b).  
 
In the case of the regional economy environment models, the priorities for modelling 
design are based on the development of a regional economic development strategy 
(REDS), (Berl 2002; Cole & Patterson 2003). As mentioned earlier, over the time 
involved in building this model the GPI accounting was a further stakeholder directed 
design aspect of the model that was driven by local Regional Council strategic 
planning and economic development agency (EDA) interest in adopting genuine 
progress indicator accounting. In this respect, the final model has a broader multiple 
goal focus than what was anticipated when we started this model building process.  
 
Scale – the Motueka, Nelson and Tasman economy environment modules are 
spatially specific but not spatially explicit. Spatially explicit, systems model building 
is mathematically complex and usually the domain of experienced applied 
mathematicians. Some system dynamics model builders have attempted to include 
elements of spatial representation in their models with the aid of cell-like, spatial 
model structure (Costanza & Voinov 2004). There is a sense in which our model has 
adopted this approach; however, our spatial resolution is extremely coarse (i.e. 
regional, entire catchment, economic sector). Having said this, our current level of 
spatial specificity does offer a range of advantages not available in an aspatial model. 
While we are experimenting with taking our first steps in spatial specificity, there 
exists a perceived need for spatially explicit futures modelling capability by planners 
and policy makers within our study region. At present we are, unfortunately, poorly 
positioned to respond to this need. 
 
Treatment of time – equation solvers in our modelling software are capable of 
handling either discrete or continuous time equations. Unfortunately, our model data 
are limited to quite coarse, annual (i.e. yearly) time steps and thus we have chosen to 
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employ discrete time equation solvers. This means that while our model tracks 
economic change on an annual basis, it provides no sense of seasonal changes 
typically associated with production in the primary and secondary sector. Having said 
this, given the aim of genuine progress indicator accounting, we do not really need 
continuous time resolution of this kind. The model is preset to run for a maximum of 
25 years into the future from its base year dataset of 2001, a 25-year projection 
chosen by staff at TDC and NCC because it aligned well with their current strategic 
planning needs. 
 
Mixed units – a final distinguishing characteristic of our model structure is that it is 
based on the use of mixed units of account. Some of the component modules of our 
model are consistently based on a monetary unit of account (e.g., sectoral economic 
accounts, non-market ecosystem services accounts, and genuine progress indicator 
accounts). It is mainly the demographic, social, and ecological/biophysical accounts 
that are based on non-financial mixed units. This means that to assess the implications 
of natural resource use, pollution effects and energy use we first need to convert these 
various units of physical measurement into a monetary unit of account (i.e. monetary 
units). 
 
In describing the characteristics of our model it should be evident that we have 
intentionally chosen a modelling approach intended to help us address a given 
problem. This model is not the answer to every planning need. Given this constraint, 
it is important to define in clearer terms what it is we were seeking to achieve. We 
need to answer this question in two parts. First, in the next sub-section we outline our 
modelling goals. Second, in Part 1, section 3 of this report we seek to comment on 
how a model of this kind might be applied in a real-world planning, policy and 
management practice environment. 
 

1.4 Model building goals 
In this final sub-section of our introduction we seek to explain what it was we were 
trying to achieve in the development of economy environment (futures) modelling 
tools. Rather than building spatially explicit models, employing seasonal continuous 
time data, grounding our model in numerous assumptions and measuring everything 
in monetary units of account, we chose the particular model characteristics outlined in 
sub-section 1.3 above. What is the problem that such a model is designed to address?  
 
Environmental and social legislation in New Zealand focuses on the management of 
effects at local scale. Ideally, there should be an ongoing dialogue between decision-
making associated with the management of local effects and what this decision-
making implies in terms of making annual, measurable progress toward preferred 
long term societal goals across different levels of scale (i.e. sector, catchment, 
regional and national). Thus, there currently exists a need to develop accounting tools 
that assist planning and policy staff in this area.  
 
This research programme was primarily tasked to develop such tools and the 
fulfillment of this research goal involves a number of stages of which this is but the 
first. The model described in this report is what might be called a scoping or 
prototype model; a first step in what is a much longer research journey aimed at 
creating more generalised models that can be applied in a range of similar 
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management, legislative, economic, temporal and spatial contexts. Model building 
research of this kind is dependent on both model building activities and real world 
applications of model constructs. This report outlines the model building stage of this 
scoping/prototype model. 
 
The model described in this technical report represents one very practical and 
somewhat pragmatic way of measuring local effects and relating this on-ground 
change (by economic sector) to measures of progress towards sustainability, 
economic and social development goals at Catchment and Regional scale. With a tool 
of this kind it is possible to start to explore different configurations of local policy and 
system management. At the same time it is possible to keep an eye on the long run 
implications that planning/management/policy change make on emerging futures and 
progress towards preferred societal goals. As a first step in the development of this 
type of model technology, what is outlined in this report is a somewhat complex, yet 
conservative accounting instrument. At the same time, this model reflects an attempt 
to muster the very best of current theory, data, model building skill and community 
learning in pursuit of this endeavour. 
 
Having introduced our dynamic GPI accounting model, established appropriate 
naming conventions, described the characteristics and goals of the model, the next 
two sections of this report (i.e. Part 1) review the history of the development of this 
scoping model and comment on possible real-world applications. Part 2 of this report 
seeks to define mathematically and theoretically the various component model 
modules, describe how they were developed, and demonstrate how the model 
performs in high, medium and low economic growth scenarios. 
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2. Model building context 
The economy environment (futures) models referred to in this introduction are the 
product of approximately 4–5 years work, and to the best of our understanding are a 
first of their kind for any region in the country with: (i) a board orientation towards 
sustainable development, not just towards economic development; (ii) genuine 
progress; and (iii) alignment with local developmental goals/indicators. We include a 
brief historical narrative on how this model development process started and the 
progress made to date. This history also includes citation of all relevant reports and 
published papers that have emerged from this model building process to date. We 
have also attempted to outline current RMA and Local Government Act problem 
contexts faced by Council planning staff that we feel provide opportunity to develop 
and real-world test an accounting tool of this kind. 
 
Futures models are mathematical models used to explore the future, typically from a 
systems perspective. Tools of this kind help us better understand potential costs and 
benefits associated with planning, policy, and/or management decision-making. This 
is accomplished by using the economy environment (futures) model structure to set 
up and run different model scenarios. The aim of a futures model is not to precisely 
predict the future, but to try and better understand the types of behaviour that are 
likely when differing model parameter values and assumptions about system growth 
are used. Typically, a futures model is used to generate 3 types of scenarios (high, 
medium, and low projections) for differing configurations of the model. Futures 
model building is normally the domain of scientists and competent professionals; 
however, in more recent times efforts have been made to mediate this more technical 
model development process with stakeholders (van den Belt 2004). This latter 
approach is believed to have a number of benefits. It promotes social learning 
processes, helps build stakeholder consensus, and, especially, provides local 
stakeholders with an opportunity to take personal ownership of the model building 
process and its application. The building of models with stakeholders in real time is 
ideally a first ‘scoping’ step towards the future development of more expensive 
research and management models.  
 

2.1 Initial steps towards economy environment model building research in 
Nelson Tasman 

The economy environment model building research outlined in this report started in 
Nelson and Tasman in 2004 through the efforts of Landcare Research and Massey 
University staff. However, this funded research activity was preceded by a number of 
important developmental milestones that helped prepare the way for research of this 
kind.  
 
Discussions with Nelson City Council economist Richard Butler about the possible 
role of economy environment model building in Council strategic planning and 
compliance monitoring work began as early as 2003. The then counterpart of Richard 
Butler at Tasman District Council, Steve Markham, was brought into this discussion 
about the same time. This dialogue coincided with the release of the first version of 
the Nelson Tasman Regional Economic Development strategy (REDs) by Berl 
economists (Berl 2002) and amendments to the Local Government Act (Mitchell & 
Salter 2002). 
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The Nelson Tasman REDs strategy document: (i) introduced and attempted to define 
the notion of ‘smart growth’; (ii) called for the forming of an economic development 
agency; (iii) identified the need for the prioritised development of strategic regional 
infrastructure; and (iv) suggested that the innovation needed to transform 
quantitative8 regional economic growth into more qualitative “smart sustainable 
growth” might come from a local innovation engine, i.e. a centre of research 
excellence.  
 
The centre of research excellence was envisaged as a place where the development of 
supporting futures modelling and innovation technologies (e.g., economy 
environment evaluation tools, product development) could be nurtured. 
Unfortunately, the REDs initiative failed to secure central government funding. The 
futures modelling research begun in 2004 initially under FRST9 funding, is, to the 
best of our understanding, all that remains of the centre of research excellence 
initiative articulated in the 2002 Nelson Tasman RED strategy document.  
 
Amendments to the Local Government Act (2002) required council planning staff to 
develop formal systems and processes that would make possible joint, long-term 
Council Community planning and monitoring. At the time this new legislation was 
released, a need existed to design processes and systems that would facilitate 
participatory planning and ongoing monitoring of progress towards ‘community 
outcomes’ across the four sustainability well-being domains (economic, ecological, 
social, and cultural). It seemed, at the time that mediated modelling (van den Belt 
2004) and the development of futures modelling tools might provide: (i) a 
participatory process for LTCCP activities; (ii) an organising framework for explicitly 
evaluating the costs and benefits associated with plans and policies; as well as (iii) an 
organising framework for storing monitoring data and building SOE reports. Thus, 
developments in the Local Government Act provided a reason for the then Council 
staff to consider opportunities related to our activities in the area of futures model 
development that might otherwise not have occurred.  
 
At the time, we also saw a potential role for futures modelling work associated with 
the implementation of the Nelson Tasman REDs. To apply the futures model 
development work in this context, evidence of investment in pilot research would be 
required to secure government research funding. Therefore, in 2003, a pilot research 
project was funded by Nelson City Council aimed at building and evaluating 
economy environment datasets. In a limited and restricted manner, this pilot project 
attempted to show what might be done in terms of sustainability analysis with a fully 
functional economy environment (futures) model. This pilot research was initially 
published as a Landcare Research report (Cole & Patterson, 2003).  
 
Finally, during 2003 two research bids were submitted to the Foundation for 
Research, Science and Technology (FRST) that included provision for research 

                                                
8  Quantitative economic growth usually refers to annual growth in GDP as an index of growth in the 

physical economy. Quantitative growth does not necessarily imply the existence of qualitative 
growth, although it may do. 

9  Foundation for Research, Science and Technology 
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funding targeted at the development of both regional- and catchment-scale10,11 
economy environment (futures) modelling capability in the Nelson Tasman regions. 
As a result of formative discussions with Nelson and Tasman Councils it was possible 
to present this bid, with the full support of the respective Councils, as well as 
evidence of independently funded pilot research. The existence of the REDs and 
pending implementation of the amendments to the Local Government Act (2002) 
made it possible to formulate a strong case for the development of economy 
environment (futures) modelling capability with a practiced-based, sustainability 
orientation. 
 
Two economy environment model (futures) modelling project bids were submitted to 
FRST in 2003. One bid focused on the need for regional economy environment 
(futures) model development. The newly formed New Zealand Centre for Ecological 
Economics submitted this bid to FRST as a potential regional-scale case study as part 
of their Sustainable Pathways research programme. A second bid was submitted by an 
existing Landcare Research programme in the Tasman region based in the Motueka 
catchment.  
 
The initiation of economy environment (futures) modelling research in the Motueka 
ICM programme12 followed its own initiation pathway. During 2002, a strand of 
ecosystem services research had been started in the Motueka ICM programme in an 
attempt to explore more fully economy environment interdependencies associated 
with proposed catchment development plans. As part of this new ecosystem services 
research initiative, a participatory modelling exercise had been undertaken with the 
involvement of programme research staff and the assistance of a catchment 
community reference group. This participatory modelling exercise was facilitated 
with the aid of a matrix-based modelling tool called an influence matrix (Vester 1976, 
2004, Vesrter & Hesler 1982). Much like the mediated modelling process described 
above, the influence matrix was trialed as a tool for mediating model development in 
a participatory context. This was an entirely new application of the influence matrix 
in a problem domain (sustainability) in which it had not previously been applied (Cole 
et al. 2006). 
  
The influence matrix modelling exercise was initially published as a Landcare 
Research report (Cole et al. 2005) with technical innovations associated with the 
model published in a separate report (Cole 2006a). These Landcare reports were then 
used as a basis for writing a more detailed theoretical paper published in the 
International Journal of Sustainability (Cole et al. 2006). The outcomes of this study 
influenced the decision to initiate futures modelling work in the Motueka ICM 
research programme. What this study showed was that when stakeholder participants 
were given the opportunity to describe a preferred future goal state for the catchment 
and model progress towards that goal, they included factors from all four dimensions 
of the sustainability well-being matrix, i.e. economic, ecological, social, and cultural. 
This result ran contrary to conventional economic theory, suggesting that humans are 

                                                
10  Regional futures modelling was associated with the Sustainable Pathways research programme bid 

submitted to FRST by the then newly formed New Zealand Centre for Ecological Economics 
(NZCEE) 

11  Catchment futures modelling capability was associated with the Motueka Integrated Catchment 
Management (ICM) research programme bid to FRST 

12  www.icm.landcareresearch.co.nz/ 
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primarily concerned with utility maximising (i.e. economically efficient) goals 
irrespective of collateral consequences. Sustainability is not an economically efficient 
option, although we hope it will turn out to be an economic survival option long term. 
 
The inclusion of what economists often refer to as externalities in this participatory 
model (i.e. the influence matrix) raised an interesting question. How would it be 
possible to manage a process of catchment-scale development towards multiple 
community goals – economic, ecological, social, and cultural – of the kind identified 
in our participatory modelling project? One possible answer was through the 
development and use of futures modelling tools. The use of modelling tools of this 
kind would make it possible to: (i) explore plans and management policies from a 
modelling (or scenario-based) perspective; (ii) quantify potential costs and benefits; 
(iii) better understand the interdependencies of such a management problem; and (iv) 
provide an organising framework for monitoring the plan implementation process. 
The idea of building a catchment futures model was thus raised and collectively 
confirmed through the programme annual general meeting forum in 2003. 
 

2.2 The economy environment model construction process 
The model building process started in 2004 once we had received notification of the 
Foundation’s willingness to fund both the Sustainable Pathways and Motueka ICM 
research programmes. Unfortunately, due to loss of funding in late 2005, relatively 
little progress was made in completing the Nelson Tasman economy environment 
model. However, even though this particular Sustainable Pathways case study was not 
completed, we have made an effort to outline a brief history of what was achieved 
along with relevant published citations. 
 

2.2.1 The Nelson Tasman economy environment model 
Because the Nelson Tasman economy environment model (futures) model13 involved 
a degree of coordination between two different unitary authorities (Councils), a 
governance or reference group was established consisting of Mary Honey and Steve 
Markham from Tasman District Council and Mark Tregurtha from Nelson City 
Council. With funding and technical assistance from publications staff at Nelson City 
Council, one of the first tasks undertaken by this reference group was the planning, 
design, and printing of a project brochure (Cole 2004a). The brochure included 
supporting statements and signatures by the Mayors of the respective Councils at the 
time to lend higher level endorsement and support for the project.  
 
The brochure was then presented to the respective Councils at two workshops run to 
introduce Council members to the project and the idea of futures modelling. Every 
effort was made to make a strong connection in these presentations between theory 
and practice. In retrospect, these presentations were not as effective as they might 
have been. This simply reflects the fact that in the intervening years we have learnt 
much about potential areas of strong connection between futures modelling work and 
practice. Thus, while the futures modelling work was met by the two Mayors and 
their respective Council members with appreciation, there was a general feeling that 
the connection between theory and practice was not yet clear.  

                                                
13  As it was first named by the Council governance group involved in the project 
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The next stage in model development involved the collection and building of model 
datasets. One of the aims in the building of the model was to show the 
interrelationship between economic activity, environmental degradation, and resource 
depletion at an industry or economic sector scale. This meant that all the biophysical 
data collected had to be coded using standard systems of industry classification. 
Economic data were provided with the aid of an inter-industry, 48-sector, Input 
Output Table developed by Market Economics Ltd in Auckland.  
 
Biophysical data used in the model included: (i) water takes and discharges by 
economic sector; (ii) delivered and end-use energy consumption by economic sector; 
(iii) air emissions by economic sector; (iv) solid waste by economic sector; and (v) 
sediment takes and discharges by economic sector.  
 
Population data were provided by Statistics New Zealand and made possible the 
construction of a 5-year age cohort, male and female population model (Cole 2006e, 
2006f, 2006g, 2006h) with near region, interregional and international migration 
along with standard fertility and mortality dimensions. Initially, driver data for 
economic activity of the various sectors of the model were derived from projections 
of historic FTE growth data (Cole 2004, 2007).  
 
Once the model data had been collected, the building of a prototype economy 
environment (futures) model followed. Initially, we had planned to develop the model 
using a mediated modelling approach. However, by this stage in our project 
development we became aware that some stakeholders were uncomfortable with the 
idea of being directly involved in model building activities. Because this situation ran 
contrary to what theory in this area suggests, we decided to plan the next stage of 
model development in a manner that made possible a closer investigation of the 
appropriateness of a mediated modelling approach in this research context. Therefore, 
instead of attempting at this stage to build a full prototype model we concentrated on 
the development of a single module (the population model).  
 
There were several reasons for this decision. First, both Nelson and Tasman strategic 
planning processes did not have a fully functioning demographic model. This 
presented a helpful opportunity to concentrate on building a trial model structure that 
was of direct value to our Council partners and, indeed, to local businesses and other 
local government organisations. Second, by concentrating on the development of one 
part of a larger model we were able to simplify the model development process and 
make it possible to test the effectiveness of a participatory modelling approach.  
 
On reflection, the decision not to proceed with the development of a full model at this 
stage was a strategically important shift in direction. First, we had underestimated the 
amount of work required to build a full model in a participatory manner. This point 
especially became apparent during the construction of the population model. Second, 
the outputs of the population modelling process were used as part of the respective 
Council’s LTCCP processes (Cole 2006e, 2006f, 2006g, 2006h). Thus, in the 
development of this part of the model we were successful in achieving a strong 
connection between theory and practice. More important, all those involved in this 
model developmental process now better understood how it worked. Finally, our 
investigation of the role of mediated modelling helped us to progress in understanding 
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further why this approach might not be ideally suited to an operational context of this 
kind (Cole & Maxwell, 2005; Cole 2007a, 2007b). The completion of the population 
model development in 2005 was the official end of the (regional-scale) Nelson 
Tasman economy environment (futures) modelling project due to the loss of funding 
mentioned above. 
 

2.2.2 The Motueka catchment economy environment model 
The Motueka catchment economy environment model followed a very similar 
development pathway. The main difference being that economy environment model 
construction work continued after the data collection (Cole 2002, 2002a, 2004, 2006c, 
2006d, 2007b) and population model (Cole 2006g) development stages. The 
development of demographic modules for the Nelson, Tasman, and Motueka 
catchment was accomplished using a high level, object-oriented modelling software 
programme called Vensim (Ventana Systems 2002). Model development progressed 
through stages outlined below.  
 

2.2.2.1 Prototype (version 1) 
The construction of a prototype catchment economy environment (futures) model 
(Cole 2004) was initially accomplished using a command-line, mathematical software 
platform called MatLab (The Math Works 1984). This first prototype model aimed to 
test the mathematical method being employed in the construction of our economy 
environment model and achieved this goal by building on earlier model building 
research in the Waikato region (Cole 2000, 2001). This testing stage was undertaken 
using Matlab because it is a software platform ideally suited to rapid prototyping. The 
tradeoff with this software is that its mathematical interface is not easily accessible by 
non-technical stakeholders. However, this model was a useful stage in development. 
This prototype (version 1) model was presented to the Motueka Community 
Reference group in July of 2005. 
 

2.2.2.2 Prototype (version 2) 
Version 2 of the Motueka catchment economy environment (futures) model was 
developed using Vensim software. This stage in the model development included a 
fully functional, three-sector, catchment economy environment module, a labour 
market module, and a fully functional demographic module, all of which were linked 
through the use of feedback-regulated drivers in both supply and demand ends of the 
economy. This stage in model development was about as close as we got to adopting 
a system dynamics approach. The decision to discontinue development work in this 
area of system dynamic thinking was the result of a number of factors. First, we 
observed that system dynamics thinking was not the language of the local economists 
and sector leaders we were working with. Instead, these stakeholders simply 
described economic sector change in percentage growth terms (e.g., they might 
suggest ‘it should be about 4.5% this year’). Second, after our first attempt to build a 
driver module for the Motueka economy it became evident that the current state of 
local ‘economic theory’ was limited. Third, due to the relatively poor state of theory 
we were once again faced with the prospect of much work on a limited research 
budget.  
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For the types of reasons outlined above we began to focus our model development 
around an ‘accounting tool’ based approach. There seemed little point in adding 
improved realism to a model that aimed to provide answers by approximation 
methods. The reason practitioners in the planning area do not bring together 
economic, ecological, and social datasets in their analytical work is because of the 
integration challenge. It became increasingly clear to us that this synthesis problem 
was where we needed to concentrate our effort in developing futures modelling tools.  
 
Even though version two of the economy environment (futures) model was not yet 
complete, it was already feasible to run realistic model simulations that made it 
possible to explore in simple terms the interrelationships between economic growth, 
environmental impacts and population/labour market dynamics (Cole 2006c). This 
model was also presented to the Motueka community reference group where it was 
resolved that future model development should continue and concentrate on:  
 

(i)  differentiating between local and non-local impacts of economic activities 
(ii)  resolving problems associated with the interregional and international export 

parts of the economic module  
(iii) improving the design of driver modules and  
(iv) the implementation of a genuine progress indicator module. 

 

2.2.2.3 Prototype (version 3) 
The Motueka community reference group evaluated prototype version 3 of the 
catchment economy environment (futures) model in August of 2007. This version of 
the model included a number of quite advanced improvements on version 2. These 
changes are outlined below. 
 
The Motueka catchment economy environment futures model (version 3) included a 
full implementation of Nelson and Tasman regional modules. All the features 
associated with the catchment-scale model had been implemented at regional scale. 
This approach to model development made it possible to explore economy 
environment changes at catchment scale in relation to regional economy 
environmental change. In reality, this is a much more satisfactory way of modelling 
and evaluating catchment scale futures.  
 
Version 3 of the model also included a full implementation of Nelson, Tasman, and 
Motueka demographic modules that had been calibrated with 2006 census data. 
 
The system of industry classification used in version 3 was completely rebuilt to bring 
it into line with the most recent review of the Nelson Tasman REDs conducted by the 
Nelson economic development agency (EDA). This meant that economic sector 
organisational was aligned to the current regional economic development agency 
(EDA) system of classification. While implementation of this change to the economy 
environment (futures) model structure involved substantive work, this move seemed 
justified because it effectively pulled the model structure into alignment with local 
economic strategic planning instruments.  
 
All three economic modules (Nelson, Tasman, and Motueka) were rebuilt using ‘soft 
variables’ as drivers. A soft variable is a special graphical feature of system dynamics 
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modelling software that makes it possible for model users to make real-time changes 
to model (variable) graphs. These visual changes are translated by the software into 
numerical changes in the drivers of the model. Using this soft variable it is possible 
for non-technical stakeholders to change model growth variables (in percentage 
terms) and thus run model simulations. This type of model driver replaces the system 
dynamic drivers used in version 2 of the model. The new drivers use this graphical 
interface to change growth amounts in percentage terms – something that is more 
universally understood, at least among local business, economic development, and 
planning communities.  
 
The energy data used in the version 2 of the model were replaced with more accurate 
and highly disaggregated data that differentiate more effectively between local and 
non-local use. 
 
The labour market module was upgraded so that labour market transition probabilities 
were calculated using the model’s own internal economic and demographic data in 
real time. Furthermore, the labour market module was rebuilt and organised into the 
three domains (employed, unemployed, and not in the labour force by male and 
female, 5-year age cohort) and coupled with all relevant demographic drivers of 
change at this level of disaggregation, i.e. spatial effects, mortality and birth rates. 
This makes it possible to run quite realistic model projections that explore the 
implications of economic growth scenarios on labour market age structure. 
 
Finally, a module had been added to make possible the calculation of a genuine 
progress indicator as an adjustment to regional or catchment consumption GDP. The 
GPI indicator is based on a full set of GPI monetary accounts that have been coupled 
to the spatially specific components of the model structure. While most GPI research 
is typically based on the evaluation of past economic growth, our model is able to 
calculate a new set of GPI accounts for each year’s iteration of a spatially specific 
economy environment (futures) model. It is therefore now possible to use a GPI 
accounting framework as an indicator and accounting framework to explore regional 
and catchment futures. In support of this GPI accounting framework we have also 
implemented a monetary assessment of the impacts of economic growth on local 
ecosystems using a newly implemented ecosystem services, rapid assessment 
valuation module. 
 

2.3 Summary 
In this report section, an outline of the historical development of economy 
environment model (futures) modelling in Nelson Tasman has been provided. The 
development of an operational prototype catchment economy environment (futures) 
model in the Motueka ICM programme has provided the technical development 
necessary to implement fully functional regional economy environment (futures) 
models – despite loss of research funding for this work. While we have followed a 
somewhat unconventional developmental pathway, version 3 of the catchment 
economy environment (futures) model includes a fully functional Nelson and Tasman 
regional economy environment (futures) model coupled to a genuine progress 
indicator accounting module. Every effort has been made to align the development of 
prototype (version 3) to the latest review of the Nelson regional economic 
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development strategy. In summary, prototype model (version 3) has potential to make 
a strong connection with existing planning and EDA practice.  
 
Having outlined the historical context and developmental steps associated with 
building the Nelson Tasman regions and Motueka catchment models, we can now 
consider potential real-world applications of the model.  
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3. Dynamic GPI accounting model application in existing planning practice 
Real world testing is a challenging and essential part of futures model development 
that largely determines the usefulness of the modelling tool in an applied context. In 
the process of connecting a working model with a practice environment it is very 
likely that really important finishing touches will be made – changes that can only 
come from the open dialogue between theory and practice. One of the strengths of a 
mediated modelling approach to model building is that model development occurs in 
real time so that the distance between theory and practice is minimised. Our dynamic 
GPI accounting model is quite complex and will ultimately be used best by those 
science and technical staff who have the confidence to apply a tool of this kind in 
appropriate practice domains. 
 
In 2009 we ran a training workshop for science and policy programme team members 
to have a hands-on experience in using the dynamic GPI accounting model. With the 
writing of this report we are also developing a website that will contain worked 
examples of scenarios run by using the model. While communication efforts of this 
kind are important, we cannot realistically expect that every stakeholder will gain a 
high level of competency in using the model or in understanding, theoretically or 
technically, what the model is capable of doing.  
 
Given that we have not applied the model to date on real-world problems, it is 
difficult for staff in planning and policy contexts to know just where the potential for 
use of a tool of this kind might lie. In this report section we seek to outline where we 
feel the applied potential of this accounting model lies in the hope that this will 
stimulate dialogue about future opportunities for moving this calculation tool into a 
real-world practice context. Before seeking to identify possible applied options, we 
first seek to describe below what we think the model is capable of doing. There are 
approximately 350 000 data points in the model, which means the model is capable of 
performing very data-rich calculations. What is outlined below should only be 
considered as a starting point for what might be done in terms of analysis and 
evaluation of data when using the model. 
 
The main focal point of our current economy environment (futures) model is the 
economic module that makes it possible to project the state of the economy in the base 
year (2001) forward into the future by applying growth rates to individual (primary, 
secondary and tertiary) industry sectors. Thus, it is possible to make some 
assumptions about likely future upper and lower economic growth rates, and then run 
the model to see what this implies in terms of catchment or regional growth in GDP14 
over the next 25 years. The economic module also includes a full implementation of 
the final demand end of the economy so that it is possible to see the effect of local 
demographic changes on local demand for economic goods and services. It is also 
possible to change model assumptions about sector imports and exports so as to 
explore likely effects on long-term balance-of-trade calculations. 
 
The demographic and economic modules of the model are interrelated. Projected 
changes in population growth are influenced by fertility rates, mortality and 

                                                
14  For consistency, in the remainder of this report we have maintained the use of the acronym ‘GDP’ 

when referring to national, regional and catchment levels of economic scale. 
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emigrational effects on the population and these age cohort data control all demand-
related aspects of the local economy. For example, the education sector of the 
economy is directly demand driven and changes in response to the numbers of school-
age children generated by the demographic module of the model. Thus, changes made 
in the projection of future population growth directly influence the behaviour of the 
local economy by appropriate economic sector. 
 
The economic module not only tracks transactions between the various sectors of the 
economy, it also keeps track of the environmental inputs and outputs associated with 
economic activities at an economic sector scale. This is one of the most powerful 
aspects of the model. It is not only possible to track individual sector contribution to 
regional or catchment GDP, it is also possible to assess the ecological efficiencies 
associated with the production of that industries contribution to GDP now and into the 
future. Ability to perform analysis of this kind is central to managing progress 
towards sustainable futures. Simulation runs of the model will make it possible to 
pinpoint at an industry scale: i) the inefficient use of energy, water and material 
resources along with ii) the inefficient production of solid waste, water, and air 
emission discharges. In addition, the model analyst will be able to scale-up from these 
sector effects to whole-of-economy environmental effects.   
 
The labour market module is one of the most complex parts of the dynamic GPI 
accounting model structure and therefore contains considerable potential for 
application in exploring future labour market shifts in relation to economic change. It 
provides a disaggregation of the labour market (entire) into three component parts 
(employed, not employed, and not in the labour force). Each of these component 
labour market parts has been further divided into even smaller component parts, i.e. 
by sex (male and female) and by 5-year age cohort. Movement of individuals between 
the three main parts of the labour market is accomplished by the calculation of 
transition probabilities within the model. These statistics are calculated using 
economic demand and supply data generated each time step of the model. This 
ensures the fortunes of the labour market are coupled with those of the regional and or 
catchment economy. In addition to this level of realism, the labour market module is 
also coupled to key demographic determinants of labour market activity located 
within the population modules. This means the labour market is not only influenced 
by labour transition probabilities, it is also influenced by an aging local population, 
mortality rates, birth rates, and migration population effects. 
 
A feature of version 3 of the model that has attracted much attention is the 
implementation of a genuine progress indicator module. This module takes annual 
consumption GDP and uses it as a basis for calculating a one-dimensional GPI based 
on a full set of standard, monetary GPI accounts. The GPI accounting module 
determines a full set of GPI accounting figures at the end of each time step of the 
model. This makes it possible to explore economic futures with reference to the full 
range of accounting indicators associated with the GPI module of the model. Among 
other things, a non-market economic valuation module designed to calculate the 
annual contribution of regional and or catchment ecosystem services to economic 
activity underpins the GPI accounts module.  
 
As has been described above, the dynamic GPI accounting model developed in this 
research programme has the potential to make a meaningful contribution to planning 
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and policy-making practice. As a primer for thinking about potential connections 
between this dynamic GPI accounting model and practice, we explore below possible 
domains of application below. 
 

3.1 Possible domains of application 
As has been outlined above, it is evident that the current dynamic GPI accounting 
model is not the solution to every problem. However, it does offer a range of tools 
that may be of direct assistance in a number of different planning and policy contexts. 
In this sub-section we try to identify these potential application domains. We do this 
by focusing attention on institutional processes associated with two important pieces 
of legislation: (i) the Resource Management Act (1991) and the Local Government 
Act (2002). 
 

3.1.1 The Resource Management Act 
As already mentioned above, one area within the jurisdiction of the RMA (1991) 
where our dynamic GPI accounting model has the potential to make an important 
contribution is in State of the Environment monitoring and reporting. Part II of the 
Resource Management Act (1991) requires Councils to promote the sustainable 
management of natural and physical resources. State of the Environment monitoring 
and reporting aimed to: (i) help determine whether these requirements are being met; 
(ii) assist policy development; and (iii) inform decision-makers of the consequences 
of actions and changes in the environment over time. SOE monitoring involves setting 
targets, monitoring, analysing and interpreting data, then reporting findings, and 
continuing this process over time. This is similar to the ‘plan–do–monitor–review’ 
cycle (Figure 1) or the adaptive management cycle promoted by Gunderson and 
Holling (2002). 
 

 

 

Figure 1  The plan-do-monitor-review cycle. 
 
Section 35(2)(a) of the Resource Management Act requires local authorities to 
monitor the state of the whole or any part of the environment to the extent that is 
appropriate to enable the local authority to effectively carry out its functions under the 
Resource Management Act. An integrated approach to monitoring under both the 
Local Government Act (2002) and the Resource Management Act (1991) is important 
and is discussed further in this paper as a potential application of the dynamic GPI 
accounting model.  
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The diagram in Figure 1 shows the cycle of steps involved in monitoring the State of 
the Environment. The first step is to report on the state of the environment. This feeds 
the development of action plans and the setting of targets. The plans are implemented 
and monitored. Analysis and interpretation of the data gathered through monitoring 
follows and review of the implementation of action plans feeds into the next SOE 
report, thus bringing the cycle full circle.  
 

3.1.1.1 How can a dynamic GPI accounting model help? 
The purpose of this sub-section is to set out suggestions for how a dynamic GPI 
accounting framework may assist Council in fulfilling their statutory obligations 
under the RMA and LGA. As is indicated below, the implementation of such a GPI 
accounting framework may help Council to improve the quality, breadth, and 
effectiveness of its current state of the environment activities. The current economy 
environment (futures) models are essentially designed around a pressure-state-
response framework. This theoretical framework fits neatly with the intent of the 
RMA (1991) in regards to high-level monitoring and assessment of progress towards 
our environmental goals. Because the economy environment (futures) models are so 
data rich there is potential to provide information on many of the basic questions of 
interest to Council in carrying out their State of the Environment reporting duties, 
including:  
 

(i) A detailed numerical printout of annual economy environment performance 
by economic sector 
 
(ii) Providing an improved and higher level of diagnostic ability to help 
explain why state changes are happening (system-wide) 
 
(iii) Helping improve our ability to locate where gaps in our knowledge exist 
as well as limits in the power of our current theory to explain change 
behaviour 
 
(iv) The ability to explicitly model policy interventions so that we can 
measure the effectiveness of our attempts to make a difference 
 
(v) The ability to quantify rates of change empirically in key variables  
 
(vi) The ability to pull monitoring activities into alignment with standard 
systems of industry classification so that interregional and cross-scale 
economic analysis of how we compare over time and space with other regions 
and catchments is possible 
 
(vii) The ability to measure progress objectively against preferred societal 
goals, including LTCCP upper and bottom lines (i.e. information and input 
into policy and plan monitoring) 
 
(viii) Improving the efficiency and effectiveness of the SOE reporting process 
(there are benefits here for Council staff, local communities, and business who 
would all benefit from improvements of this kind)  
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(ix) Accounting for environmental performance (or lack of it) in terms of 
expenditure 
 
(x) Providing data for decision-making in a customised, structured, and easily 
assessable manner 
 
(xi) Leveraging the explanatory power of historical data in order to project 
future trends.15 This will mean that it is possible to project current trends and 
identify the approach to upper and bottom lines before they occur 
 
(xii) Achieving a higher level of legislative reporting integration across: (a) 
Resource Management Act functions; (b) strategic planning and Long Term 
Council Community Plans; (c) regional policy statements; (d) district and/or 
regional plans; and (e) higher-level national policy documents. 
 

3.1.2 Important dynamic GPI accounting model assumptions  
Above are a number of areas in which our current dynamic GPI accounting model has 
the potential to contribute to existing State of the Environment monitoring and 
reporting processes. It is important to note that the potential outlined above rests on a 
number of key assumptions outlined below: 
 

(i) The collection of data for State of the Environment monitoring is a costly 
process, and where limited funding is available for this activity there will 
always be a need to prioritise data collection. The economy environment 
(futures) models do not provide a solution to this problem; however, if 
adopted they will provide an important set of priorities for data collection. 
 
(ii) There will still be a need for a long-term strategic approach to establishing 
clear protocols and systems for gathering model data and information. There 
are no short-cuts for high quality data needed to generate legally defensible 
results. However, the modelling framework may help introduce a range of 
datasets of variable quality that can be used to triangulate problems so that 
investment in costly quality data collection is optimised. 
 
(iii) The model does not provide a magical solution to the limiting 
assumptions of data associated with the different contexts in which it is 
collected. Interpretation of scenario projections can only be undertaken with 
adequate understanding of data context and quality issues. 
 
(iv) Because of the costs associated with data collection, Council usually does 
not have financial resources with which to gather data for data’s sake. Once 
again, the model will not solve this problem. However, it will provide access 
to data resources to which Council does not have access at present. 
 
(v) The model is not the answer to every monitoring need. However, it will 
add a range of tools to which council staff currently do not have access. There 
will be a need to continue current monitoring activities. The model may well 

                                                
15  State of the Environment monitoring has typically been undertaken after-the-fact. 
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provide an effective framework for integrating current datasets and monitoring 
activities into one platform. The ongoing collection of additional monitoring 
datasets will greatly improve and expand the existing analytical power of the 
model. 
 
(vi) The measurement of newly emerging effects can be integrated into the 
model. The model has been built from a high-level object-oriented modelling 
language that is relatively easy to use in extending and expanding current 
model structure. Thus, new issues can be accommodated. 
 
(vii) State of the Environment monitoring involves reporting on key 
indicators. The model cannot offer guidance on the choice of indicators. 
However, it already offers an impressive range of economic, ecological, and 
social indicators that have been derived from extensive international research 
along with local Council and community consultation. The choice, review, and 
implementation of new indicators will be an ongoing process for Council and 
modelling staff. 
 
(viii) The model cannot generate community or business feedback; however, it 
is a framework for pulling together feedback in a structured way so that its 
cumulative implications can be documented and assessed over time. 
 
(ix) The model does not provide a substitute for senior management or 
political support. If anything, given the extensive range of analytical tools 
available in the model, this will place more research power and therefore 
greater responsibility in the hands of senior management and Councillors in 
terms of decision-making.  
 
(x) Finally, there is no perfect model. Our dynamic GPI accounting model was 
built according to the priorities and interests of local stakeholder groups 
involved in this research initiative. The model is grounded in theory and the 
benefit of our own experiences in practice contexts. As such, the model will 
require ongoing resourcing to ensure its datasets are kept up to date and its 
structure is adjusted to meet the demands of an ever changing economic, 
planning, policy, and legislative context in New Zealand.  
 

Active project management of State of the Environment monitoring and reporting is 
important and a challenge in practice contexts that involves careful use of budgets, 
staff time, risk assessment, and communications planning, etc. It is often 
underestimated how long good monitoring and reporting can take, and who needs to 
be involved. Our economy environment (futures) models are not a substitute for any 
of these things. However, they may provide a helpful organising framework that 
improves social economy environment integration in empirical terms and thus greatly 
extends current analytical capability.  
 
As indicated above, our economy environment (futures) models have the potential to 
contribute in different ways to all stages of the SOE monitoring cycle. In the 
planning stage, the scenario power of the model can be employed to explore and 
identify preferred pathways. In the implementation stage, the model can be used as 
an educational and communication tool for building consensus and local ownership of 
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proposed options. During the monitoring and review stage, measurement of the 
implementation process will generate data that can be used to further calibrate the 
model and improve its predictive, evaluative, and analytical power. This then leads to 
the reporting stage during which the model can be used as a database for the design 
and creation of appropriate SOE reporting/communication vehicles.  
 

3.1.3 The Local Government Act 
The Local Government Act (2002) also requires monitoring. Under the Local 
Government Act, local authorities must prepare a long-term council community plan 
(LTCCP). These plans must state how the local authority will monitor and report on 
the community’s progress towards achieving the community outcomes (including 
environmental outcomes) not less than once every three years. 
 
The Local Government Act 2002 (LGA) represented the first major revision of local 
government law for 28 years. These reforms encourage local authorities to focus on 
promoting the social, economic, environmental, and cultural well-being of their 
communities, consistent with the principles of sustainable development. Local 
authorities in consultation with their communities now have greater discretion in the 
choices they make about what services will be provided, and the manner in which 
these services will be undertaken.  
 
The sustainable development approach is described in section 14(h) of the LGA as:  
 

In performing its role, a local authority must act in accordance with the 
following principles: … (h) in taking a sustainable development approach, a 
local authority shall take into account …(i) the social, economic, and cultural 
well-being of people and communities; and (ii) the need to maintain and 
enhance the quality of the environment; and (iii) the reasonably foreseeable 
needs of future generations. 

 
This clause encourages local authorities to play a broad role in promoting the social, 
economic, environmental, and cultural well-being of their communities. Ideally, this 
approach will make it possible for local authorities to take a balanced approach in 
their decision-making. The sustainable development principle is one of 11 principles 
governing the way local authorities must provide for the present and future needs of 
their communities (s14).  
 
The LGA further requires local authorities to consult with their local communities and 
Crown agencies to determine what public goods and services the community wants 
provided. This process leads to the development of community outcomes (Figure 2). 
These preferred outcomes are then translated into a plan of action referred to as the 
long-term council community plan. This is a 10-year strategic planning document, 
and covers all local authority functions from financial planning and economic 
development initiatives, to social service provisions such as libraries, housing and 
community facilities. These plans must be reviewed triennially.  
 
In Figure 2 below we have attempted to show how the LTCCP and community 
outcomes are related to Council’s annual plan/report and integrated monitoring 
activities. From this illustration it is possible to see that State of the Environment 
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monitoring, specified under the terms of the RMA (1991), is closely interrelated with 
the long-term council community planning process. Monitoring for environmental 
outcomes is one of the bottom lines against which the LTCCP is to demonstrate 
compliance and outcomes, but not the only bottom line, as outlined above. Local 
authorities are obliged under the LGA to report on the community’s progress in 
achieving the community outcomes not less than once every three years. This 
compares with the five-yearly SOE reporting requirement in the RMA. The 
monitoring that is undertaken to satisfy the requirements of the RMA will be an 
important part of the environmental monitoring work that is required for the LTCCP. 

 

Figure 2 The interrelationship between community outcomes and integrated monitoring 
activities. 

 
The long-term (10-year) strategic plan is to demonstrate performance across the four 
pillars of the sustainability matrix. The development of a 10-year strategic plan is a 
challenging task precisely because it is a multiple goal problem. Social-economic-
ecological and cultural variables are interrelated. Our dynamic GPI accounting model 
may potentially provide a range of tools that can be used to explore the 10-year 
LTCCP process in a more integrated and interrelated manner. As outlined in the 
previous sub-section of this report, in connection with state of the environment 
monitoring processes, the dynamic GPI accounting model can potentially contribute 
to each stage of the well-known LTCCP plan-do-monitor-review cycle.  
 
One of the difficulties of assessing planning options when developing a 10-year plan 
involves the task of measuring progress towards stated goals. The dynamic GPI 
accounting framework is a potentially helpful way of addressing this problem. It is 
possible to run scenarios based on differing planning options and then evaluate the 
same in terms of eco-efficiency and GP indicators. With a tool of this kind it will be 
possible to explore planning options in a manner that seeks to identify developmental 
pathways that maximise benefits socially, economically, and environmentally. Thus 
in simple terms, the dynamic GPI accounting model will assist in exploring, framing, 
and choosing preferred value propositions that include explicit consideration of trade-
offs involved (i.e. ecologically, economically, and socially). 
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3.2 Summary 
This exploration of different options for the application of our dynamic GPI 
accounting model concludes Part 1 of this report. The aim of Part 1 has been to 
introduce our economy environment (futures) models, explain the historical context in 
which this work has emerged, and explore possible options for the real-world 
application of this modelling work. In Part 2 of this report we describe and explain the 
theoretical and mathematical design of our three economy environment (futures) 
models (Nelson, Tasman and Motueka). We also explain how they are coupled to the 
GPI accounting module and then demonstrate the use of the dynamic GPI accounting 
model (entire). 
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4. An introduction to dynamic GPI accounting model construction for the 
Nelson Tasman regions and Motueka Catchment 

In Part 1 of this report we described the spatially specific models developed for the 
Nelson Tasman regions and Motueka catchment. We also characterise these models, 
describe the goals and research context in which they were developed and look at 
possible applications. Thus, Part 1 provides a general introduction to the various 
building blocks of our completed dynamic GPI accounting model so that Part 2 can be 
read with this developmental context in mind. While the emphasis of the first part of 
this report is a general description, Part 2 is organised by section around each 
component sub-module of the completed dynamic GPI accounting model and starts 
with an outline of model building method. For the convenience of the reader we have 
listed these sub-sections (below) with their appropriate section numbers. 
 

Model building method     section 4 
Demographic module      section 5 
Accounting entity – gross input module   section 6 
Economic modules by REDs sector    section 7 
Economic accounts balance module    section 8 
Balance-of-trade calculation module    section 9 
GRP/GCP calculation module    section 10 
Labour market module     section 11 
Ecosystem services module     section 12 
Genuine progress indicator module    section 13 
Greenhouse gas offset calculation module   section 14 

 
This report section (number 4) is devoted to an explanation of our model building 
method. It would not be appropriate to focus on a technical description of each 
spatially specific economy environment (futures) model and the GPI accounting 
module without first explaining in stepwise terms the method used to build them. 
 

4.1 Model building method 
This sub-section describes our model building method. In Part 1 of this report we 
attempted to mathematically characterise the dynamic GPI accounting model. In the 
second half of section 4 we attempt to position this model theoretically. Overall, 
section 4 sets the scene for a detailed description and explanation of each component 
module of the dynamic GPI accounting model throughout the remainder of this report. 
 

4.1.1 Stepwise model building process explained 
Each spatially specific economy environment (futures) model has been developed 
according to the stepwise process outlined in Figure 3 and explained below. Figure 3 
includes participatory model building efforts aimed at identifying preferred pathways 
for the future development of the Motueka catchment. This same exercise was not 
followed as a part of scoping the Nelson and Tasman economy environment models; 
at least not by our research team. However, Berl researchers responsible for the 
development of the first Nelson Tasman regional economic development strategy 
(REDs) undertook an extensive public consultation process (Berl 2002). This regional 
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economic development strategy provided the initial direction and impetus for the 
Nelson Tasman economy environment model building work. 
 
A generalised description of our economy environment model building method is 
shown in Figure 3. This stepwise method is an attempt to record what we did; 
however, not every step was planned a priori. Consistent with social research process, 
it is rarely possible to determine at the outset of a social learning process what the 
final outcomes will be. Social research process is inherently indeterminate. We report 
here on this entire process in an effort to document what we have done and how we 
did it. In this sense, Figure 3 represents our intended research process; however, some 
specific steps did not unfold as we had initially expected. 
 
The layout of the stepwise process depicted in Figure 3 has 3 key components. First, 
steps 1, 2, 3, 5, and 6 are all connected to the box to the left called ‘stakeholder 
participation and validation’. This does not imply that all stakeholder groups were 
equally represented in each of these 5 steps. Instead, stakeholder groups were chosen 
or formed based on the context of the task at hand, at the time. The details of this 
selection process are noted below. On the right hand side of Figure 3 is a recursive 
loop that indicates that these final steps are to be repeated again and again as: (i) the 
model datasets are improved with datasets gathered by annual monitoring (step 10), 
and (ii) the various spatially specific economy environment models are used in an 
management mode to explore future problems as they unfold. Figure 3 is explained 
step by step below. 
 
Step 1 – involved the use of a stakeholder/scientist participatory process to develop 
and evaluate an influence matrix. A detailed account of the underpinning theory (Cole 
et al. 2006d), participatory process (Cole et al. 2006b), mathematical method (Cole 
2006b) and results of this participatory model building stage are outlined in a range of 
reports (Cole 2002, 2002a, 2003; 2007b, Cole et al. 2005, 2006, Cole et al. 2003) and 
published papers. The aim of this initial step was to trial the use of a participatory 
process in the open-ended model building of a catchment scale economy environment 
model. The Motueka Community Reference Group (CRG) undertook the 
participatory dimension of this model building research32. The results of this 
participatory model building process were never intended to be representative of the 
collective stakeholder community. However, they were widely reported at various 
community/science programme forums associated with the research project that 
involved a cross section of stakeholder interests. Time and resources permitting, much 
more effort would have been required to obtain broad community consensus. A 
question we grappled with is how to define the term ‘representative’.  
 
This concern aside, the results of the influence matrix study suggested that participant 
stakeholder preferences were holistic and not ideally aligned to a conventional market 
economic value proposition. Given a multiple goal context of this kind it is unlikely 
sustainability outcomes would be achieved if the management of the catchment were 
left to market forces. The only practical alternative would be to manage the 
development of the catchment in a manner that maximised opportunities for outcomes 
that enhanced the various sustainability wellbeing goal indicators. This fact 
                                                
32  This group was composed of community members, programme science staff and local government 

staff members and was initially established as a touchstone for the scientists involved in the 
Motueka integrated catchment management research programme. 
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highlighted the existence of a need for the development of accounting tools that 
would help measure progress towards future catchment goals of this kind.  
 
Step 1 played an important role in grounding the initial economy environment model 
building process. There is a very real sense in which the completed dynamic GPI 
accounting model is a fulfillment of what the Community Reference Group (CRG) 
members were exploring in their participatory model building process. We did not 
repeat this participatory model building process in connection with the Nelson 
Tasman economy environment model building project. Instead, this initial step that 
was undertaken in the Motueka research project was completed by the Berl 
researchers who consulted widely as part of the development of the Nelson Tasman 
regional economic development strategy (Berl 2002). This economic development 
research process based on quite extensive public consultation also called for economic 
growth that decoupled environmental and social harm.  
 

 

Figure 3 The various steps involved in the development of the Motueka catchment economy 
environment module.  

 
The initial regional economic development strategy was intended to put in place 
social institutions, research, regional infrastructure (i.e. services) and planning 
processes that would make this public ‘REDs’ future a reality. Unfortunately, this 
initiative failed to secure central government funding support. However, this regional 
economic development strategy (REDs) document provided our model building 
project future goals that have played a key role in grounding our modelling work.  
 
Step 2 – involved the collection of initial datasets needed to build a ‘proof-of-
concept’ model. This included: (i) the development of an economic Input Output 
model at 48 sector ANZSIC33 disaggregation; (ii) the development of various 
                                                
33  Australia and New Zealand Standard Industry Classification 
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biophysical and energy accounts by sector based on the rapid assessment methods 
used in the Nelson Tasman regional study (Cole & Patterson 2003), (iii) social data by 
5-year age cohort and individual sex for the genuine progress indicator accounts; and 
(iv) the collection of male and female, 5-year age cohort demographic data. The base 
year chosen for the model was 2001. Where possible, every effort was to be made to 
collect historic data so as to be able to back cast the final economy environment 
module as a form of calibration test. The development of the energy and economic 
Input Output model was sub-contracted to an economic consultancy firm in Auckland 
called Market Economics Limited. All other biophysical accounts were developed by 
drawing on datasets, reports and expert knowledge within respective regional 
Councils (NCC and TDC).34  
 

Table 1 Appropriate data types and sources used in the construction of our Step 2 
spatially specific economy environment modules 

 
Data type Data source 
Population data Prepared by Stats NZ, Christchurch 
Economic input–output model Prepared by Market Economics Ltd, Auckland 
Energy data Prepared by Market Economics Ltd, Auckland 
Water takes and discharges Nelson City Council and Tasman District Council 
Solid waste data Nelson City Council and Tasman District Council 
Sediment yield data Landcare Research 
Labour market data Stats NZ website (Table builder) 
Air emissions Nelson City Council and Tasman District Council 
Ecosystem services data Published reports (Patterson & Cole 1997) 
GPI accounts (social) Published reports 
 
The collection of appropriate model data was also connected with the processing of 
this data. All model data have been stored in Microsoft excel worksheets with 
appropriate metadata. The processing of all data followed well established accounting 
protocols. Economic and biophysical data was coded to 28-sector ANZSIC. In 
situations were it was not possible to obtain biophysical data by appropriate economic 
sector coding, regional totals were disaggregated and apportioned to each economic 
sector by regional and catchment scale GDP data. In some cases, this type of 
disaggregation method was complemented by locally published studies of economic 
sector performance that were produced by researchers contracted by Regional Council 
technical staff. Regional council staff also assisted with their own research and expert 
knowledge. A more detailed explanation of our data processing methods is published 
in appropriate project reports and papers (Cole 2004, 2006c; Cole & Patterson 2003). 
Table 1 provides a list of our main model datasets and data sources. Further detail on 
specific published sources of data is provided in relevant sections of this report. 
 
Step 3 – why build a demographic module first? Stage 3 was not anticipated a priori. 
However, this initial stage of model development was important for a number of 
reasons. First, this stage emerged as a direct result of LTCCP planning process and 
provided an important opportunity to direct our model development skills at a real-
world problem context. Second, this stage provided an opportunity to explore 
assumptions related to: (i) the use of a mediated modelling approach in this research 

                                                
34  A forthcoming publication will provide a detailed account of the various data sources used in the 

construction of the biophysical and social accounts. 
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context, (ii) the use of a system dynamics approach, and (iii) the amount of time 
required to support a participatory model building process. These experiences were 
valuable in guiding the rest of our economy environment model building work.  
 
The population data (gathered in step 2) was used as a basis for building a dynamic, 
age specific, component cohort population model (Cole 2006h). This model building 
process involved a quite comprehensive and lengthy participatory35 process (Cole 
2007a; Cole & Maxwell 2005) supported by policy staff from the local regional 
councils and included the development of population models at both regional (Cole 
2006e, f, h) and catchment scale (Cole, 2006g). This participatory modelling process 
involved the use of Vensim (Ventana Systems 2002) software that we planned to use 
for the development of the final dynamic GPI accounting model. The use of a multi 
scale model development process36 was intended to provide a form of independent 
validation of the final catchment scale population model against regional scale model 
behaviour.  
 
The population model structure was designed to achieve a number of aims. First, it 
provided an opportunity to experiment with mediated modelling process in a local 
context in order to test the suitability of this approach for steps 7–10 of the economy 
environment model building process shown in Figure 3. Second, it provided a method 
of grounding the population model building research stage in local expert knowledge. 
Third, it provided a very useful experience in exploring how to connect a theory rich 
model building process with real world (planning and policy) issues (Cole 2007a). As 
a first step in model building, this stage of our research method was important and as 
mentioned earlier, unanticipated.   
 
Step 4 – involved the development of a proof-of-concept economy environment 
(futures) model (prototype version 1) that was built in virtual isolation from 
stakeholder participation and based on theory and mathematical method developed in 
earlier research (Cole 2000, 2001). The reason for isolating this step was because it 
involved technical and mathematical experimentation. The final proof-of-concept 
model was presented to an open stakeholder meeting that provided an opportunity for 
feedback, questions and comments on the type of model structure that was emerging, 
as implied by the prototype (Cole 2004) model. The prototype model was scripted in 
Matlab (The Math Works 1984), a command-line programming language based on 
matrix algebra. This type of modelling language is ideal as a prototyping tool, but 
limited as a participatory or real time model building tool. Output graphics from the 
proof-of-concept model were prepared in Microsoft Excel. The main aim of this stage 
of development was to prove that it was mathematically possible to build an economy 
environment model that met the design specifications identified in step 1. As 
mentioned in Part 1 of this report, this proof-of-concept model had very limited 
functionality.  
 
Step 5 – the various components of our emerging economy environment model were 
brought together into one fully operational model (i.e. prototype version 2) built on 
the mathematical structure defined in our earlier proof-of-concept model. Economy 

                                                
35  The word participatory is intentionally used here in preference to mediated. This distinction is 

explained in greater detail in Cole (2007). 
36  Involving both regional and catchment scale model building research. 
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environment model development had now narrowed down to the Motueka catchment 
project after the loss of funding from the regional scale project. 
 
The dynamic population model was designed to be integrated into the fully 
operational economy environment model in this stage of development along with 
other modules that had to be custom built. This stage took about 1 year to complete. 
The way in which the various sub-component modules of the economy environment 
model fit together is shown in Figure 4. The development of the labour market and 
dynamic driver modules was based around a participatory modelling approach that 
built on lessons learnt (Cole & Maxwell 2005) in facilitating a process of this kind 
from the population modelling (step 3).  
 

 

Figure 4 The various sub-components of the fully operational economy environment 
(futures) model are depicted in a manner that shows how they relate to each 
other.  

 
The economy driver module was an attempt to integrate cross-impact matrix theory 
(Cole et al. 2006) with system dynamics modelling software. However, our 
stakeholders struggled to understand how this somewhat abstract model architecture 
worked and the approach proved mathematically fragile. However, this was an 
important step towards the development of economic driver modules based around the 
use of soft variables (Ventana Systems 2002). This second method of determining 
economic growth (by sector) also needed modification and improvement 
(mathematically); however, the use of a graphical user interface (GUI) has proved to 
be highly successful with our stakeholders. 
 
The labour market module development was linked with an existing labour market 
study being run by the Nelson Economic Development Agency (EDA). Staff at the 
agency provided the design parameters for the construction of this module. The first 
attempt we made to build a labour market module was later discontinued. While the 
very first module worked mathematically, the design of the module lacked realism. 
However, this stage of model prototype development served as a useful learning tool 
for both model building and EDA staff. A far more theoretically and mathematically 
complex labour market module was built as part of the revision of this 1st version. 
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Economy environment (futures) model prototype (version 3) emerged from step 5 of 
our model development process and this version of economy environment model 
design contained separate Nelson, Tasman, Motueka, and Nelson Tasman module 
components. The bringing together of specific spatial modules relating to our 3 main 
study areas (Nelson, Tasman and Motueka) was made possible by the relative success 
of prototype (version 2). The version-2 model structure was not without problems that 
required further model development work in order to correct. However, overall the 
structure of this model was both theoretically and mathematically sound.  
 
Looking back, there was some risk associated with all the work invested in the first 
iteration of prototype (version 2). This prototype worked from a functional point of 
view but had some rather substantive problems. The worst was that the economic 
engine of the model was producing incorrect results at time step one. This indicated 
that our exogenous datasets (stored in excel worksheets) were not being read correctly 
into the model. This was a serious problem caused by the fact that the Vensim 
software engineers had used single digit precision as a constraint on importing data 
into a model structure. This software sub-routine was rounding any number larger 
than 6 digits, causing gross errors in our model calculations. After much effort, we 
eventually found an answer for this problem.  
 
The potential for the emergence of serious computational problems of this kind is 
always present in model building work. Our failure to resolve this problem would 
have rendered irrelevant an entire year’s model building work. This problem was 
finally resolved and prototype (version 2) became the structural building block for our 
current economy environment (futures) models (version 3). We have added this 
narrative to highlight some of the challenges associated with implementing model 
building research method of this kind. 
 
Steps 6-10 – these are currently forward-looking steps in our model building process. 
As of the writing of this report, steps 6–10 and beyond are still to be completed. Step 
6 involves the collection of additional ecological, social and cultural data that can be 
integrated into the existing model structure in a manner that broadens the scope and 
power of the model. Step 7 is a repeat run of step 5, which involves the setting up of 
the dynamic driver module based on industry data. This driver module needs a 
process of much broader stakeholder participation and validation that will ground this 
part of the model in a combination of empirical data, current theory and local expert 
knowledge. Collective design of the different sector driver modules provides the 
scenarios for running the finished dynamic GPI accounting model.  
 
In step 8, a representative stakeholder group is needed to work together with the 
model builder and appropriate facilitators to map out a series of developmental 
scenarios for the use of the dynamic GPI accounting model. These scenarios will be 
run and adjusted in a group participation mode. In step 9, the results of the scenario 
runs will be evaluated and written up in a series of reports that interweave the various 
growth scenarios of the catchment with what the model is able to tell us about likely 
ecological, social and economic costs and benefits.   
 
In step 10, the model will be institutionally embedded, a process that implies: (i) 
agreement on the nature and scope of future use of the model; (ii) the development of 
a suitable user interface and (iii) training of support staff to provide future data 
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management, data monitoring, updating of the model datasets, and facilitation of its 
use by local interest groups. Step 10 links with steps 6–10 in an ongoing operational 
loop that is intended to provide for the continuing use of the model as a scoping tool. 
 

4.1.2 Reviewing our model building method 
The aim of this sub-section has been to provide a step-by-step account of our model 
building method. Consistent with the indeterminate nature of social research process, 
it was not possible to say at the beginning of this process that we would end up where 
we currently are. Despite the uncertainties involved in this journey we have 
documented this process as we feel it provides lessons of value to future model 
building effort. The stepwise method or process outlined in figures 3 does not fully 
describe the huge amount of work involved in this model building initiative. 
Beginning a project of this kind is relatively easy. However, finishing it is a 
challenge, quite apart from the mathematical and theoretical rigor associated with 
building a complex systems model of this kind. Figures 3 and 4 portray an essentially 
linear path of model development. We start with step 1 and end with step 10. The 
stepwise method shown in Figure 3 only shows what has happened in terms of 
physical model development and associated social engagement processes.  
 
What Figure 3 does not show is all the indirect causes or influences that have played 
an equally important role in the shaping of thinking that underpins the developmental 
process shown in Figure 4. In an attempt to illustrate this point we have prepared 
Figure 5. In Figure 5 time runs from left to right. The numerous indirect causes and 
influences associated with the achievement of a completed economy environment 
(futures) model (prototype version 3) are shown as indirect causal pathways on the 
left hand side of Figure 5. These causal pathways represent many different types of 
causes (influential people, institutional, research, teaching and learning experiences 
etc.). Time begins on the far left hand side of the drawing at around 2002; a time 
period associated with early development work on the influence matrix. The headings 
at the top of Figure 4, linked to vertical dashed lines, represent the various stages 
through which this model-building project progressed in terms of stakeholder 
involvement. The stages portrayed across the bottom of the picture from left to right 
represent the various theoretical developmental stages of this modelling process.  
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Figure 5 The role of indirect causes in contributing to the theoretical and methodological 
creativity needed to complete a project of this kind successfully. 

 
Figure 5 visualises the idea that a model-building project of this kind is a highly 
systemic undertaking that draws creativity from theory and resources across a wide 
range of experiences through time. This indirect causal process is poorly portrayed in 
a stepwise description in Figure 3. Furthermore, it is extremely difficult to plan a 
research programme of this kind (a priori) because it is essentially related to highly 
probabilistic causes more akin to what modern educational researchers are now 
calling ‘wave riding’. A model building method of this kind does not fit well into our 
current contestable research-funding environment that places great emphasis on linear 
research process and predictable research outcomes. You cannot anticipate and or 
plan a research programme of this kind. You can set initial conditions in place and 
fund the unfolding of exploratory process, while trying to maintain those conditions 
that promote creativity, co-learning and experimentation. In economic terms, the 
problem is that a research agenda of this kind involves uncertainty and risk elements 
that are not attractive to potential funding organisations like FRST.  
 
Being able to explain what method or methods we followed in building a model is just 
as important as being able to explain how we are able to theoretically position what 
we have done in terms of existing modelling literature. Theoretically positioning our 
work helps define the state of current thinking in a field of research endeavour so that 
it is possible to quantify more clearly what role innovation has played in our research 
activities, outcomes, and outputs. In the case of our economy environment models the 
task of theoretically positioning our work is a challenging one because of the degree 
of cross disciplinary integration involved in this modelling work. Given these 
challenges, in the second and final part of this report section we attempt to position 
our modelling work theoretically amid the various bodies of published literature that 
need to be cited in order to position this research effort.  
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4.2 Theoretical scope 
The dynamic GPI accounting model is grounded and based in five main bodies of 
theory that are individually outlined below and collectively constitute cross 
disciplinary grounding in the development of this calculation tool.  
 

4.2.1 Ecological economic theory  
The overarching theory base for this accounting model research is drawn from the 
ecological economic literature (Costanza 1989) that provides a critique of 
conventional economics (Costanza 1991, 1996; Daly 1968, 1973a,b; Costanza 1993) 
and an emerging theoretical and method frontier for the development of tools to 
address these problems. Within this broad field of research and theory, our dynamic 
GPI accounting model specifically integrates across: (i) current thinking on the use of 
system dynamics modelling software (Costanza 1987; Costanza & Gottlieb 1998; 
Costanza & Voinov 2001) in the development of (ii) systems modelling tools (Folke 
et al. 1997), developed in a (iii) participatory (Maxwell & Costanza 2006; van den 
Belt 2004) context that seeks to mathematically integrate (iv) economic processes 
(Bockstael et al. 1995) with (v) ecological processes (Boumans, et al. 2002; Costanza, 
1994) to (vi) explore sustainable futures (Costanza 1993), with an emphasis on (vii) 
connecting theory and practice (Binder et al. 2002).  
 
The development of ecological datasets for the model is grounded in ecosystem 
services theory (Daily 1997ab; Goulder & Kennedy, 1997). The ability to integrate 
economic, social and ecological datasets together in one single model draws on the 
ecological economics theories of value (Costanza 1980; Patterson 1998; Ulanowicz 
1991) literature. Ecological economists are not alone in their desire to better 
understand how to measure progress towards societal and ecological goals with the 
aid of financial and non-financial accounting systems. In the final stages of our 
economy environment (futures) model development we also drew on emerging 
genuine progress indicator theory (Cole 2006a; Talberth et al. 2007) and methods 
(Anielski et al. 2001).   
 

4.2.2 Economic theory  
The structural foundation of the economy environment models is a static economic 
Input Output model that provides a data-rich portrayal of annual economic 
transactions by sector for a given local economy (Kurz & Salvadori 1998; Leontieff 
1941). An economic Input Output data table is a static mathematical entity used as a 
dynamic, time series model in this model building work. There are a number of 
reasons for using economic IO data as a structural basis for our model: (i) economic 
IO data provides a high level of resolution on inter-industry economic transactions, 
(ii) economic IO data is respected and commonly used by economists/industry who 
understand its strengths and limitations, (iii) economic IO data is used as the basis of 
(dynamic) computable general equilibrium (CGE) models that are once again 
respected by economists. Our economic IO table has been constructed by utilising 
national-level Input Output and regional employment data in association with a GRIT 
method adapted to catchment scale (West et al. 1980).  
 
The economy environment models draw on labour market (Shirley et al. 1998; 
Spoonley et al. 2004) and demographic theory (Newell 2002; Pool 2002; Zodgekar & 
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Khawaja 2002) in the development of the linked component cohort population model 
and labour market modules. The drivers developed in version 2 of the economy 
environment models were grounded in macro-economic theory (Dalziel & Lattimore 
1991; Honda 1998) that provided a theoretical basis for linking cause and effect 
between global (Clark & Williams 1995), national (Lane 1983), and regional 
economic scales (Cook 2007a,b). The dynamic, biophysical Input Output model at the 
heart of our economy environment models builds on emerging Input Output theory 
and practice as a basis for integrating economic and biophysical data (Daly 1968; 
Isard 1968; Leontief 1970; Victor 1971, 1972a,b).  
 

4.2.3 Mathematical theory 
The economy environment models are mathematically based on the use of coupled 
systems of finite difference equations as employed in typical system dynamics 
modelling software (Ventana Systems 2002). The Input Output model and data entity 
is based in matrix algebra (Leontief 1941; Victor 1972ab) theory. The demographic 
module of the economy environment models is based on component cohort 
population model theory (Klosterman et al. 1993; Pittenger 1976, 1977, 1980) and an 
understanding of curve fitting techniques (Kuo & Fox 1992) needed in historic dataset 
construction.  
 
The development of the version 2 driver sub-module for our economy environment 
models built initially37 on the theoretical foundations of cross-impact matrix analysis 
(Cole et al. 2006a; Gordon & Hayward 1968) and influence matrix theory (Cole 
2006b; Vester 2004; Vester & Hesler 1982). The economic sector driver module 
associated with prototype (version 3) was greatly simplified and based on the use of 
soft-variables typically associated with system dynamics modelling software 
(Costanza 1987; High Performance 1997a,b,c; Ventana Systems 2002). 
 
The overall structure of the model is built by using some of the systems modelling 
principles provided in the system dynamics literature, including the mathematical 
treatment of: (i) time, (ii) space, (iii) scale, and (iv) cross boundary interdependencies 
(Keys 1990; Morecroft 1987) but excluding the detailed treatment of feedback 
regulation and time delays. Rapid assessment techniques (Cole & Patterson 2003; 
McDonald & Patterson 1998, 1999) were applied to help develop energy and 
biophysical datasets aligned to economic sector activity. 
 

4.2.4 Genuine Progress Indicator (GPI) accounting theory 
Our dynamic GPI accounting model integrates two different approaches to 
accounting. The spatially specific economy environment modules are based on the 
use of economic and biophysical Input Output accounting method. These modules are 
responsible for mathematically depicting economic growth and associated biophysical 
resource use and pollution. In model building terms, accounting for economic growth, 
natural resource use and pollution by economic sector is already an analytical 
improvement on conventional economic modeling tools. However, a spatially specific 
economy environment model of this kind still only focuses attention on two of the 
sustainability capitals (i.e. built and natural capital). In order to capture the influence 

                                                
37  Prototype (version 2) 
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of economic growth on human capital we have integrated our biophysical Input 
Output (built and natural capital) accounts with welfare (i.e. human) capital 
accounting (i.e. the genuine progress indicator). Because our use of GPI accounting is 
so central to the finished dynamic GPI accounting model, we provide a theoretical 
outline (below) of the development of thinking in this area of welfare accounting.  
 
The theoretical basis of the genuine progress indicator is welfare economics (Yew-
Kwang, 2004) and hence the name ‘Index of Sustainable Economic Welfare (ISEW)’ 
given to the theoretical and methodological precursor to GPI. Lawn and Clarke (2008) 
point out that both indexes (ISEW and GPI) are theoretically identical and that the 
change in name to Genuine Progress Indicator probably reflects an attempt to raise the 
public profile of this accounting method and thus increase public appeal for an 
alternative indicator to GDP. Another less well known variant of ISEW is the 
Sustainable Net Benefit Index (SNBI) which is once again theoretically identical to 
the GPI and ISEW and differs only in its explanation of the need for such an index 
and method of calculation (i.e. it uses separate cost and benefit accounts), (Lawn & 
Sanders, 1999). 
 
The GPI is essentially a collection of accounting adjustments created to address 
fundamental inadequacies of economic GDP as a measure of progress in human 
welfare terms. It is based on the notion of national income measurement proposed by 
Hicks (1946) who argued that this metric should measure the maximum amount 
humans can annually consume without undermining their capacity to produce and 
consume the same amount in the future. This is an important point and yet one that 
appears to be commonly misunderstood in policy/planning practice in New Zealand at 
least. The use of a GPI accounting framework is not an ideal substitute for State of the 
Environment reporting or a contemporary alternative to well known pressure 
/state/response indicators widely used in planning and policy practice.  
 
The Genuine Progress Indicator is a single dimensional metric comparative with 
GDP. It is based on a ‘capital’ accounting method that is designed to mathematically 
adjust the income weighted consumption component of GDP for ecological and 
human wellbeing costs and benefits that GDP does not measure. For this reason, 
while the selection of accounting adjustments used in various international GPI case 
studies has varied, this is usually, only because of data availability (Lawn & Clarke, 
2008) rather than the expression of individual or collective preferences by 
stakeholders and researchers in regards to what they think should and should not be 
measured.  
 
Confusion over the role of how to go about constructing a set of GPI accounts and 
appropriate choice of indicators has possibly been caused by academic debate as to 
whether human and ecological welfare should be measured in capital (Costanza et al., 
2004; C. Hamilton, 1999) or full cost accounting terms (Coleman, GPI Atlantic., & 
Nova Scotia. Department of transportation and public works., 1998; Colman, Atlantic 
Canada Opportunities Agency., Nova Scotia. Dept. of the Environment., Nova Scotia. 
Dept. of Economic Development and Tourism., & GPI Atlantic., 1998; Colman & 
GPI Atlantic., 2000; Colman, GPI Atlantic., et al., 1998).  
 
While the origins of the modern day GPI accounting method has its beginnings in the 
theoretical contributions of Fisher (P. Lawn, 2006) and Hicks (1946), it has really 
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only been over the last 2 decades (Anielski & Rowe, 1999; Beca & Santos, 2010; 
Brennan, 2008; Clarke & Lawn, 2008; Cobb, Halstead, & Rowe, 1995; Cobb, 
Goodman, & Wackernagel, 1999; England, 1998; Forgie, McDonald, Zhang, 
Patterson, & Hardy, 2008; Hamilton, 1999; Hamilton, Saddler, & Australia Institute., 
1997; Lawn, 2006, 2007; Lawn & Clarke, 2010; Lawn, 2003; Lawn & Clarke, 2006; 
Lawn & Sanders, 1999; Max-Neef, 1995; Mori & Christodoulou, 2012; Neumayer, 
1999, 2000; Neumayer, 2004; Rylander, 1996; Talberth, Cobb, Slattery, & Redefining 
Progress, 2007) that theory and method in this research area have developed.  
 
While international published literature on the application of GPI accounting method 
now includes most continents (Atkinson & Centre for Social and Economic Research 
on the Global Environment., 1995; Bagstad & Shammin, 2012; Bleys, 2008; 
Castaneda, 1999; Ciampalini, Pulselli, Tiezzi, & Zappia, 2005; Clarke & Islam, 2005; 
Costanza et al., 2004; Gil & Sleszynski, 2003; Hamilton, Denniss, & Australia 
Institute., 2000; Hanley, Moffatt, Faichney, & Wilson, 1999; Kusago, 2007; 
Mundayand & Roberts, 2006; Nourry, 2008; Ollivier & Giraud, 2010; Pulselli, Bravi, 
& Tiezzi, 2012; Shmelev & Rodriguez-Labajos, 2009; Stymne & Jackson, 2000; Yu, 
Hou, Gao, & Shi, 2010), theory development in this area has slowed.  
 
The dynamic GPI accounting model outlined in this report is based on the GPI 
accounting method developed by Mark Anielski (2001) of the Pembina Institute for 
Appropriate Development in Alberta. Along with the full cost accounting GPI method 
of Ron Colman of Atlantic GPI, the GPI accounting framework of Anielski (2001) is 
one of the most widely used in international GPI case studies. The GPI accounting 
method outlined in this report seeks to contribute to the method of Anielski (2001) by 
the calculation of a dynamic GPI. This is accomplished by combining the economic 
Input Output and GPI accounting systems. The spatially specific economy 
environment (futures) models for Motueka, Nelson, Tasman and Nelson Tasman 
provide the annual economic, ecological and social data in our model that the GPI 
accounting module uses to calculate an annual GPI. While the international GPI case 
studies cited above are based on a retrospective or historical calculation of national 
GPI, our model calculates a ‘futures’ GPI (2001-2025) based on annual model time 
steps of 1 year. This is a new development in GPI accounting that involves the 
creation of a dynamic GPI account across multiple scales within one model. The 
nearest counterpart to an approach of this kind that we are able to find in the 
international published literature is by a group of researchers in Maryland (McGuire, 
Posner, & Haake, 2012) who have used their retrospective GPI accounts for the time 
period of 1960-2010 as a basis for building a small system dynamics model that 
recalculates the Maryland GPI for 1960-2010 over a projected period of 2010-2060 
based on changes in 3 government policy/model variables (i.e. green jobs, smart 
growth and clean energy). This model is really only intended as a calculation tool 
aimed at assisting the public (via a website38) to visually see the importance of these 
government policies on long term sustainability and welfare outcomes for Maryland. 
For this reason, the dynamic GPI accounting model described in this report appears to 
make an important contribution in (i) the integration of dynamic biophysical Input 
Output and GPI accounts (ii) across multiple scales and (iii) the use of a dynamic 
economy-environment-social futures model to provide real time data for the 
calculation of a GPI.  

                                                
38  http://dnrweb.dnr.state.md.us/netsim/netsims/seanmcguire/gpi_model_121509/index.html 
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4.2.5 Organisational learning theory 
One of the greatest challenges of this model building research project lies in bridging 
the gap between the theoretical/quantitative scope of this dynamic GPI accounting 
model and real-world practice (Bingham et al. 1995; Costanza 1991; Costanza & 
Cornwell 1992; Costanza et al. 1992), especially in New Zealand’s current planning 
and policy context. This dimension of model development has involved contributions 
from a range of practitioners who build on theory in a number of areas including: (i) 
organisational learning (Kim & Senge 1994; Senge et al. 2005; Sharma et al. 2006), 
(ii) educational psychology (Carmichael et al. 2004; Gardner 1983, 1993ab, 1999; 
Sharma et al. 2006), (iii) transdisciplinarity (Max-Neef 2004; McGregor 2005; 
Nicolescu 2005) and collaborative learning  (C. Allen & Stankey, 2009; Allen & 
Jacobson, 2009). 
 

4.3 Modelling rationale 
The dynamic GPI accounting model is designed to project scenarios of system 
behaviour into the future rather than exact predictions. The aim of the model is to help 
us explore the future rather than predict it. The exploration process works by 
changing variables in the model to see what outcomes this type of change produces 
long term across the various component parts (i.e. economic, ecological and social) of 
the model. The model structure is designed around the coupling/integration of 
biophysical, social and ecological datasets at sector scale, which provides significant 
scope for data-rich analysis of model scenarios and projections. Model validation is 
undertaken on a component-by-component basis. Wherever possible, historical data 
have been collected to make back casting of the model possible. In the absence of 
data, we have relied on local expert knowledge and whatever data was available. 
 

4.4 Modelling rationale: key model assumptions 
Below, we comment on the key assumptions needed to uphold the modelling rationale 
outlined above.  
 
The dynamic GPI accounting model is based on the assumption that economic growth 
linked with indicators of ecological and social change provides a suitable basis for 
exploring aspects of sustainability across these 3 capitals. Based on the definition of 
sustainable development used in the Resource Management Act (1991) our model 
attempts to depict human values associated with rates of use of ecological, social and 
economic capital linked to GDP, GPI, social and biophysical indicators of wellbeing. 
The model does not include data or numerical analysis related to: (i) the quantification 
of all capital stocks (i.e. some are included) (ii) rates of depreciation of all capital 
stocks (i.e. once again, some are included), (iii) the socially fair distribution of 
natural/economic capital across generations and/or (iv) a complete analysis of its 
efficient allocation within the market system itself (i.e. the model adjusts for income 
distribution but does not have a market pricing system). Finally, in sustainability 
terms, the model currently provides a perspective on cultural wellbeing that is biased 
in favour of a Pākehā eco-centric view of the world. At this stage of model 
development we have not attempted to address the challenge of defining and 
mathematically depicting (in accounting terms) a Māori cultural perspective on 
wellbeing. This needs to be done and is currently being explored in other funded 
research activities (Awatere 1997; Cole 2006, 2007, 2009; Crystall et al. 2008). 
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Our intended use of the economy environment model further assumes that the most 
effective way of identifying preferred developmental pathways that minimise 
collectively undesirable ecological, economic and social tradeoffs lies in a 
participatory use of the model. Such a participatory process would employ the 
dynamic GPI accounting model to facilitate public dialogue around model scenarios 
that make key tradeoffs and indirect benefits associated with economic performance 
more visible.  
 
In terms of model behaviour, we assume that the dynamic GPI accounting model 
system stays near an interregional transactional equilibrium sustained by annual 
market clearing involving the use of interregional imports and exports. We also 
assume that the model can be usefully projected over a time horizon of 10-20 years – 
a time horizon that does not involve significant (economic) structural change in the 
economic ecological social system the model is intended to depict. Finally, we 
assume that economic, ecological and social capitals can be adequately represented 
within the confines of the systems stocks and flows model paradigm based on the 
discrete (annual) treatment of time.  
 

4.5 Summary 
The method section of this report (outlined above) assists in explaining our model 
development process, theoretically positioning our dynamic GPI accounting model, 
outlining our modelling rationale and key assumptions. This more technical 
introduction to the design and development of our dynamic GPI accounting model 
(version 3) will be expanded in greater detail over the remaining sections of this 
report. 
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5. The population module – an introduction 
An important influence on economic and environmental change is human population 
growth that creates demand for goods and services. To meet this need, a cohort 
component, population growth module was developed using system dynamic 
modelling software46 with demographic data from Statistics New Zealand. The 
prototype version of this model was first publicly presented to a collection of 
interested community members, planners and policy makers in June 2005 in a 
meeting of the Motueka Community Reference Group (CRG) at Tasman District 
Council. In October of the same year a provisional set of low, medium and high 
population projections were released for review among local council staff. Feedback 
from these initial model results has now been used to produce the model projections 
contained in this report. 
 

5.1 Population module building goals 
Mathematical models are usually built by a group of people who have very clear ideas 
about how such a model is to be used. Our model building team also had ideas about 
how a population growth model could be used in a community, planning and policy 
context. We outline these goals below because they have influenced the development 
of the population model in terms of choice of modelling software and selection of 
datasets. Decisions of this kind influence how a given model can be used. 
 

(i) Growth projections – an important function of a population model is the 
ability to produce projections of future population change based on available 
data and different assumptions about the drivers of future population change.  
 
(ii) Historic population change data – where possible we wanted to develop 
assumptions about future population change based on historic population data. 
 
(iii) Participation – it was important that the structure and function of our 
model could be easily understood so as to make the model building process as 
accessible and inclusive as possible for those wanting to be involved.  
 
(iv) Population module datasets – the design of the model should ideally make 
it easy to annually update datasets. 
 
(v) Population age structure – the use of population growth projections in a 
planning and policy context would be made more effective if it was possible to 
generate data on longer term changes in population age structure.  
 
(vi) Time horizon – the aim of generating scenarios would be to concentrate 
on the identification of upper and lower bounds of long term population 
change rather than the production of short term forecasts.  
 
(vii) Aggregation – to build the model in such a way that local population 
projections could be aggregated together to produce a Nelson Tasman regional 
projection series. 

                                                
46  Vensim software 
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(viii) Comparison of results – standardisation of data would make possible the 
comparison of model results with projection series produced by other 
modelling tools now and in the future. 
 
(ix) Portability – making the population module accessible and reproducible in 
other research contexts given appropriate data and knowledge of the drivers of 
local population change.  

 

5.2 Population module development to date 
Most of the goals mentioned above have been achieved in the development of the 
population model. First, the population module uses widely accepted demographic 
data standards. Second, the low, medium and high population module projections 
have been developed in a participatory manner. Third, the population module 
projections have been aggregated to build a combined regional picture of population 
change. Fourth, the detailed datasets used in the population module make it possible 
to track change in total population and age structure (by 5-year age groups), as well as 
male and female sides of the population. Finally, the population module structure 
makes it possible to build future growth scenarios based on historic data trends. 
Further work is needed on the portability goals. At present, with a small amount of 
training, someone with good spreadsheet skills and data management competency 
could learn to use the population module to run their own projections. However, with 
further developmental work it may be possible to build a graphical user interface that 
would make the population module accessible to a wider group of non-scientific end-
users.  
 
In summary, in building the population module outlined in this report we have 
attempted to: (i) develop a modelling tool with local community, planning and 
business needs in mind; (ii) use historic population change data as a basis for building 
future growth trends; (iii) build an open structure that can be changed and updated; 
(iv) base growth projections and age structure changes on likely upper and lower 
bounds over the intermediate to long term; and (v) make possible the comparison and 
aggregation of model results up to a combined regional scale.  
 
The remainder of this report section is organised around the following structure. 
Section 5.3 introduces the software we have used and describes the model structure 
along with the procedural steps followed in building, testing and using this module to 
generate initial population growth projections. Section 5.4 focuses on the 
development of model data sets. Section 5.5 records the population module 
assumptions used to generate the low, medium and high scenario projections. Section 
5.6 draws together some conclusions and provides recommendations on where 
investment in further research and data collection could improve this current module.  
 

5.3 Population module building procedure explained 
The aim of this section of the report is to provide some background information on 
the model software, structure and procedural steps involved in building, testing and 
using the model. 
 



55 

5.3.1 Population module software 
The population module was developed using visual modelling software called Vensim 
(Ventana Systems 2002). The population module could have been built in a 
spreadsheet environment; however, Vensim is especially designed for use in 
collaborative model building projects. It has a graphical interface based on visual 
objects rather than numbers and mathematical equations. The visual model objects 
symbolise system elements such as stocks, processes, material and information flows. 
The mathematical equations are hidden within these construction objects and based on 
coupled systems of finite difference equations. Model data are loaded into the 
software using a function that imports large time-series datasets in an excel 
spreadsheet format. This feature in particular provides a great deal of flexibility for 
running population growth scenarios based on different model assumptions. 
 

5.3.2 Population module structure 
The population module simulates the growth of a population simultaneously across 5-
year age cohorts from birth to 85 years. The very last age cohort includes all members 
of the population 85 years and over, a convention used in building datasets by 
Statistics New Zealand. The population module is also divided into male and female 
population age cohorts. While this model structure is very intensive in terms of its 
demands for data, this approach provides enormous analytical scope to report on and 
query model modules and extract model data on population growth, changes in 
fertility and mortality, international, inter-regional and between-region migration.  
 
In addition to the above, it is possible to evaluate each of the attributes of population 
change mentioned above by age structure and sex for the total time period of a given 
projection. For example, it would be possible to evaluate inter-regional migration by 
age structure for males, females or both. This would first show how many people 
arrive in Tasman from other regions and depart from Tasman to go to other regions. It 
would also show the age structure of these migrants and how this age structure 
changes over the time horizon of the population projection. For the purposes of this 
report, we have only produced an age structure analysis of population change for 
male, female and total population. There is much more detailed analysis of age 
structure that can be generated by the population module if this is needed for strategic 
planning and policy development. This information may also be of value to the 
tourism sector, economic development agency and other local government 
organisations wishing to know the likely age composition of migration patterns.  
 

5.3.3 Steps involved in building, testing and using the population module 
Figure 6 provides an overview of the main steps involved in building, testing and 
using the population module. Below we provide a brief commentary on each of these 
twelve steps.  
 
Step 1 – Before beginning the work of building the population module it was 
necessary to research the availability of population data across the different attributes 
of population change that we wished to include in the model. For example, without 
population data in a 5-year age cohort format it would not be possible to build or 
evaluate changes in the age structure of the population. Historic sub-national and 
catchment scale census data had to be especially prepared and purchased from 
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Statistics New Zealand. In most cases we were able to obtain data back to 1991. In 
some cases it was also possible to get data back to 1981. 
 

 

Figure 6  The generalised steps involved in building, testing and using the population 
model. 

 
Step 2 – The population module was slightly constrained by the format of available 
age cohort data. The standard 5-year age cohort datasets available from Statistics New 
Zealand do not include age cohorts over 85 years. Figure 7 provides an illustration 
that shows the basic arrangement of each age cohort in the population module for the 
male population cohort aged between 10 and 14 years. For each age cohort in the 
population module there are nine drivers that change the state of the cohort at each 
time step as determined by coefficients derived from fertility, mortality and migration 
data. Most of these coefficients change at every time step of the population module 
and are determined by the assumptions made by the modelling team. The ageing 
coefficients are an exception to this rule. They remain constant as dictated by stable, 
natural ageing processes, i.e. for a stable age structure, 20% of 5-year age group 
moves up into the next age group per year.  
 

 

Figure 7  An example of the structure of each age cohort in the model. 
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In Figure 7, the nine determinants of population change at every time step of the 
model are: (i) international arrivals; (ii) arrivals from the near area (TDC in this 
example); (iii) arrivals from the remaining regions of New Zealand (RONZ); (iv) 
international departures; (v) departures to the neighbouring area (TDC in this 
example); (vi) departures to the remaining regions of New Zealand (RONZ); (vii) 
departures from the cohort by natural death rate; (viii) arrivals to the cohort from 
natural ageing; and (ix) departures from the cohort due to natural ageing. Overall, the 
model has 305 variables, most of which change at each time step of the simulation. 
Managing these data is an important part of maintaining the integrity of the model. 
 
Each of the age cohort modules in the population module are linked in the form of a 
long chain-like structure, one for each of the male and female sides of the population. 
A picture of part of these chain-like structures is shown in Figure 8. At the right hand 
end of this chain is the 85-years-and-over age cohort. At the left hand end of the chain 
is the module that adds new individuals to the 0–4-year age cohort of the population.  
 
Step 3 – In step 2 the basic model structure is built. In step 3, the output modules are 
constructed. These modules are used for data query, monitoring and exporting 
purposes. They add no additional functional power to the population model. The 
output format of these data is also used for comparative purposes like testing the 
outputs of the model with Statistics New Zealand model projections. Examples of 
these modules are shown below: Figure 9 LHS – this module organises data into 
male, female and total population counts; Figure 9 RHS – this module organises data 
into births, deaths and [births – deaths]; Figure 10 LHS – this module organises data 
into arrivals, departures and total international migration; Figure 10 RHS – this 
module organises data into arrivals, departures and total regional migration. 
 
Step 4 – The output modules developed in step 3 make it possible to compare the 
performance of the regional model with previous model projections such as those 
provided by Statistics New Zealand. This step is essentially a model verification 
check to ensure the structure and function of the population module is producing 
expected results. 
 
 



 

 

58
 

 

 

Figure 8  An illustration of the chain-like age cohort population model for the male side of the population and including cohorts 0-4 years and 5-9 years. 
Each individual age cohort is based on the standard architecture shown in Figure 2.  
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Figure 9  Two of the output modules associated with the population model of Figure 3 and 
used to organise population data (LHS) and birth/mortality data (RHS). An 
enlarged version of these smaller images is located in Appendix Table A10. 

 

 

 

 

Figure 10 Two of the output modules associated with the population model of Figure 3 and 
used to organise international migration data (LHS) and regional migration data 
(RHS). An enlarged version of these smaller images is located in Appendix Table 
A10. 

 
Step 5 – In steps 1–4 the population module has been constructed and verified. In step 
5 the historic population data are used as a basis for generating projections of likely 
changes in the different attributes of total population change (fertility, mortality and 
migration data). Because we are using 5-year age cohort data, these manipulations are 
reasonably complex. It is necessary to change all 36 male and female age cohort 
variables (for fertility, mortality and migration data) by the same proportion in a way 
that maintains the age cohort relativities that exist in the original 2001 base year data. 
We used a spreadsheet for these calculations. A future development of the model will 
involve streamlining and improving this aspect of scenario generation. The 
extrapolation of historic data trends has been accomplished using heuristic evaluation 
criteria. Given the number of variables involved and therefore the possible degrees of 
freedom in the model nothing would be gained in seeking to model these trends. The 
system is too complex. Instead, simple heuristic criteria such as continuity, trending, 
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goodness of fit, and tracking within upper and lower historic bounds were used to get 
agreement between historic and projected model data. Tracking between upper and 
lower bounds is an important guideline relied on when using this approach. Keeping 
extrapolated data within upper and lower bounds is based on the assumption that the 
system has historically demonstrated the capacity to reach these limits. This 
assumption is valid assuming all things remain “business as usual”.  

 
Step 6 – In step 6 the extrapolated data are loaded into the population module using 
an excel spreadsheet. The simulation is run and the output data are then used as a 
check to make sure that the coefficients fed into the model (based on historic data 
trends) are generating results that also provide continuity between past and present. 
The initial base year coefficients are used only as a starting point for generating 
population change.  

 
Step 7 – If the future projections are not acceptable extrapolations of historic data 
trends then it is necessary to make adjustments to the base year coefficients. This 
iterative process continues until the various parts of the population module are all 
producing acceptable results.  
 
Step 8 – The iterative process of population module adjustment and scenario running 
results in the production of low, medium and high projections. The outputs of these 
simulation runs is exported from the population module and then organised into table 
and graph format in preparation for peer review. 
 
Step 9 – The results of the low, medium and high model projections are sent for peer 
review intended to provide a reality check on the results. The model and its results 
have been peer reviewed by local council staff, a nationally recognised authority in 
population demography at Waikato University and a system dynamics model builder 
at Market Economics Ltd in Auckland.  
 
Step 10 – Peer review resulted in a number of outcomes. First, for some population 
module projections, step 10 was required to make some minor adjustments to the 
model. Second, in some cases the peer review process also raised questions about 
irregularities in the population  module outputs and made it necessary to return to step 
6 to re-run the population module scenarios again. In some cases it was also necessary 
to return to step 4 to undertake further verification of parts of the population module 
that did not seem to be producing expected results. Through this iterative process the 
population module structure and projections were developed, tested and refined.  
 
Step 11 – Assuming that only final adjustments needed to be made to the population 
module in step 10, it would then be possible to run final scenarios in step 11.  
 
Step 12 – This final step in the modelling process involves the organising of output 
data into tables and graphs for a final consistency check and report writing. 
 

5.4 Datasets 
The aim of this report sub-section is to document key information about the datasets 
used in the construction of local population projections. Without exception, all data 
for the model were provided by Statistics New Zealand. Most data have been derived 
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from past census records. It was possible to obtain data for some attributes of 
population change back to 1981, although not without manipulation of the original 
census data in order to take account of local government boundary changes that have 
occurred. In the case of some data sets it was only possible to obtain data back to the 
1990s.  
 
Two types of data sets are required for the population module. First, historic data are 
required to understand past behavioural trends in total population change, fertility, 
mortality and migration. Second, the population module is run using base47 year 
coefficients that determine fertility, mortality and migration rates of change for each 
time step of the model. The details, references and manipulations made to the datasets 
for use in the population module are recorded below.  
 

5.4.1 Fertility data 
Fertility rate data were calculated using age-specific fertility rates for the period 
1996–2001. These data were prepared by Statistics New Zealand, who provided the 
following key assumptions as guides to the use of the data:  
 

1) To minimise annual fluctuations, calculations are based on the annual average 
number of live births during the 3-year period 1995–1997. 

2) The data include births where usual residence of the mother was outside 
regional council boundaries or not specified. 

3) Age-specific fertility rates represent a rate per 1000 females, estimated as 
resident population members in each age group at 30 June 1996. Rates for 
women less than 20 years are calculated using the population aged 15–19 
years, and rates for women aged 45 and over are calculated using the 
population aged 45–49. 

4) Births and fertility rates are based on births registered in New Zealand to 
mothers resident in New Zealand by date of registration. 

5) Due to small populations in some regions rates should be interpreted with 
caution. 

6) Individual figures may not sum to stated totals due to rounding. 
 
As noted above, the age-specific fertility rates need to be divided by 1000 to form a 
coefficient that can be used as a multiplier for births in a given age cohort. 
Assumptions 1, 2 and 5 indicate that age-specific fertility rate calculations may be 
influenced by background sampling, population size and data manipulations. For 
these reasons, we only used these data as a starting point for adjusting fertility rate 
coefficients to agree with historic data trends. Statistics New Zealand annual average 
live birth data for the same time period were used as a source of historic data. 
 

5.4.2 Mortality data 
Mortality data were calculated using abridged life tables available from Statistics New 
Zealand for 1996–2001. The central annual death rate was used as a model multiplier. 
No further manipulation of these data was necessary other than their reorganisation 

                                                
47  A base year is the year from which a population model is projected into the future. The base year 

model coefficients connect the future behaviour of the model with the past. 
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into 5-year age cohorts. Once again, these coefficients were only used as a starting 
point for exploring population module behavior that fitted with historic death trends. 
Historic data on registered deaths by regional council were also provided by Statistics 
New Zealand for the time period including 1991–2003, and served as a useful basis 
for building a historic record of death trends by age cohort.  
 

5.4.3 International migration data 
Data on arrivals and departures from the Tasman and Nelson areas due to 
international migration were also supplied by Statistics New Zealand and based on 
travel information details derived from international airport departure cards. Historic 
annual data of this kind are available from 1991 to 2002 as actual counts of arrivals 
and departures by 5-year age cohort. To generate population module coefficients, 
these count data need to be divided by the appropriate population size of the age 
cohort that they represented. The actual count data were used to build a historic 
dataset on international arrivals and departures. There are some assumptions involved 
in the use of these data mainly related to sampling bias caused by incorrect 
information supplied on the airport arrival and departure card (see below). These 
assumptions, once again, do not cause a problem as the coefficients derived from the 
data were only used as a starting point for fitting model behaviour to historic data 
trends.  
 

1) Arrivals to New Zealand provide only a temporary address 
2) Both arrivals and departures are over-stated for the larger cities because 

people tend to use these locations in New Zealand as the nearest location to 
the actual place where they are staying and with which they may not be 
familiar in terms of contact details 

3) There is also some non-response to the address question (mainly arrivals) 
 

5.4.4 Rest of New Zealand migration data 
Data on the arrival and departure of individuals from and to other regions of New 
Zealand were specially prepared by Statistics New Zealand and based on the census 
question “place of residence 5 years ago”. These data are available for each of the 
census years from 1981 until 2001 (1981, 1986, 1991, 1996 and 2001). The datasets 
before 1991 had to be estimated using mesh-block data on former local government 
boundaries supplied by the Nelson and Tasman councils. These data are arranged 
according to 5-year age cohorts and represent counts of individuals who have arrived 
or departed from a given place over the last 5 years (since the last census). To prepare 
such data for use in the population module, we divided each age cohort number by 5 
to provide an average estimate per year for the last 5 years. Second, each age cohort 
number was divided by the total population of the age cohort to convert the yearly 
count value into a population module coefficient (individuals per year).  
 
The migration data for New Zealand are divided into two groups. In the first group, 
referred to as ‘near-area’, we gathered data on inter-regional migration between 
Tasman and Nelson areas. These data were separated to evaluate migration patterns 
between Nelson and Tasman more critically. In this case, one data set is the reverse of 
the other (i.e. departures from Tasman are arrivals for Nelson, etc). All remaining 
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inter-regional migration is lumped into a second group, called ‘RONZ’ - the rest of 
New Zealand’s regions.  
 

5.4.5 Population data 
The last class of data used in the development of our population module was 
population counts by age cohort and sex. These data are available from Statistics New 
Zealand for census years 1981, 1986, 1991, 1996, 2001, and are used for two 
purposes in our population module. First, resident population census counts for the 
year 2001 by age cohort and sex were used as the base year for the population 
module. The base year is the starting point for calculating the size of the population as 
it changes into the future as a result of applied fertility, mortality and migration rates 
of change. We chose to use 2001 data because these gave us access to actual census 
counts rather than the estimates used by Statistics New Zealand in their projection 
series, which are usually over estimates. This is a point worth noting. One reason our 
projection series differs from those of Statistics New Zealand is because we have used 
actual census resident population data rather than an estimate for our base year data. 
The difference in population size between the data we have used and the estimated 
data used by Statistics New Zealand is significant: 1.9% (835 people) in the case of 
the Tasman 2001 data and 3.1% (1335) in the case of the Nelson 2001 population 
data. Because the base year population data provide initial conditions (the start point 
for calculation) in the population module, our projections start growing from an initial 
population size that is considerably smaller than the Statistics New Zealand 
projections. 
 
The second use for the age cohort population data is to build a historic dataset to be 
used for evaluating the extent to which the population model projections follow the 
trends evident in historic data.  
 

5.5 Population module assumptions 
The aim of this report section is to outline the various assumptions associated with the 
local Nelson and Tasman low, medium and high projections outlined in section five 
of this report in a combined format. There are two different classes of assumptions. 
The first relates to the construction of the population module itself and the use of 
population module constants. A second relates to the explanations associated with 
how we think the different drivers of the population will change in the future, e.g., 
fertility, mortality and migration.  
 

5.5.1 Sex ratio 
The sex ratio of a population refers to the relative rate at which males and females are 
added to the population. Our population module projections are based on a sex ratio at 
birth of 105.5 males to 100 females (Hardy 2002). 
 

5.5.2 Age cohort migration constant 
The annual migration of individuals between 5-year age cohorts remains constant, as 
dictated by natural ageing processes (i.e. every year 20% of a 5-year age group move-
up into the next age group). While this constant is typically used in cohort component 
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modelling it is only an approximation. Each 5-year age cohort has an internal age 
class distribution of its own that is not necessarily stable. Should it be stable, 20% of 
this age cohort would migrate to the next 5-year age cohort every year. However, in 
the case of an unstable age class distribution then this constant would be more 
accurately defined as a variable. In the case of an aging population, the age 
distribution within a 5-year age cohort would not be stable. However, for the purposes 
of simulation modelling an age cohort migration constant of 20% is considered to be 
adequate. In attempting to calculate a more accurate short-term population forecast, it 
would be preferable to use 1-year age cohorts so as to avoid this problem.  
 

5.5.3 Calculation of the base population for the model 
The base population of the population module used in this report is based on an actual 
count of the usually resident population which includes all people who usually live in 
an area, at a given date as counted by the census.  
 
An alternative to the usually resident population is the estimated resident population. 
This involves an estimate of all people who usually live in an area at a given date and 
who are counted by the census, including residents who are temporarily overseas (and 
therefore are not included in the census), and an adjustment for residents missed or 
counted more than once by the census (net census undercount). Visitors from overseas 
are excluded. The estimated resident population is usually higher in value than the 
usually resident population because of the adjustments mentioned above. 
 

5.5.4 Building low, medium and high scenarios 
As shown in Figure 1, this modelling project falls naturally into two stages: (i) the 
construction and verification of a population simulation model and (ii) the 
construction and verification of scenarios that produce model population projections. 
It is possible to produce population module projections using this population 
simulation model in at least two ways:  
 

(i) The coefficient method – this first method involves loading fertility, 
mortality and migration coefficients directly into the population module and 
using these as a basis for projecting forth future population growth. The main 
problem associated with this approach concerns the question of which year is 
best used for the collection of fertility, mortality and migration coefficient 
data. If the year chosen turns out to be an atypical year, the projections 
generated from these base year coefficients will to some extent be biased. 
Theoretically, it is difficult to define a typical or average year that can reliably 
be used as a basis for predicting the future.  
 
These assumptions are especially difficult to uphold in a model that has 305 
parameters. In an early stage of developing the population module used in this 
study the coefficient method was used to generate projections based on 2001 
base year data. The projections were all very high, which indicated that 
coefficients drawn from the 2001 base year are probably abnormally high. An 
attempt was then made to correct this problem by building coefficients using 
historic data to generate averages. This approach greatly improved the low, 
medium and high projections when compared with the standard Statistics New 



65 

Zealand population projection series. However, these projections were still 
overly high and this approach did not provide an easy method for adjusting 
these coefficients or indeed any theoretical explanation as to why this should 
even be necessary.  
 
(ii) The time series method – the second method for generating population 
module projections is based on very different assumptions. First, the 
coefficients are still drawn from a base year, but this is only considered to be a 
starting point for adjustments to these coefficients. Second, the coefficients are 
no longer assumed to remain constant during the calculations of the model. 
Each time step has a different set of coefficients, which implies that the 
coefficients change in some manner over time and that there should be an 
explanation for this. This time series method does not require the assumption 
that historic coefficient values are needed to predict future population change.  
 
However, a challenge with the time series method involves the need to explain 
why fertility, mortality and migration rates in the model are changing. One 
way of explaining this type of change is to use demographic theory developed 
from the study of other national or sub-national populations. We have used 
theory to guide future changes in fertility and mortality data. Another way of 
explaining this type of change is to draw on local knowledge, and we have 
done this in developing explanations about how migration rates change in the 
model. This is an important part of the participatory aspect of this modelling 
research.  

 

5.5.5 Nationally constrained 
The Statistics New Zealand low, medium and high population growth projections at 
sub-national scale are constrained by national scale projections. This implies that a 
constraint exists for regional population growth irrespective of whether local 
population drivers agree with this or not. In contrast, the model developed in this 
report is not constrained in the same way. It builds on historic trends as recorded in 
past population data. 
 

5.5.6 The cohort component method 
The 5-year age-sex cohort component method has been used to build the low, medium 
and high projections outlined in this report. This method involves projecting the base 
population (2001) forward by calculating the effect of deaths and migration within 
each age-sex group as specified by mortality and migration assumptions. New births 
are generated by applying fertility rates to the female age cohorts of childbearing age. 
 

5.5.7 Dealing with the question of uncertainty 
Demographic projections are suitable for short-term and long-term planning, but are 
not designed to be exact forecasts. Population projections are based on assumptions 
made about future fertility, mortality, net migration, inter-ethnic mobility, living 
arrangement type and labour force participation patterns of the population that are not 
possible to predict with complete accuracy over the longer-term. Although the 
assumptions used in this report and detailed below are carefully formulated to 
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represent what we currently understand about future trends, they are subject to 
uncertainty. Therefore, the low, medium and high projections included in this report 
should be considered as guidelines (Appendix I) and an indicative of overall trends, 
rather than as exact forecasts. Finally, these projections do not take into account 
disturbance factors such as war, natural disasters, or major shifts in government and 
or business policy, which may invalidate these projections. To obtain the greatest 
benefit from the projections included in this report, regular monitoring and revisions 
that reflect new trends should be applied. This ongoing process of revision will 
improve local understanding of the character and timing of population drivers and the 
predictive power of the model’s assumptions.  
 

5.5.8 Fertility assumptions 
The fertility rates are calibrated to total registered birth data trends from 1996 to 2001 
and change consistent with the Statistics New Zealand long-term estimates of decline 
in fertility as follows: (i) the low fertility projection assumes that all age-sex fertility 
rates decrease at a rate of decline of ca 0.32% per year; (ii) the medium fertility 
projection assumes that fertility rates of women aged below the 30–34 years age 
cohort will decline slowly,48 while rates for women above the 30–34 years age cohort 
will increase slightly; (iii) the high fertility projection assumes that fertility rates will 
drop for women aged under 25–29 years age cohort and increase for women at and 
above the 25–29 years age cohort.  
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Figure 11 Historic registered birth data for Nelson Tasman regional population. 
 
The historic birth data for Nelson Tasman region (Figure 11) suggest fertility rates 
have gradually increased since 1996. We use the 2001 data point as the basis for 
projecting fertility rates into the future as described above. Low, medium and high 
births projections are shown in Figure 12 together with the historic registered death 
data from 1996 to 2001 shown in Figure 13. The data for this birth and death 
projection are recorded in Appendix Table A2.  
 

                                                
48  This difference reflects a slowing in child bearing for women under 32 years and located in the  

30–34 years age cohort. 
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5.5.9 Mortality assumptions 
Mortality rates are calibrated to total registered deaths in the base data year (2001) 
and assumed to change consistent with the Statistics New Zealand long-term 
estimates of decline in mortality as follows: (i) male mortality rates are assumed to 
decrease by about 1.17, 0.936 and 0.638 percent per year for the low, medium and 
high mortality projections, while female mortality rates are assumed to decrease by 
about 1.08, 0.85 and 0.59 percent for the low, medium and high mortality projections.  
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Figure 12 Low, medium and high births projection for the Nelson Tasman regional 
population. 
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Figure 13  Low, medium and high death projection for the Nelson Tasman regional 
population. 
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Figure 14 Historic registered deaths for the Nelson Tasman regional population. 
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The low, medium and high mortality projections for Nelson Tasman region are shown 
in Figure 13 and include historic data from 1996 to 2001 inclusive. The mortality data 
for the projections shown in Figure 13 are recorded in Appendix Table A2. The 
current version of the population module makes no attempt to account for within year 
mortality among the annual flow of in-migrants from abroad and other regions. 
Historic death data for Nelson Tasman region are shown in Figure 14. With the 
exception of 1998-2000, the total number of deaths gives evidence of an overall 
decreasing trend that is consistent with the Statistics New Zealand longer term 
assumptions on declining mortality rates documented above.  
 

5.5.10 International migration 
Developing an explanation for likely future changes in migration is a challenge. The 
main reason for this is evident in Figure 15, which shows that net international 
migration has the capacity to shift back and forth between net arrivals (1991–1998) 
and net departures (1998–2000). This fluctuation is caused by alternating dominance 
in international arrivals and departures. In projecting trends of this kind out into the 
future it is difficult to know with any real certainty when the timing of such future 
shifts in dominance will be. However, this is not as important as maintaining the 
historic trend of net international migration out into the future and this has been the 
main aim of our attempts to extrapolate this historic data. 
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Figure 15  Historic changes in international migration. 
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Figure 16  Net international migration for the low, medium and high model projections 
including historic data from 1991 to 2001. 
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An average net migration figure for the historic period (1991–1997) is 397 net arrivals 
per year. We assume that net migration will remain at, below and slightly above this 
figure for medium, low and high projection series. Our low, medium and high 
projections for average net international migration are: 145, 171 and 220 respectively 
(Figure 16). Data for these projections are contained in Appendix Table A3. We felt 
these future projections of net international migration were conservative and reflected 
uncertainly in knowing why and when shifts in dominance between net in-migration 
and net out-migration. Further research is needed in this area; however, evaluation of 
the age structure of people departing internationally from Tasman (2001) shows that 
departure numbers are highest between the 20–30 year age groupings. This probably 
indicates drivers such as employment and lifestyle opportunities as well as the 
traditional OE for young New Zealanders.  
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Figure 17  Historic changes in near-area migration. 
 

5.5.11 Near-area migration 
The shifting dominance between net arrivals and departures mentioned in the previous 
sub-section in regard to international migration data is also evident in migration back 
and forth between Tasman and Nelson areas (Figure 17). We refer to this as “near” 
area migration. Therefore, once again our focus in projecting this historic near-area 
migration trend forward into the future is on net migration rather than the specific 
components of net near-area migration (arrivals and departures).  
 
An average net near-area migration figure for this period of historic data (1981–2001) 
is at equilibrium, as we would expect because departures from one region are arrivals 
in the other. Data for these projections are contained in Appendix Table A4. 
Movement between Nelson and Tasman could be driven by rising fuel costs that tip 
the balance between lifestyle choices in Tasman and lower traveling costs associated 
with closer proximity to social facilities in Nelson city. Further research is needed in 
this area however evaluation of the age structure of Tasman and Nelson near-area 
migrants (2001) shows that departure numbers are highest between the 20–35 year 
age groupings. This could indicate drivers such as employment and housing/lifestyle 
options for younger families. Changes in net arrival and departures between Nelson 
and Tasman are shown in Figure 18. 
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Figure 18  The components of net near-area migration for the low, medium and high model 
projections including historic data from 1981to 2001. 
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Figure 19  Historic changes in rest of New Zealand migration. 
 

5.5.12 Rest of New Zealand (RONZ) migration 
An interesting feature of the historic rest of New Zealand data is that in addition to the 
types of fluctuations evident in near-area and international migration data, net RONZ 
migration data have remained mostly positive (net arrivals) over the last 20 years 
(1981–2001). Furthermore, the net in-migration trend has been increasing (Figure 19). 
Our low, medium and high projections for RONZ net migration start in 2001 at 1882, 
and change over the 25-year period of the projections to 1128, 1952 and 2921 
respectively (Figure 19). Data for these projections are contained in Appendix Table 
A5. As it has done historically, we assume that net RONZ migration will remain 
positive and slightly increase beyond 2001 levels for the medium and high 
projections. Further research is needed to better understand the current drivers of this 
net in-migration. However, evaluation of the age structure of people arriving in the 
Nelson Tasman region (2001) shows that arrival numbers are generally high between 
the 0–60 year age groupings, with a peak in the 25–40 year age grouping. The 60–85 
plus age grouping has the lowest of all arrival numbers. This would seem to suggest 
Tasman is especially attractive to people in the early- to mid-career stage of their 
lives. However, there are also a significance number of people in these same early- to 
mid-career age groupings leaving Tasman (Figure 19). The net RONZ migration 
figure just happens to be positive at this stage (Figure 20).  
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Figure 20  Net rest of New Zealand migration for the low, medium and high model 
projections including historic data from 1981to 2001. 

 

5.5.13 Summary 
In this section of the report we have attempted to outline the key assumptions 
associated with the structure of our population module and the development of low, 
medium and high projections. Future changes in fertility and mortality rates have been 
closely linked to assumptions developed by Statistics New Zealand. Future changes in 
migration data have been developed based on historic data trends and our 
understanding of likely future changes. As is evident from the evaluation of the data 
presented in this report section, more research is needed to better understand the 
nature of migration drivers. Therefore, we have sought to build conservative low, 
medium and high projections. The development of improved datasets in the future and 
further research should help to build greater understanding about the drivers of 
population change. In the meantime, the assumptions recorded in this report constitute 
a starting point for the investigation of population and age structure change. 
 

5.6 Coupling the population module to the dynamic GPI accounting model  
In this report section so far we have concentrated on the internal design of the 
population module. However, it is important to note that this was the very first 
module that was constructed and is coupled to many other parts of the dynamic GPI 
accounting model. In seeking to understand how the spatially specific economy 
environment modules work, it is also important that we explain how the various 
components of the model (entire) are coupled together. The demographic module is 
coupled mathematically to five other module components of the fully functional 
dynamic GPI accounting model. First, the population module supplies age and sex 
specific data to one of the drivers of the production end of the economy module, i.e. 
Sector 4, education services. This coupling is the one exception to the design of the 
economic driver module, which is otherwise based entirely on soft variables. This 
coupling provides age specific data to assist in calculating demand in the education 
sector based on local demographics of school aged children.  
 
The population module is also coupled to the final demand end of the economy and 
provides growth projections that are used to determine the local estimated 
consumption of the goods and services produced within the relevant spatial boundary 
of each economy environment module.  
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Figure 21  The coupling of the population module to other module components of the 
dynamic GPI accounting model. 

 
Second, the population module also provides age-specific data to two different 
compartments of the labour market module. Age-specific data are used to calculate 
transition probabilities (i.e. statistics) that determine the likelihood of individuals 
moving between the three parts of the labour market (i.e. employed, unemployed and 
not in the labour force). However, it is also important to note that these three parts of 
the labour market are designed around component cohort, age specific data. Every 5-
year age cohort of the labour market is directly coupled to all the demographic drivers 
of the population module, births and deaths, migration and population ageing. This 
coupling is complex, but adds a great deal of realism to the functioning of the labour 
market in the dynamic GPI accounting model. With this coupling, the population of 
the 3 parts of the labour market is able to experience labour transition and all of the 
effects of population change mentioned above. 
 
Finally, age-specific data from the population module is used in the calculation of 
various aspects of the GPI accounts. Having real-time local population growth 
estimates by age cohort and sex means that it has been possible to project our GPI 
accounts into the future based on what the model tells us about local demand and 
economic growth.  
 
For the meantime it is important to conceptually acknowledge these various couplings 
of the population module to other parts of the dynamic GPI accounting model. Later 
in this report we will re-visit each of these couplings in association with a more 
detailed technical description of each of these modules.  
 

5.7 Recommendations for further research and development  
From the development of this population module and its initial use in preparing the 
population projections contained in this report, it is possible to provide some 
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indication of where future research and development might focus to improve the 
model and its usefulness for the local community. 
 

(i) User interface – until now, the focus of attention in developing this 
population module has been on refining the model structure and using it to 
produce an initial series of population projections. The modelling software 
provides scope to improve the existing user interface to make it more 
accessible to non-technical or scientific users. This would also include 
refinements to the ways in which data are managed within the model. 
 
(ii) Gaming mode – the aim of this report has been to produce a series of 
population projections that are unmanaged in terms of policy interventions. It 
is also possible to run the population module in a “gaming-mode” that allows 
stakeholders to intervene at any time step in the population module to 
introduce new policy responses that change the assumptions of the population 
module “on-the-fly”. Further research efforts could focus on the benefits of 
adapting a feature of this kind to existing community, business and planning 
needs. 
 
(iii) Migration – while we have been able to access existing Statistics New 
Zealand migration data, it is evident our present understanding of the drivers 
of international and national migration patterns is very limited. Further 
research is needed in this area and some thought must also be given to how 
existing council and business data gathering processes could be adapted to 
gather ongoing data about migration. 
 
(iv) Age structure – it is possible to use the population module to generate 
information about population age structure for any of the drivers of local 
population change. Further analysis can be carried out in this area as required. 
Further research is also needed to improve our current understanding of the 
sub-replacement fertility and ageing population trends currently evident. Much 
more work could be done to improve current data sources and our 
understanding of how interlinked these issues are with migration patterns and 
differing fertility assumptions.  
 
(v) Further population module refinements – there are a number of 
refinements that could still be made to the population module structure: (i) 
accounting for within year mortality among the annual flow of in-migrants 
from abroad and other regions; (ii) accounting for non-stable age class 
distributions within the 5-year age cohorts; (iii) utilising new data produced as 
a result of the 2006 census, as well as that generated in the intervening years 
(2001–2006). As the datasets from this initial collaborative modelling trail are 
evaluated by a wider community of stakeholders, it is quite possible that this 
will also generate a demand for further refinements to the population module 
to answer emerging questions. In the next section of this report we now turn to 
the consideration of the economy environment module of our dynamic GPI 
accounting model. 
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6. Economy environment module 
The aim of this report section is to describe and explain how the economy 
environment module of our dynamic GPI accounting model works. The development 
of an economy environment module for our dynamic GPI accounting model reflects 
priorities that follow from our research and teaching efforts in ecological economics. 
Most future-oriented economic modelling work in New Zealand is undertaken at 
national scale using computable general equilibrium models (CGEs). These models 
have come to be recognised as a standard and reliable accounting entity in exploring 
economic futures. However, development of economic models in isolation from 
model building work designed to understand the ecological sustainability and social 
wellbeing implications of our current economic growth trajectories is unhelpful. New 
Zealand is currently not doing the measuring and modelling work needed to 
understand the ecological and social implications of economic growth at catchment, 
regional or national scale. In the development of an economy environment module for 
our dynamic GPI accounting model we have tried to strike a better balance between 
the need for economic (model) credibility and more effective mathematical 
integration of natural and social capitals.  
 

6.1 An introductory description of our economy environment module 
What we here refer to as the ‘economy environment module’ (singular) is actually 
composed of many parts that we refer to in the remainder of this report section as sub-
modules. The various parts of the economy environment module are listed in Table 2 
below with a simple description of the role played by each component part. It is also 
important to reiterate that our dynamic GPI accounting model is composed of 3 
spatially specific economy environment modules. While the model structure of these 
spatially specific economy environment modules is identical, the data used to 
populate each module is geographically distinct. Therefore, while focusing on model 
design we refer to the architecture of our economy environment module in the 
singular as an integrated collection of sub-modules (Table 2). 
 

Table 2  The sub-modules associated with the economy environment module of our 
dynamic GPI accounting model. 

Item Description of sub-module Role 
1 Input variable calculator Calculate input variables 
2 Economic sectors calculator Economic IO table 
3 Economic accounts balance Accounting checkpoint 
4 Balance of trade calculator Estimate balance of trade 
5 GDP calculator Calculate regional and catchment GDP 

 
The remainder of this report section is organised around two natural parts. First, we 
mathematically explain how the various sub-modules work and are coupled together. 
Second, we focus attention on how this economy environment module was developed 
and this includes consideration of underpinning assumptions. 
 

6.2 A mathematical description 
In this sub-section we describe mathematically the economy environment modules of 
our dynamic GPI accounting model. Below we describe our economy environment 
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module using matrix notation. It is important to note that while matrix algebra 
provides a helpful theoretical basis for describing our model, this theory has had to be 
translated into a ‘stocks and flows metaphor’ within the confines of the Vensim 
software. In this first sub-section we deal with the general case of describing our 
economy environment module using matrix algebra. In a subsequent sub-section we 
attempt to explain the translation process into stocks and flows model metaphor as 
used within Vensim. 
 
Theoretically, our economy environment module is very similar to (i) economic 
input-output tables used in quantitative economic modelling (Kurz & Salvadori 1998; 
Leontief 1941), (ii) Leslie matrices used in modelling ecological systems (Leslie 
1945; Leslie & Gower 1958, 1960), and (iii) transition matrices used in statistical 
modelling (Bowman et al. 2001). These various model building approaches can be 
used to help describe our economy environment module that is based on a standard 
economic Input Output Table matrix that is projected into the future via a transition 
matrix (i.e. an economic sector driver module).  
 

6.2.1 Economic sector calculator sub-module (Item 2, Table 2). 
What is common to all the modelling paradigms mentioned above is the use of matrix 
algebra to define a state matrix [S] at some initial time (t=1) along with a vector [v]52; 
whose elements define the likelihood of change in the row and column elements of 
the state matrix. The product of multiplying the state matrix [S] at time (t=1) by the 
transition vector [v] is a new state matrix at time (t=t+1). If we now replace the 
‘constant’ elements of the transition vector [v] with ‘variables’ so that it can be 
defined by the transition matrix [T], then the product of recursive equation (1) is a 
simple dynamical system, the behaviour of which is defined by the state matrix [S] 
over the time interval (t=1:n): 
 
S(t+1) = St *T           (1) 
 
where 
 
S is a determined, economic input-output matrix of dimensions 48 × 56 
T is an economic driver matrix of dimensions 25 × 56 
t is system time over the interval t=1:25 
 
In very simple terms, our economic Input Output module can be defined by the terms 
and notation shown in equation 1 with a couple of small modifications. First, let us 
now define a state vector [G] with elements of dimensions 48 × 1 that represent the 
gross input of the sum of the values of each ith row of the state matrix [S] at time t=1 
(equation 1). Hence our new state matrix (i.e. the Input Output Table) may now be 
defined by the mathematical notation [G.S].  
 
If we were to subtract the sum of the ith values of the state matrix [S] from its 
corresponding element in the gross input vector [Gij] then the product of this 
operation would be zero at t=1. This operation assumes that the first row of elements 

                                                
52  Of the same dimensionality as the state matrix. 
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of the transition matrix [T] is 1 in value. In other words, at time t=1, equation (2) is at 
equilibrium so that economic inputs = economic outputs.  
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where 
 
S is a determined, economic input-output matrix of dimensions 48 × 56 
G is a gross input vector of dimensions 48 × 1 
T is an economic driver matrix of dimensions 25 × 56 
t is system time over the interval t=1 
 
During the time interval t=2:25 the product of equation (2) ≠ 0, subject to the 
condition that the elements (i=2:25) of the driver matrix [T] ≠ 1.  
 

6.2.2 Accounting checkpoint sub-module (Item 3, Table 2) 
Equation (2) defines the accounting checkpoint associated with the economic 
accounts balance sub-module defined as item 3 of Table 2. Because all the economic 
Input Output data used in the economy environment module are imported into the 
Vensim workspace from an exogenous Microsoft excel spreadsheet, this accounting 
entity provides a useful test at time step (t=1) of the integrity of our input data. The 
economic accounts balance sub-module is designed in such a way that equation (2) is 
implemented for each individual sector of the economy so that at time step 1 of the 
economy environment module, the product of subtracting the gross input of a given 
sector from the sum of all of its transactions across the production and final demand 
end of the economy (or Input Output table) should be zero. This value of zero 
indicates that the structure of our economy environment module is mathematically 
sound (i.e. total Inputs = total Outputs).  
 
For time steps t=2:25 the sectoral economic accounts balance checkpoints will not 
equal zero unless the operator of the model makes appropriate changes to the export 
and/or imports values of the economy environment module to compensate for any 
imbalance in the IO table caused by economic growth as defined by the transition 
matrix [Tij].  
 

6.2.3 Input variable calculator sub-module (Item 1, Table 2) 
It is important to understand that the gross input vector [G] is itself not a constant. 
The values of the vector [G] need to be calculated by multiplying the transition matrix 
[Tij] (element by element) by the gross input vector [G] for each subsequent time step 
of the model (equation 3).  
 

€ 

G(t=n ) =G(t=n ) *Tij( t=n )          (3) 
 
Our Input Output Table for the base year of the economy environment module (2001) 
provides a set of gross input values that perfectly balances the Input Output Table to 0 
across the rows of the table as defined by equation (2), (i.e. Inputs = Outputs). At time 
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step n, in the economy environment module, the various elements of the state matrix 
[S] are multiplied by the elements of the transition matrix [T] and this effectively 
unbalances our initial IO table data structure. To help re-balance the IO table without 
the additional assistance of changes to export or import values it is necessary to 
multiply gross input vector [Gij] row and column elements by corresponding sector 
driver elements [Tij] (equation 3). This operation has the net effect of proportionately 
scaling the gross input vector with corresponding proportional increases in our state 
matrix. Because we are only applying proportional growth rates (i.e. percentages) to 
the state matrix and gross input vector it is not possible to expect that the economic 
system we are projecting into the futures will maintain equilibrium as defined by 
equation 2.  
 
In economic terms this means that the local economy described by our economy 
environment module (item 2, Table 2) may not locally consume all that is produced as 
a result of economic growth within a given year. It would be possible to rebalance the 
state matrix [G.S] by making changes to the export and or import sectors. This of 
course would assume that we understand what is likely to happen in terms of export 
market changes over the term of the model. Of course, if a local economy grows and 
produces more, it does not necessarily follow that these growth-led sectors of the 
economy will be successful in selling (on non-local markets) all that they have 
produced. This is actually a very important point for a couple of reasons. 
 
Some economic sectors in the Nelson Tasman region (Nelson EDA, 2005) have 
struggled with this problem (i.e. the pip-fruit sector). It is important to raise this point 
because in real-world terms a failure on the part of the pip-fruit sector to market and 
sell (internationally) fruit surplus is generally a consequence of highly competitive 
international markets. Our model is not able to capture market realism of this kind and 
this limitation has an effect on our economic growth projections. The main point here 
is that economic growth in a local economy is coupled to the fortunes of the export 
sector. If we are unable to sell our products and services because of highly 
competitive international markets, this will result in a loss of revenue to the local 
economy with a corresponding detrimental multiplier effect on all sectors of the 
economy. Our model is not able to mathematically calculate feedbacks of this kind 
that will tend to dampen productive growth from the demand end of the economy.  
 
This feedback limitation of our model could only be overcome mathematically by the 
design of an economy environment module that maintained the integrity of the state 
matrix so that it could be mathematically inverted to generate individual sector 
multipliers. Unfortunately, this is not possible with the stocks and flow modelling 
framework offered to us, as model builders within the Vensim software environment. 
The Vensim software has no provision for the inclusion or mathematical manipulation 
of matrices. Therefore, the inability to calculate the influence of export market change 
on the economy must remain as an important limitation of the economy environment 
module of our model.  
 
The input variable calculator module makes an adjustment to the elements of the 
gross input vector [G] for each time step of the model. Given the goals of our 
dynamic GPI accounting model, we accept that a lack of feedback in our economic 
growth model resulting from changes in the export market is an important limitation 
of this module.  
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6.2.4 The balance of trade calculator sub-module (item 4, Table 2) 
The balance of trade (or net exports53) is the difference between the monetary value of 
exports and imports in an economy over a certain period. Balance of trade 
calculations provide vital information about the relationship between a nation's 
imports and exports. For example, a positive or favourable balance of trade is known 
as a ‘trade surplus’ if it consists of exporting more than is imported; a negative or 
unfavorable balance of trade is referred to as a ‘trade deficit’. The balance of trade is 
sometimes divided into a goods and a services balance although we have not done this 
within our current economy environment module.  
 
The ability to calculate an estimate of annual balance of trade in our model is made 
possible by the inclusion of imports and exports vectors within the structural 
organisation of the input output table used in our model. Row vectors for inter-
regional imports and international imports are located in the economic summary 
matrix [E] of Figure 22. Column vectors for international and inter-regional exports 
are located in columns 7 and 8 of the final demand matrix [S] of Figure 21. Vector 
notation used in describing these import and export vectors is listed in Table 3. 
 

Table 3  Notation used in describing imports and exports vectors. 
Item Vector description Dimension Notation 

1 Interregional imports vector 1 x 48 [h] 
2 International imports vector 1 x 48 [i] 
3 Interregional exports vector 48 x 1 [j] 
4 International exports vector 48 x 1 [k] 

 
Using the vector notation shown in Table 3 it is now possible to define, in 
mathematical terms, the calculation of our balance of trade estimate (equation 4). The 
general form of this equation is as follows: balance of trade = [total exports – total 
imports]. This relationship can be expressed mathematically using matrix notation as 
follows. 
 

€ 

B = jij + kij( )∑ − hij + iij( )∑  
 
where 
 
B is a single dimensional balance of trade estimate ($) 
Jij is the interregional exports vector ($) 
kij is the international exports vector ($) 
hij is the interregional imports vector ($)  
kij is the international imports vector ($) 
 
The estimation of a balance of trade raises an interesting question that was hinted at in 
the previous sub-section. How do we predict future commodity market demand and 
the percentage growth influence this will have on the imports and exports vectors in 
our model? We have dealt with this problem as follows. First, the sector-by-sector 
elements of the imports vector change value from one time step to the next by being 
multiplied by the sector transition matrix [T]. Second, the value of each element 

                                                
53  Sometimes symbolised as NX. 
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within an exports vector is also determined by multiplication with the sector transition 
matrix [T]. In choosing to change the values of the imports and exports modules in 
this manner we have assumed that the fate of our export market is determined by the 
production end of the local economy (for better or worse). For example, our model 
does not allow the possibility of export-led growth from an economic recession.  
 
The proportional split of import and export totals by individual sector remains 
anchored to the 2001 Input Output Table figures that define the structure of our model 
economy in the base year of the dynamic GPI accounting model. In the very first time 
step of our economy environment module (where t=1), the balance of trade estimate 
is determined by the initial values in our 2001 Input Output table because the value of 
[T] at this initial time step is also 1. Every time step after the base year of the model 
(i.e. 2001), the balance of trade estimate shows a directional tendency (when graphed) 
away from the initial estimate of time step 1. It is this tendency that shows movement 
towards the increased trade surplus or trade deficit we are seeking to calculate. The 
economy environment module’s underpinning assumptions outlined above do not 
allow precise determination of the rate of change of balance of trade. This sub-module 
is a near approximation of a much more complex real world system. However, it is 
adequate to help us determine where the balance of trade history of our model system 
begins (i.e. in surplus or deficit) and where the directional tendency of balance of 
trade lies – all other things being equal. 
 

6.2.5 GRP/GCP calculator (Item 5, Table 2) 
The last sub-module of our economy environment module is responsible for the 
calculation of catchment and regional GDP. It is possible to calculate an estimate of 
change in GDP because the determinants of the GDP are present in our state matrix as 
row vectors. These row vectors are located in the economic summary matrix [E] of 
figure 22. The vector notation used in describing component GDP vectors is listed in 
Table 4. 
 

Table 4  Notation used in describing vectors associated with the calculation of GDP and 
GCP. 

Item Vector description Dimension Notation 
1 Compensation of employees 1 × 48 [l] 
2 Operating surplus 1 × 48 [m] 
3 Consumption of fixed capital 1 × 48 [n] 
4 Other taxes on production 1 × 48 [o] 
5 Subsides 1 × 48 [p] 
6 Taxes on products 1 × 48 [q] 
7 Interregional imports 1 × 48 [r] 
8 International imports 1 × 48 [u] 

 
Using the vector notation shown in Table 4 it is now possible define in mathematical 
terms the calculation of regional or catchment GDP (equation 5). The general form of 
this equation is as follows: GDP = [(compensation of employees + operating surplus 
+ consumption of fixed capital + other taxes on production + subsides + taxes on 
products) – (Total imports)]. This relationship can be expressed mathematically using 
matrix notation as follows. 
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GRP = lij +mij + nij + oij + pij + qij( ) − rij + uij( )∑∑      (5) 
 
Where 
 
lij  is compensation of employees ($) 
Mij  is operating surplus ($) 
Nij  is consumption of fixed capital ($) 
Oij  is other taxes on production ($) 
Pij  is subsides ($) 
Qij  is taxes on products ($) 
Rij  is interregional imports ($) 
Uij  is international imports ($) 
 
The estimation of GDP shown in equation 5 is a production GDP determined from the 
transaction matrix of the 2001 Input Output Table. As a part of our GPI accounts we 
also seek to estimate a consumption GDP. The reason for this procedure is because a 
GDP only indirectly measures wellbeing from the production end of the economy. By 
contrast, a consumption GDP measures the consumption of goods and services 
directly responsible for improving human well-being. When we speak of ‘economic 
growth’ this term has meaning in both the production and consumption ends of the 
economy and clearly these two different indicators are interrelated (i.e. growth in 
consumption creates demand for the production of goods and services). Consumption 
GDP is therefore a measurement of total consumption expenditure in areas that 
directly benefit human wellbeing.  
 
As derived from our Input Output Table we are able to estimate a consumption GDP 
by adding together the sum of all transactions for goods and services associated with 
household, central government, local government and non-profit institutions serving 
households. The reason we use a GPI accounting system to make adjustments to a 
consumption GDP is because quantitative growth in the above final demand 
categories, as a measure of growth in human well-being, is based on a number of 
questionable assumptions.  
 
For example, it is assumed (i) that human well-being is achieved primarily by market 
transactions, (ii) that the flows of benefits associated with consumption activities are 
totally consumed within the year of purchase, and (iii) that all consumption 
expenditures are good for human well-being and that (iv) human well-being (total) 
can be adequately measured by market transactions. Actually, assumptions of this 
kind are over simplifications of a much more complex reality. We return to a more 
detailed consideration of this matter later in this report. For the meantime, it is enough 
to know that the GDP calculator module is used to estimate both a production and 
consumption GDP.  
 

6.2.6 Organisation of our economy environment module data 
Earlier, we defined our economic state matrix [S] as being of dimensions 48 rows by 
56 columns. These dimensions are only relevant to describe the transaction and final 
demand matrices that collectively constitute the main dataset used in our economic 
sectors calculator sub-module (Item 2, Table 2). The state matrix employed in our 
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economy environment module is actually more complicated than the general solution 
method description provided in equation (1). However, the additional complexity 
associated with our full state matrix is fully consistent with the solution method 
already defined. For this reason, it is helpful now to provide more detail on the 
organisation of our economy environment module data. The easiest way to define the 
full state matrix is to break it down into smaller components and deal with these one 
by one. We do not attempt to provide detail here on the Input Output Table from 
which these two matrices were derived except to say that the Input Output Table was 
created for us under subcontract to Market Economics Ltd in Auckland and that a 
more detailed explanation of our use of this data is outlined in a separate research 
report (Cole & Patterson 2003). Now we consider the parts of the state matrix 
generally defined in Figure 22. 
 
First, the Input Output transaction matrix [S] itself is 48 rows by 48 columns and 
represents a numerical description of each one of our spatially specific local 
economies constructed by using a 48-sector ANZSIC system of industry 
classification. This matrix numerically describes industry-by-industry transactions in 
dollar terms for the economy on which this model is based, for the year 2001. 
 

Table 5  Notation used in describing vectors associated with the calculation of GDP and 
GCP. 

Item Final demand consumption categories 
1 Household 
2 Non-profit institutions serving households 
3 Local government 
4 Central government 
5 Fixed capital formation 
6 Change in inventories 
7 International exports 
8 Interregional exports 

 
The final demand end of the state matrix [S] is composed of 48 rows by 8 columns. 
While goods and services are produced in the industry transaction end of this state 
matrix [S], they are locally consumed or exported from this final demand end of our 
economic Input Output model. Transactions in this part of the Input Output Table are 
also measured in dollar terms and occur between industry and consumers as defined 
in Table 5. By adding the columns of the transaction matrix (48) to the columns of the 
final demand matrix (8), the product is 56. Hence the total size of what we have 
earlier referred to as the transaction matrix [S] is 48 rows by 56 columns. 
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Figure 22  The general layout of our economy environment module state matrix, sector and 
demographic transition matrices. 

 
The primary inputs matrix [E] is 7 rows by 48 columns. This matrix contains the 
primary inputs, in monetary terms, to productive activities in the transaction matrix 
above it, as illustrated in Figure 22. All eight primary inputs have already been 
defined in Table 4 above and include all the individual determinants of our GDP 
calculations and local economic imports.  
 
The biophysical flows and energy matrix [B] is 108 rows by 48 columns (or economic 
sectors). While the primary inputs matrix only contains inputs to economic production 
measured in monetary terms, this matrix [B] contains biophysical and energy inputs to 
and outputs from individual sector production activities. The organisation of what is 
effectively a biophysical Input Output Table (Cumberland 1966), (shown in Figure 
22) aligns energy and biophysical data in such a way that it is possible to evaluate an 
individual sector’s monetary contribution to regional or catchment GDP in terms of 
environmental externalities (i.e. natural resource use, energy use, along with the 
production of physical and atmospheric pollutants). Greater detail on the collection, 
processing and evaluation of these data may be found in reports that detail our first 
attempts to create ecological economic accounts for the Nelson Tasman regions (Cole 
& Patterson 2003) and a more recent model data compendium for the Motueka 
catchment module (Cole & Patterson 2007).  
 
Finally, external to our state matrix in Figure 22 are the sector and demographic 
transition matrices. The size of the sector transition matrix is 25 rows (or model time 
steps) by 48 columns (or economic sectors). The size of the demographic transition 
matrix is likewise 25 rows (or model time steps) by 8 columns (or final demand 
sectors). These two driver matrices carry totally different names because they use 
different data sources as a basis for promoting change in production and final demand 
activities.  
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First, final demand is fundamentally a product (either directly or indirectly) of human 
population growth or decline. Local growth in the human population implies the need 
for the production of more goods and services. There is another aspect of total 
population change that can also be used to guide demand for economic goods and 
services. Change in the age structure of a population can also have a dramatic impact 
on economic activity. For example, an aging population needs access to services (i.e. 
rest homes, healthcare) and goods (recreational activities, investment portfolios, etc.) 
that are very different to those needed by a young population. In our economy 
environment module, we have used total population change as a direct, percentage 
driver of final demand. For example, a 10% increase in local population generates a 
corresponding 10% increase in final demand consumption.  
 
Just what 10% growth in final demand translates to in terms of the purchase and 
consumption of goods and services is determined by the 2001 final demand data in 
our base year Input Output Table. This 2001 consumption pattern obviously reflects 
the population age structure of 2001. Our current model does not attempt to change 
the final demand consumption mix from the initial 2001 data as a consequence of 
changing population age structure. While this assumption will be fine over short-term 
runs of the model (10–15 years), the further out the model is pushed in terms of time, 
the less valid these assumptions will become. This is because we already know (from 
our population modules) that both the Nelson and Tasman regions have ageing 
populations. This is a relatively important point for the use of our dynamic GPI 
accounting model because the determination of consumption GDP is based on these 
final demand data and how these data change with time. Once again, our model is a 
close approximation of a much more complex reality. In an almost total absence of 
alternative sources of GPI data and analysis, a model of this kind is a useful starting 
point for investigation. 
 
Second, economic sector growth in our model has been determined by local expert 
knowledge on what is considered to be intermediate and long-term percentage growth 
estimates. As noted earlier, we initially tried to model economic growth behaviour 
explicitly using a cross-impact matrix/systems modelling approach. However, in 
practice we found that without exception, local practitioners in this area referred to 
sector growth in percentage terms. We felt it was important to adopt the language and 
worldview of local stakeholders in this respect. Therefore, our economic transition 
matrix contains estimates of likely percentage growth for individual economic sectors. 
These data were derived from a REDs review by a local economic consultant of the 
Nelson Tasman regional economic development strategy (Cook 2007a,b). As part of 
the process of reviewing this important strategic document, Cook (2007) ran an 
extensive process of workshops with local community groups and sector leaders. For 
this reason, we feel these growth estimates are a reasonable place to start exploring 
economic futures for these two regions and the Motueka catchment.  
 
As mentioned earlier it is not essential to have precise estimates of economic growth 
by sector or at regional/catchment scale. The further we venture into the future, the 
more uncertain things become, and even our very best estimates need to be bounded 
with upper and lower probability limits. As mentioned earlier, the aim of our 
modeling work is not to produce precise estimates of economic change; it is to better 
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understand the broader ecological, economic and social implications of likely growth 
trajectories. The calculation of a GPI is a good place to start doing this. 
 

6.2.7 Preferred system of industry classification 
All the earlier data collection and modeling work we did until the completion of 
prototype model (version 2) was based on the ANZSIC system of industry 
classification. However, during the construction of model prototype version 3, we 
changed our system of industry classification from that used nationally within the 
ANZSIC concordance to one developed and used locally within the Nelson Tasman 
region. This local system of industry classification was developed by the local 
economic consultant who researched and wrote the current review of the initial 
Nelson Tasman regional economic development strategy (Cook 2007ab).  
 
There were a number of reasons for this change. First, if our dynamic GPI accounting 
model building work was to be relevant to local planning, policy and economic 
development agency work, it needed to align with local systems of classification. 
Second, to benefit from the extensive public consultation undertaken as part of the 
review of the Nelson Tasman REDs, it was also necessary to align our model with the 
system of classification being used in this work. By doing this, it was now possible to 
use data in the REDs review document to run future developmental scenarios for the 
regions by industry sector. Details of this new system of classification can be found 
within the REDs review reports (Cook 2007ab) published by the local Nelson 
Economic Development Agency.  
 

6.3 Model development method 
In the first part of this report section we have concentrated on attempting to define our 
economic model mathematically. We now turn to consider how this module was built 
(i.e. model building method) and its role in the dynamic GPI accounting model. 
 

 

Figure 23  A stepwise flow chart showing the process used in building prototype version 3 of 
our current economy environment module. 
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Figure 23 provides a stepwise outline of the main steps involved in our economy 
environment module development process. Below, we provide a step-by-step 
explanation of how the economy environment module was developed and focus 
especially on difficulties associated with translating our matrix-based numerical 
economy environment module into a Vensim-based, stocks and flows module. 
 
Step 1 (Gather data) – the first step in the development of our economy environment 
model involved the gathering together of all of our model data and organising the 
same into appropriate industry classification. A detailed account of this stage of our 
model development process is contained in a separate data compendium report 
associated with the Motueka catchment economy environment module (Cole & 
Patterson 2007). The collection and processing of biophysical data associated with the 
construction of this model are documented in an earlier project report (Cole & 
Patterson 2003).  
 
As with the collection and organising of our population data, all the economic and 
biophysical data is stored in Mircosoft excel spreadsheet workbooks. Each workbook 
has a metadata worksheet that explains key details related to the origin of the data and 
how it has been processed. Our data concordances were also stored in worksheet 
format.  
 
In preparing the economic, energy and biophysical data for model construction, what 
we aimed to do was organise all the data into the state matrix format shown in Figure 
22. This structuring work was completed within an Excel worksheet. We then cut and 
pasted a duplicate of this matrix into a second worksheet that was used for generating 
unique variable names for each of the row and column intersects in the spreadsheet 
data. 
 
Step 2 (Code data) – generating variable names was a slow and painstaking task that 
had to be done with great care. There are approximately 40 000 variables within the 
economy environment model, multiplied by 25 time steps, and no two variables are 
allowed to have the same name. We created unique names by using the identity of 
row and column intersects as a basis for name creation. For example, the worksheet 
intersect between horticulture and retail could be shortened to: ‘hort_2_rtail’. 
Thankfully, Vensim does not place constraints of any kind on the length of variable 
names within the workspace.  
 
Once unique variable names had been created, it was time to start building the Excel 
worksheet used to load data into the Vensim model during simulation runs. It was 
necessary to use an external load file of this kind for a couple of reasons. First, given 
the number of variables in our economy environment model, it would not be practical 
to attempt to enter these data directly into the Vensim workspace. This would not only 
be a very slow procedure, it would also need to be repeated in the future if the model 
data were ever updated. Second, by cutting and pasting the model variable names and 
data directly into the Excel worksheet there was less risk of translation error 
associated with trying to enter the data in by hand. It is not possible to have any errors 
in the statement of variables names. They have to be 100% correct. Third, once the 
data were organised into a load file by using an Excel worksheet, we were able to cut 
and paste each new variable name from the Excel worksheet into the object being 
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created within the Vensim modeling environment. Once again, this greatly minimised 
the chances of translation error. While using this procedure we would build a small 
part of the model, then load the new Excel file into Vensim and seek to run the model 
to check there were no conflicts reported with variable names. 
 
Step 3 (Building the model) – once both the model data and variables names had 
been created, it was possible to start building the economy environment model. This 
is where we faced the task of translating a mathematical model into a Vensim stocks 
and flows model. We especially wanted to maintain the integrity of the Input Output 
matrix as far as possible to ensure the mathematical solution methods outlined in the 
equations earlier in this report section could be used. We managed to accomplish this 
task by using the following strategies. 
 
First, we decided to build the Vensim model by maintaining the integrity of our state 
matrix at the scale of an individual sector. Under the Nelson EDA system of industry 
classification this meant that we had to create 26 Vensim model worksheet pages. 
Thus, we had one new Vensim worksheet page for each sector of the economy and 
one for each of the 8 final demand categories that we maintained in a disaggregated 
state. On each of these pages we built a Vensim model structure that symbolically 
represented one column of data from our state matrix that in turn represented one 
sector of the economy. 
 
Second, we applied the Vensim stocks and flows metaphor by assuming that every 
row and column intersect in the state matrix (industry-by-industry or biophysical 
flow-by-industry) represented a stock. Each stock has a unique variable name that can 
be assigned to correspond to actual data being loaded into the model via the Excel 
spreadsheet. Using this approach, it was possible to load our matrix data and assign 
these data to a unique stock at time step 1 of the model. Thus, at time step 1, these 
data stocks within the Vensim model (Figure 24) represented our state matrix (2001). 
 

 

Figure 24  One of the worksheet pages within Vensim devoted to the construction of sector 1 
of our model, the aviation cluster. 
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Figure 24 shows a worksheet within the Vensim model devoted to the construction of 
sector 1 of our model economy, the aviation cluster. The three columns of model 
stocks in this picture represent sector 1 for the Nelson, Tasman and Motueka areas. 
Each column is composed of two columns of stocks. The column to the right is the 
stock used to load the state matrix data into the economy environment module. A blue 
arrow pointing to the left of this stock then transfers this initial data point to a second 
stock used for all the calculation purposes within the model. The state of this second 
stock is changed at every new time step of the model by the driver variable located to 
the far left of each column with blue lines pointing rightward to the stocks.  
 
Once we have successfully imported the data from the IO Table into the model and 
assigned it to a stock, we can change and use that stock anyway we like. For example, 
we can use Vensim informational flows (i.e. blue arrow lines) to change the state of 
this stock by connecting it with another process going on in some other part of the 
model. Or we can report the value of a given stock to some other part of the model 
using the same blue informational flows. It is also possible to change the state of a 
stock by removing some of its contents to another stock, for example, in the ageing of 
a population, which requires that members of a given (stock) age cohort move onto 
another cohort. Flexibility of this kind actually raises an interesting observation.  
 
We have been successful in understanding how to use Vensim as a form of ‘super-
spreadsheet’. Based on what we have described above we are able to do anything with 
Vensim that can be done with a standard spreadsheet, with some exceptions. First, 
spreadsheets have some functions that Vensim does not, for example, Matrix 
inversion. Second, Vensim also has features that spreadsheets do not have (i.e. the 
ability to formulate and run coupled systems of finite difference equations). The use 
of Vensim as a spreadsheet tool helps provide some further explanation as to why we 
referred to our dynamic GPI as an accounting model. Unfortunately this application of 
Vensim is not entirely free from problems.  
 
Step 4 (Accounting checkpoint) – Vensim was not designed to be used as a form of 
‘super-spreadsheet’. We discovered this when we got to stage 4 of our economy 
environment module construction process. As shown in equation 2, the product of 
subtracting the sum of each row of data in the transition matrix [T] from its 
corresponding element in the gross input vector [G] should be zero. This is our 
accounting checkpoint test that assures us that: (i) our model structure is free from 
computational error, and (ii) that the model data are being correctly imported. When 
we first tried this test we discovered that most economic sectors of the model had very 
large errors associated with them. We eventually discovered that while the model 
structure and equations were satisfactory, this very large error was being caused by a 
limitation of the Vensim software. 
 
Vensim was designed for use by researchers who were interested in building system 
dynamic models of quite complex ecological – economic – social processes. Our use 
of Vensim is not wrong, theoretically or conceptually. However, because our use of 
this software is not in accordance with what the software was designed to do, it is also 
not completely free from problems. We had great difficulty with the exogenous data 
importing feature of Vensim as it is only capable of importing data in single precision 
mode, which caused the problems with our accounting checkpoint balance. Vensim 
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was rounding data greater than 6 decimal points back to zero (e.g. $6,543,764,123 
was rounded to $6,543,000,000. Clearly, most of our economic data points were 
greater than 1 million dollars. Hence, we had a serious problem. Unfortunately, not 
only does the standard install of Vensim not import or export data in double precision 
mode, it is only capable of handing computations in the model’s own workspace in 
single precision. Thankfully, a double precision install of the software is available. 
However, it does not completely solve both of the above problems. 
 
Discussions with the software designers revealed that ‘normally’ data greater than 6 
digits do not need to be imported into system dynamic models and therefore a double-
precision data import/export feature was not needed in the Vensim software. Quite 
apart from this fact, the entire software platform would need to be redesigned to 
correct this problem. 
 
Thankfully, the software designers had developed an additional version of the Vensim 
software that treats all workspace calculations in double precision.54 However, 
according to the manual, it is not possible to import or export from the Vensim 
modelling environment in double precision. Thankfully, we managed to work around 
both of these problems, although our solution is not ideal. To import data in double 
precision we had to split all numbers greater than 6 digits into 2 parts and then join 
them back together again inside the Vensim workspace. This method made it possible 
to overcome the single precision rounding problem, but with datasets as large as ours 
took hours to implement. We would not use the current double precision or single 
precision version of Vensim for a project of this kind again for this reason.  
 
By accident, we discovered that it was also possible to export data directly from the 
Vensim model workspace in double precision format, although not by using any of 
the standard data export features. We dumped the entire contents of the Vensim 
workspace to a text file after a model run. Because the workspace calculations of the 
model are handled in double precision, workspace data exist in double precision 
format and can be dumped to an external text file. The format of this .txt file is not 
ideal. Variable names are listed in column 1 with data from successive iterations of 
the model listed in adjacent columns. This means that this method dumps the values 
of every single variable in the model into one file. To find the variables you are 
looking for you need to sort data and search in a spreadsheet programme. This 
approach is not ideal but it does work. 
 
After working through the problems described above our economy environment 
module sectors eventually balanced to 0 for time step 1. This assures us that the 
structural, computational and data importing aspects of the economy environment 
module are working correctly.  
 
Step 5 (Soft variable development) – this step concerns the development of the 
transition matrix [T]. As mentioned earlier, we initially tried to design this aspect of 
our economy environment module by using an impact matrix/systems approach. This 
did not work for two reasons. First, the construction of a sub-module of this kind 
assumes that the state of current theory about how our local economic systems work 
                                                
54  This version of the software is referred to as Vensim DP (double precision) and for those who have 

purchased Vensim 5.7 and above this installation alternative is freely available by download from 
the Vensim website. 
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is adequate for translation into a modelling framework of this kind. We discovered 
that this is actually not the case across a range of different spatial scales - locally, 
nationally and internationally - which arguably have the potential to influence the 
local regional or catchment economy. Thus it is not really possible to add realism of 
this kind to a model without also needing to invoke and add numerous assumptions.  
 
This helped us clarify what it was we were trying to achieve with the model. In 
answer to this question, the main focus of our attention must be on better 
understanding the broader range of costs and benefits associated with economic 
growth projections. We actually do not need model realism in order to achieve this 
goal. As noted earlier, we need to have some sense of the likely upper and lower 
limits of feasible local economic behaviour. We can then use these projections as a 
basis for calculating estimates of possible benefits and costs. 
 
A second problem we found with this first approach to building a driver module was 
that practically speaking, our stakeholders struggled to understand it. For them, this 
was very much a black box. We noted earlier that local stakeholders referred to sector 
or whole economy growth in percentage terms. This was easy to understand and when 
we applied, everyone could understand this approach to driving our model. For 
example, if the horticultural sector turned over 350 million dollars in the base year of 
our model (2001) and this sector was expected to grow 5% annually, then the turnover 
of this sector in 2002 had to be $367,500,000.  
 
Translating the idea of percentage sector growth into a Vensim model ‘symbolic 
object’ was achieved with the aid of soft variables used quite extensively by mediated 
model builders. Figure 25 provides an example of a soft variable from the aviation 
cluster sector of our economy environment module.  
 

 

Figure 25  The symbolic layout of aviation sector drivers for the Nelson (RHS) and Motueka 
(LHS) parts of the economy environment module. The open window in the centre 
of the screen photo is a soft variable. 
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A soft variable, as shown in Figure 25, is effectively a graph that defines a 
relationship between input and output variables. In the case of our transition matrix 
[T] system time is one input variable and percentage sector growth is the other. What 
this current soft variable shows is that between time step 1 (2001) and time step 26 
(2025) this soft variable currently reports a growth variable of 2%. By grabbing hold 
of the blue line in the graph that is currently constant at 2%, it is possible to move this 
blue line up or down, thus changing the percentage value of this soft variable reported 
for each time step of the model. The soft variable object translates the physical 
adjustments of the blue line into numerical values. It is thus very easy for a 
stakeholder to use the soft variables in the model to setup and run their own model 
scenarios by adjusting growth percentages in individual sectors. 
 
Step 6 (Scenario testing) – This involves setting up and running scenarios with the 
economy environment module to ensure that what we are specifying in terms of 
percentage changes to various sectors of the model economy are being translated into 
appropriate growth values for the model. This is essentially a verification stage in 
which we seek to ensure the model is once again producing the results that it should 
be. Our model passed this test. 
 
Step 7 (Couple the model) - This involves efforts to couple the economy 
environment module to other parts of our dynamic GPI accounting model. These 
couplings are both symbolic (i.e. involves the use of Vensim objects that connect 
together various parts of the model) and mathematical (i.e. the use of mathematical 
couplings at an equation level). This final step now takes us to the final sections of 
this report at which time we will explore in greater detail how each of the remaining 
modules of the dynamic GPI accounting model (i.e. labour market, ecosystem 
services and GPI accounts) are coupled to the economy environment module. As has 
already been shown, the demographic module is coupled to the economic model in 
both final demand and education sectors.  
 
Step 8 (Calibrate the model) – the base year for our model is 2001. At the time we 
started building the economy environment module this was the most recent year for 
which we could get economic Input Output data. In the meantime it has taken some 
4–5 years to build this model. This time would have been much shorter only we did 
not have the funding to give fulltime attention to this area of our research. The 
amount of time taken to complete the model and the age of the base data (2001) does 
not influence the usefulness of the model as a futures calculation tool. If anything, in 
theory we now have additional years of real world economic data that can be used to 
calibrate the model.  
 
This ‘calibration’ stage of our model development work is still in the future at the 
time of writing this report. 2006 is the latest year for which an economic Input Output 
model of the Nelson and Tasman regions is available. Once funding becomes 
available we will be able to obtain more recent economic data to calibrate the various 
sectors and regional/catchment scale output of our economy environment module. 
This calibration procedure can be repeated with the availability of future economic 
data in 2011, 2016, 2021 and 2006. The more data we have for use in calibrating the 
behaviour of the economy environment module, the greater the confidence we will be 
able to have in the GPI accounts. 
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6.3.1 Economy environment module assumptions 
Modelling work of this kind necessitates the use of operational assumptions; as part of 
our work as model builders it is an important discipline to be explicit about our 
assumptions. This makes it possible for stakeholders involved in the use of the model 
to better assess the value to them of what the model teaches us in a practice context. 
Articulating our model assumptions is also important for us as model builders. This 
process teaches us to be explicit about our assumptions, a discipline that is an 
important part of the process of growing and challenging our own thinking. Our 
economy environment module is based on the following types of key assumptions. 
 

(i) Verification – the mathematical and computational verification of our 
model structure is adequately undertaken using the accounting checkpoint 
method and calibration testing. Neither of these tests is an absolute test of 
model verity. In theory at least it would be possible for computational 
problems to generate correct results. The only way to test this possibility 
would be to undertake a comprehensive audit of the verity of every economic 
equation in this module and we have not done this. We also assume that 
calibration testing is a useful tool for fine-tuning model projections and for 
building understanding about how economic drivers of change behave over 
time. 
 
(ii) Balance of trade – our balance of trade calculation is an estimate and not 
a precise determination yet we assume that it is adequate for our model 
building goals. We have acknowledged that the drivers of the export sectors of 
our model are coupled to individual sector drivers as a simple approximation 
of a much more complex dynamical system. 
 
(iii) Driver feedback on economic growth – we have assumed that our 
model will be able to produce adequate projections of net economic growth by 
the transition matrix method outlined earlier in this report section. Once again, 
this mathematical method is a simple approximation of a much more complex 
reality. In particular, our model does not include real world influences from 
technological change, movement in the structural or compositional 
organisation of the local economy and feedback from change in export 
performance that has the potential to have a multiplier effect on local industry. 
Not including dynamics of this kind in economic growth projections is 
probably acceptable over the short to intermediate term. However, these 
assumptions become more problematic over long time horizons. Having said 
this, our focus is not on the determination of precise projections of future 
economic behaviour. 
 
(iv) The Input Output Table – our economy environment module includes 
all of the assumptions typically associated with Input Output models and their 
use (Cumberland 1966; Richardson 1972). In particular, it is important to 
recognise that an Input Output Table is itself a model of reality and not an 
attempt to create a precise determination of economic behaviour. Economic IO 
tables involve important simplifying assumptions, in particular: (i) linearity – 
there is a linear relationship between inputs and outputs, (ii) proportionality – 
there is a fixed proportion of inputs and (iii) homogeneity – there is only one 
homogeneous output per sector. It is common practice to update Input Output 
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Tables with superior local data. In our case this was done neither by Market 
Economics Ltd in their development of the Table, nor by us. The addition of 
superior data to an IO Table would mean that row and column totals in the 
Table need to be re-balanced and we have not attempted to venture into this 
somewhat specialist field of work.  
 
(v) Theoretical translation – construction of our Vensim economy 
environment module has involved the translation of our Input Output model 
data into a Vensim stocks and flows symbolic model. We assume this 
translation process has been appropriately accomplished and any further 
refinements to this translation process will not in any way change the current 
computational power of the model. 
 
(vi) Sector drivers – we assume percentage increase in economic sectors and 
demographic change provides an adequate basis for driving the production and 
final demand ends of our economy. We also assume here are no time delays 
associated with the effect of population change on final demand consumption.  

 

6.4 Summary 
In this report section we have explored the mathematical derivation, assumptions and 
method associated with the development and use of our economy environment 
module. In our next report section we focus attention on the development of a labour 
market module. 
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7. The labour market module 
Of all the modules in our dynamic GPI accounting model the labour market is the 
most complex. The first labour market module was developed after the economy 
environment module in association with prototype (version 2). However, we 
eventually abandoned this first version of the labour market module for two reasons. 
First, one of our stakeholders (the Nelson Economic Development Agency) was 
involved in an industry survey seeking to obtain information about the labour market. 
This seemed an opportunity to ground the development of another part of our model 
development in local practice. Second, we were never really happy with prototype 
(version 1). This first prototype was an opportunity to grapple with the theory of 
labour market behaviour, and it quickly became evident that this was more complex 
than first seemed apparent. 
 
During the development of prototype version 3 we made an effort to improve our first 
attempt at a labour market module and decided to go back to the drawing board and 
start again from first principles. In the remainder of this report section we outline the 
goals, mathematical derivation, operation and method of developing the version 2 
labour market module.  
 

7.1 Goals 
The importance of starting with a brief outline of model building goals follows from 
the fact that there is a sense in which this module is still incomplete. We intentionally 
use the term ‘goals’ (plural) because there are a number of things we were trying to 
achieve in the development of this module. 
 
First, we wanted to be able to depict the state of the three components of the labour 
market (employed, not employed, and not in the labour force). Second, we wanted to 
be able to disaggregate two parts of the labour market (employed and not employed) 
by the REDs economic sector classification used in our economy environment 
module. The reason for this second goal followed from the work and interests of the 
Economic Development Agency, who were (at the time) looking for information 
about these two parts of the labour market in particular so they could coordinate the 
efficient growth of the Tasman and Nelson economies.  
 
Third, we wanted to be able to couple the three main parts of the labour market in 
such a way that the functioning of the local economy determined the level of 
employment, unemployment and movement in and out of the labour force. Finally, it 
is evident that the labour market (entire) is influenced by more than just transition 
probabilities associated with the movement of individuals between employment, 
unemployment, and not in the labour force. The labour market is essentially a human 
population that experiences all the effects of a local population. For this reason, we 
wanted to couple the drivers of our demographic module with those of the labour 
market module to add this dimension of demographic realism to our labour market 
model. For the sake of a clear naming convention, we refer to these goals in the 
remainder of this report section as follows: 
 

(i)  Structure of the labour market 
(ii) Labour market disaggregation by industry sector 
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(iii) Determination of employment status 
(iv) Inclusion of demographic realism  

 
Of the four development goals listed above, our current labour market module has 
been successful in achieving all but the second of these goals (i.e. labour market 
disaggregation by industry sector). The reason we were not able to achieve goal 
number 2 is because actual local labour market data are not available to make this 
possible. Furthermore, even if data of this kind were available, the level of complexity 
involved in achieving a goal of this kind is beyond the scope of this current project. 
 
However, we have been successful in building a labour market module that goes some 
way towards achieving all three other developmental goals. In the next sub-section of 
this report we conceptually and mathematically seek to outline how this module 
works. 
 

7.2 A mathematical description 
The labour market module is composed of three sub-modules that we refer to by those 
aspects of the labour market that they describe: (1) employed, (2) unemployed, and 
(3) not in the labour force. Each of these sub-modules follows the same structural 
design. They are all based around a component, 5-yr age cohort, male and female 
population structure. To build a structure of this kind we needed to know the total 
number of people in each part of the labour market and how these totals were made 
up in terms of age structure. We derived age-structured regional labour market data of 
this kind from the Statistics New Zealand website58 for the base year of our model 
(2001). These data define the state of the labour market at the first time step of our 
model. 
 
In order to move this initial state of the labour market from time step 1 to time step 2 
we need to know the statistical likelihood of transition by individuals between these 
various initial states (employed, unemployed, and not in the labour force). Statistics 
New Zealand does not publish labour market transition probabilities for regions 
(Statistics New Zealand 2005). The only data we have are nationally derived and our 
use of these data therefore involves an assumption of relevance in moving from 
national to regional scale. To help to address this problem, we used the national 
labour market transition probabilities only as a starting point for our labour market 
module (i.e. time step 1). After time step one the determination of labour market 
transition probabilities is calculated within our dynamic GPI accounting model 
through the use of a separate module that changes these initial probabilities based on 
locally derived (i.e. generated within our dynamic GPI accounting model) population 
and economic data. Unfortunately, as we were not able to determine age specific 
transition probabilities, we need to assume our transition probabilities are age 
independent. 
 
As mentioned above, we know that (model) individuals within a (model) labour 
market experience all the effects of population change. For example, people who are 
employed, unemployed and/or not in the labour force experience mortality, ageing, 

                                                
58  These data can be extracted using Table builder, an online data extraction tool associated with the 

Statistics New Zealand website. 
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and may move to and/or from a catchment-scale or regional labour market (i.e. 
migration). Also, new individuals are born, age and eventually enter the labour market 
category – not in the labour force and then eventually move onto the local job market. 
The addition of demographic effects of this kind adds greater realism to the labour 
market. In these general terms, our module includes spatial realism of this kind (i.e. 
migration) by 5-yr age cohort. What it is not able to be effectively determined are the 
kind of spatial effects associated with persons living in the Motueka catchment and 
traveling each day to Nelson or Tasman to work. In order to capture realism of this 
kind it would be necessary to build a fully spatially explicit model and this is beyond 
the scope of our current model-building project. Instead, each spatial area of our 
model (Nelson, Tasman and Motueka) has its own labour market and for all intents 
and purposes we assume people are locally employed. In terms of calculating local 
employment and unemployment statistics this is probably not a problem. It just means 
that we are not able to determine from a spatial point of view, how these statistics 
apply.  
 

 

Figure 26  The conceptual layout of the various parts of the labour market module. 
 
Our labour market module is, once again, an approximation of a much more complex 
reality. In summary, it is composed of the three sub-modules shown in Figure 26: (i) 
the labour market sub-module, (ii) the transition probability sub-module, and (iii) the 
labour market statistics sub-module. The economic and population modules are 
coupled directly to: (i) the 5-yr age cohort structure of the three parts of the labour 
market sub-module (employed, unemployed and not in the labour force), and (ii) the 
sub-module responsible for estimating labour market transition probabilities. These 
transition probabilities are coupled directly to the three parts of the labour market sub-
module. Finally, another sub-module is responsible for calculating labour market 
statistics based on data derived each time step from the labour market sub-module. 
 
Having explained conceptually how the labour market module (entire) works, it is 
now possible to look in greater detail at each of the three sub-modules to better 
understand how they work mathematically. 
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7.2.1 Transition probability module 
National transition probability statistics are gathered and reported by Statistics New 
Zealand on a quarterly basis (Table 6). These probability figures describe the 
statistical likelihood of a person in one of the three parts of the labour market moving 
to another part of the labour market during the next quarter. Our dynamic GPI 
accounting model is not based on monthly or quarterly data and for this reason we 
seek to use annual average values as shown in column 6 of Table 6. Before 
considering their determination within our dynamic GPI accounting model there are a 
couple of important properties of the data shown in Table 6 that are worth noting.   
 

Table 6  National labour market transition probabilities (2001). 
Transition category Mar Jun Sep Dec Average 
Employed to employed 0.9350 0.9430 0.9450 0.9440 0.9418 
Employed to not in the labour force 0.0530 0.0440 0.0430 0.0430 0.0458 
Employed to unemployed 0.0120 0.0130 0.0120 0.0130 0.0125 
Not in the labour force to employed 0.0750 0.0770 0.0780 0.0930 0.0808 
Not in the labour force to not in the labour 
force 0.8900 0.8900 0.8900 0.8740 0.8860 
Not in the labour force to unemployed 0.0340 0.0330 0.0320 0.0330 0.0330 
Unemployed to employed 0.3280 0.3920 0.3730 0.3520 0.3613 
Unemployed to not in the labour force 0.3340 0.3190 0.3040 0.3170 0.3185 
Unemployed to unemployed 0.3380 0.2890 0.3230 0.3310 0.3203 
 
First, what we refer to as the labour market entire is actually made up of three 
separate parts (i.e. employed, unemployed, and not in the labour force). If you were to 
add these three parts of the labour market together you would arrive at the total 
population of the region or catchment being studied. This is an important property 
because Statistics New Zealand does not provide 5-yr age cohort data on those ‘not in 
the labour force’. We had to generate ‘not in the labour force’ data by a process of 
deduction involving the subtraction of the 5-yr age cohort data for those employed 
and unemployed from the 5-yr age cohort total population data (equation 5). 
 

€ 

NILF(5yrcohort ) = TP(5yrcohort ) − E(5yrcohort ) +U(5yrcohort )( )     (5) 
 
Where: 
 
NILF(5yrcohort)  those not in the labour force 
TP(5yrcohort)  total population by 5-year age cohort 
E(5yrcohort)  those employed by 5-year age cohort 
U(5yrcohort)  those unemployed by 5-year age cohort 
 
A second important property of Table 5 is that the transition probabilities for any 
single quarter related to 1 complete transition (i.e. employed to employed, employed 
to unemployed, and employed to not in the labour force) add up to unity (i.e. 1). 
Transition probabilities are expressed in percentage terms. For example, the 
likelihood that someone who is employed will still be employed during the March 
quarter of 2001 was 0.9350. Therefore, out of every 100 individuals, 93.5 will still be 
employed (column 2, row 2, Table 6). If you add all three transition probabilities for 
the March quarter (column 2, rows 2-4, Table 6) they sum to 1 (i.e. 0.9350 + 0.0530 + 
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0.0120). This is an important property of the transition probabilities because they 
provide a mathematically simple method for calculating how many individuals move 
between different parts of the labour market based on the state of the population at 
any given time interval. This second property of the transition probabilities is also 
important in the calculation of statistics within the dynamic GPI accounting model. 
Our transition probability estimates must sum to unity (1) for each time step of the 
model and we use this property as an accounting checkpoint on our calculation 
procedure.  
 
Where do transition probabilities come from? The various transition probabilities are 
derived from different properties of the economic demographic system. Table 7 below 
provides a list of all transition probabilities determined within our dynamic GPI 
accounting model and shows what dataset they are derived from. 
 

Table 7 National labour market transition probability categories and the economic/ 
demographic data from which they are derived. 

Transition category Model data used in determination 
Employed to employed Economic GDP data 
Employed to not in the labour force Demographic 65 years plus data 
Employed to unemployed Economic GDP data 
Not in the labour force to employed Demographic 15-24 years data 
Not in the labour force to not in the labour force Demographic 15-24 + 65 years (plus) data 
Not in the labour force to unemployed Economic GDP data 
Unemployed to employed Economic GDP data 
Unemployed to not in the labour force Demographic 65 years plus data 
Unemployed to unemployed Economic GDP data 
 
As shown in Table 7, three main datasets are used to calculate our transition 
probabilities. For example, the employed-to-employed (e-2-e) transition probability is 
strongly influenced by the current state of the economy. If the economy is plunging 
into a recession, the statistical likelihood of someone who is employed staying 
employed will be much lower than when the economy is experiencing consistently 
strong growth.  
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Figure 27  The transition probability sub-module, showing the soft variable graph used to 
define the relationship between changes in GDP and the transition probability for 
employment-to-employment. 

 
We assume there is a direct linear relationship between GDP and this employment 
statistic and this mathematical relationship provides a clue as to how we calculate this 
and other transition probabilities in our model.  
 
We used the soft variable functions of Vensim to define the relationship between the 
transition probabilities that we want to calculate and the economic or demographic 
data that strongly influences these values (Figure 26). This method of transition 
probability determination is not precise. However, given the other data quality 
limitations of our labour market module we feel this method is a useful approximation 
of a much model complex reality. Specific approximation assumptions are outlined 
below. 
 
First, his method of determination assumes the existence of an instantaneous linear 
relationship between changes in GDP and changes in the e-2-e transition probability. 
In reality, the informational role of change in GDP is likely to be mediated by time 
delays. Also, we have used regional or catchment GDP rather than sector GDP. 
Finally, we do not have age specific transition probabilities. Data of this kind are not 
available from Statistics New Zealand. For this reason we have had to apply these 
estimates equally across all age cohorts of our model.  
 
We have used soft variables to estimate all of our transition probabilities. This sub-
module runs for every time step of the model and thus ensures that the labour market 
is tightly coupled to and follows the behaviour of the economy and different aspects 
of total population change. This is a very basic but important interrelationship. If the 
economy and population grows, then we would expect unemployment to fall and 
increased migration of individuals ‘not in the labour force’ into employment. 
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Likewise, when the economy falls and population growth slows, work becomes 
scarcer and unemployment rises.  
 
Of course, this is a completely aspatial representation of what is effectively a spatially 
complex problem. For example, when the economy booms, one way of supplying 
labour is to import it across the local system boundary. We will be able to capture this 
migration behaviour to a certain extent by coupling our labour market module to the 
demographic module. However, in reality we are doing our best to approach a 
relevant approximation of a highly complex real world phenomenon.  
 
To calibrate our soft variables we needed to gather historic data for the transition 
probabilities in which we were interested so that we could determine the upper and 
lower limits of historic change in each of these statistics. To accomplish this we 
gathered transition probability data from 1994 to 2006. We use the upper and lower 
bounds associated with these data as a basis for upper and lower values on the y-axis 
of our soft variable graph, as shown in Figure 27. The upper and lower bounds of the 
x-axis in this case are determined by the initial and final values of GDP. We need to 
calibrate this axis of the model when setting up a new scenario. If we underestimate 
the likely growth of GDP, the Vensim model will report an error that tells us that this 
GDP value has exceeded the bounds we set.  
 

7.2.2 The labour market sub-module 
The determination of labour market transition probabilities was a reasonably easy task 
compared with building the actual labour market model itself. To help illustrate this 
point we have included a screen photo of one part of the labour market sub-modules 
(Figure 27). The photograph in Figure 27 shows part of the Motueka, employed, male 
by 5yrs age cohort labour market. The female counterpart of this part of the employed 
labour market is not visible.  
 

 

Figure 28  The Motueka employed male, 15–44-yrs cohorts section of the labour market sub-
module. 
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To understand how the labour market sub-module works it is helpful to focus 
attention on one of its building blocks as shown in Figure 27, the fte_m1519 age 
cohort we will now define as the variable F. The state of this variable changes every 
time step of the model as defined by equations 6–8 below. First, for each time step of 
the model, each of the 198 5-yr age cohorts in the labour market module can be 
determined mathematically by subtracting the sum of all inputs from the sum of all 
outputs (equation 6). To understand how equation 6 works, we focus attention on the 
male 15–19-years age cohort in the employed part of the Motueka labour market 
module. 
 

€ 

F(m1519) = inputs − outputs∑∑        (6) 
 
Where 
 
F(m1519) is the male, employed 15–19-years age cohort of the Motueka labour 

market sub-module 
Inputs are all of the individuals who move into this male, employed, age 

cohort from other parts of the Motueka, male labour market sub-
module and as a result of migration into this male age cohort from 
outside of the region59 

Outputs are all the individuals who move out of this male, employed, age 
cohort to go to other parts of the Motueka, male labour market sub-
module and as a result of migration away from this male age cohort to 
other regions of New Zealand and overseas60. 

 
In equation 7 we define the inputs variable of equation 6. 
 

€ 

inputs = n2e + u2e + int+ nz + near +m14yrsplus( )(m1519)∑     (7) 
 
Where 
 
inputs  is the inputs variable of equation 6 
n2e  are those not in the labour force entering employment 
u2e  are those unemployed entering employment 
int   are those who arrive in the region employed from overseas 
nz  are those who arrive in the region employed from other regions 

                                                
59  The percentage of males aged 15–19 years entering the region that end up in this age cohort is 

determined by the proportion of total males in the employed part of the labour market at that 
particular time step. Obviously, some who enter the region will become unemployed, some will 
find a job and some will not enter the labour force. We assume this ratio is determined by the 
existing percentage proportions of the male labour market at that time (i.e. those employed, those 
unemployed and those not in the labour force). 

60  The percentage of males aged 15–19 years leaving the region from this age cohort is determined by 
the proportion of total males in the employed part of the labour market at that particular time step. 
Obviously, some who leave the region will come from being unemployed, some from not enter the 
labour force. We assume this ratio is determined by the existing percentage proportions of the three 
main parts of the male labour market at that time (i.e. those employed, those unemployed, and those 
not in the labour force). 



103 

near  are those who arrive in the region employed from the near region61 
m14yrsplus are those older than 14 years entering employment for the first time 
(m1519) defines the variables in this equation as belonging to the male, 15–19 

years age cohort 
 
In equation 8 we define the outputs variable of equation 6. 
 

€ 

outputs = e2n + e2u + int d + nzd + dnear +mort + ageing( )(m1519)∑    (8) 
 
Where 
 
outputs  is the outputs variable of equation 6 
e2n  are those employed moving to not in the labour force  
e2u  are those employed entering unemployment 
int d   are those who depart the region (employed) for overseas 
nzd  are those who depart the region (employed) for other regions 
dnear  are those who depart the region (employed) to a near region62 
mort are those who depart from this age cohort through death (mortality) 
ageing are those older than 19 years entering the m2024 employment age 

cohort for the first time 
(m1519) defines the variables in this equation as belonging to the male, 15–19 

years age cohort 
 
The total labour market sub-module is composed of 198 5-yr age cohorts coupled by 
equations of the kind described in equation 6. The resultant symbolic representation 
of this coupled system of finite difference equations is depicted in Figure 28. Each 
age cohort is coupled together by a Vensim physical flow connector. The metaphor 
associated with a physical flow connector may be likened to a section of water pipe 
and tap connected to two water tanks, which in this case are the 5-yr age cohorts of 
the model. In the same way as a physical pipe allows the flow of water from one tank 
to another once the tap is opened, likewise a Vensim flow connector makes possible 
the flow of individuals (in this case) from one age cohort to the next. This stocks and 
flows metaphor, based on mathematical logic, is being used in this model to define 
the natural population ageing process.  
 
In equations 7 and 8 the variables named e2u, e2n, u2e and n2e are all transition 
probabilities multiplied by the state value of the appropriate age cohort for which they 
are moving people from or too. An estimate of the number of people moving from 
one part of the labour market to another, as defined by the transition probability, is 
calculated by multiplying the transition probability by the state of the source age 
cohort from which these individuals are coming. The general form of this equation is 
shown in equation 9. 
 

€ 

e2u = TP(e2u) *Fs( )                 (9)
         
Where 

                                                
61  The region nearest to Motueka would be Tasman. 
62  The region nearest to Motueka would be Tasman. 
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e2u are the number of individuals moving from employment to 

unemployment for a given model time step 
TP(e2u) is the transition probability that defines the statistical likelihood of 

individuals who are employed becoming unemployed for a given 
model time step 

Fs is the source ‘employment’ age cohort [F] from which individuals are 
moving to unemployment. 

 
Because the labour market sub-module is based on the use of stock variables, it is 
necessary to define the initial state of each stock or 5yr age cohort. This is necessary 
because the mortality, out-migration, ageing and loss of individuals to other parts of 
the labour market (i.e. unemployed and not in the labour force) variables are all 
calculated by the state of the stock for which they are associated. Thus, without an 
initial condition, the Vensim model would not be able to calculate time step 1 of the 
model because it would not know what state value to assign the input and output 
calculations associated with each stock. 
 
The initial state of all of these stock variables at time step t=1 are defined by 
importing exogenous data into the model. These data were partly obtained from the 
Statistics New Zealand website and, as explained earlier in this report section, partly 
deduced from what is known of the total population of the catchment and regions 
(equation 5). This concludes our mathematical description of the labour market sub-
module. Finally, we consider the last remaining sub-module of the labour market 
module responsible for using data generated within the labour market sub-module to 
estimate labour force statistics (i.e. employment, unemployment, etc.).  
 

7.2.3 The labour force statistics sub-module 
The labour force statistics sub-module is responsible for retrieving and processing all 
the age-specific labour market data from this sub-module to calculate appropriate 
labour market statistics. This last sub-module is necessary because the labour market 
sub-module is based on the use of such highly disaggregated data. It is possible to use 
these data to explore what is happening in the labour market from a number of 
different perspectives. First, we could use the disaggregated 5-yr age cohort data to 
build a graph of male or female unemployment and show how the age structure of this 
part of the labour market changes during a dynamic GPI accounting model simulation 
from 2001 to 2026. Second, we can also calculate total labour force counts for male or 
female, employed, unemployed or not in the labour force in a graphed form to see 
how they change (2001–2026). Finally, we also use these summary totals of 
employed, unemployed and not in the labour force to calculate the usual labour force 
percentage data used for reporting (2001–2026). All these types of measurement 
involve very basic addition and percentage calculations that are not repeated here. 
 

7.3 How we built the labour market sub-module 
Having described and defined the labour market sub-module mathematically and 
conceptually we now seek to provide an explanation as to how this sub-module was 
constructed. As with the economy environment module, the mathematics alone does 
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not provide a complete or satisfactory explanation of how this sub-module was 
developed.  
 

 

Figure 29  The stepwise development stages involved in building our labour market sub-
modules. 

 
The process of model building involves working from quite abstract mathematical 
reality (in this case) towards a concrete model representation that tries to replicate 
aspects of the behaviour of a very complex social system. What we discovered, 
through trial and error was that the process of model construction ideally needs to 
follow a clearly defined pathway if computational errors are to be avoided.  
 
Stage 1 – Labour market data were derived from the Statistics New Zealand web-site 
in .xls spreadsheet format. Some of the data were stored in written research reports 
(Statistics New Zealand 2005) and these data, usually organised in Table format, had 
to be entered by hand into spreadsheets. We used spreadsheets to organise the data so 
that they were ready for integration into our Vensim modelling environment. As with 
our economic data, all the labour market data were organised into standard 
spreadsheet row and column format as a preparatory stage for coding. 
 
Stage 2 – Consistent with the use of all other exogenous data in our model, the labour 
market data had to be coded in such a way that each variable had a unique name. We 
accomplished this by cutting and pasting all row and column data into a new 
worksheet so that the structure of the data, with row and column headings, was 
maintained. Then we deleted the numerical data and generated unique variable names 
for each row and column intersect. Once this was done, we cut and pasted each 
column of variable names into a new excel worksheet and pasted the numerical 
variable data (by column) along side of each column of variable names. This process 
was repeated until all our labour market data were sitting alongside appropriate 
variable names in column format. Once the labour market data had been coded in this 
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manner they were ready to be cut and pasted into the Vensim excel loadfile used to 
import exogenous data into our model. The task of cutting and pasting data in this 
manner was slow, but absolutely necessary to avoid translation errors in variable 
names or numerical values.  
 
Stage 3 – Once our labour market data were organised and available for model 
construction we started work on the transition probability sub-module. It was 
important that once we began the process of building the actual labour market sub-
module the transition probability variables were available in the Vensim workspace so 
they could be integrated into labour market model equation building. This was not a 
difficult sub-module to build because it simply required us to define the appropriate 
economic and demographic driver variables (Table 7, Row 2) and then to connect 
these to soft variables.  
 
Once this had been accomplished, it was necessary to build a further Vensim 
accounting checkpoint object responsible for summing together the various sets of 
employment, unemployment and not in the labour force data transition probabilities. 
Once the model is run we need to check that for the entire time horizon of the model, 
the sum of each set of transition probabilities sums to unity (1), as described above in 
sub-section 7.2.1, for the entire term of the model (2001–2026). This accounting 
checkpoint tests the validity of our theoretical assumptions that certain types of 
economic and demographic data are responsible for change in labour market 
transition probabilities. For the short, 25-year projection term of our model we found 
our accounting checkpoint balances are very close to unity. We made some small 
adjustments to the shape of some of the soft variable graphs in order to improve this 
accounting balance. Adjustments of this kind will clearly be necessary for different 
model runs because the soft variables are clearly sensitive to the upper and lower 
bounds of economic growth activity. 
 
Stage 4 – Once the transition probability sub-module was working correctly it was 
possible to begin work on the construction of the labour market sub-module. We built 
this module in two separate stages. Each stage involved the use of important 
accounting checkpoints that need to be tested in order of construction, if gross 
computational error resulting from faulty model structure or equations is to be 
diagnosed and corrected. This approach is necessary because the labour market sub-
module is so complex that it is extremely difficult to diagnose computation problems 
once the construction process is finished. These problems have to be diagnosed early 
on. We therefore built the labour market sub-module in two natural stages.  
 
First, in stage 4 of Figure 28 we constructed all the Vensim stocks responsible 
(mathematically) for defining the initial age structure of the three parts of our labour 
market model (i.e. employed, unemployed, and not in the labour force). Each of these 
stock variables needs to be associated with another small variable object that loads the 
initial condition for each age cohort stock from the excel loadfile data. Initially, we 
did not couple these stocks together using the Vensim flow connectors responsible for 
mathematically calculating the movement of individuals between each age cohort 
stock as a result of labour market population ageing. Instead, we built accounting 
checkpoints for each male and female age structure that mathematically provided us 
the sum total of all age cohort stocks. We ran the model in this incomplete state. Our 
accounting checkpoints had to agree with the labour market data (column totals) from 
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our original Statistics New Zealand spreadsheet data. If they did not agree, we had a 
computational or structural problem at this initial stage of model development that 
had to be corrected before we could proceeded with adding further complexity to this 
sub-module. 
 
Stage 5 – Once we were sure our model age cohort totals and spreadsheet totals were 
in perfect agreement it was possible to proceed with model building activities that 
coupled the migration, mortality, ageing and age cohort data of our demographic 
module with the labour market sub-module. Because all three parts of the labour 
market sub-module are themselves coupled together through the use of transition 
probabilities, it is not possible run the model again to test the accuracy of the labour 
market sub-module until construction of the demographic couplings across all three 
parts of the labour market (employed, unemployed, and not in the labour market) is 
complete. This stage of module construction needs to be undertaken with a very clear 
theoretical and mathematical grasp of the system, once again, if annoying 
computational problems are to be avoided.  
 
Stage 6 – Once model building work is complete in stage 5 above, the same 
accounting checkpoints used in stage 4, are now used to test the numerical accuracy 
of this sub-module. When the individual male and female, employed, unemployed, 
and not in the labour force checkpoints are summed together and the model is run, 
this sum total checkpoint should replicate the population growth of the region or 
catchment (e.g. Motueka) being modeled over the time horizon of the model (2001–
2026). This behaviour of our labour market sub-module is entirely consistent with this 
‘first property’ of labour market data outlined earlier in this report section (equation 5 
and commentary in sub-section 7.2.1). This same accounting test can also be repeated 
after the building of the labour force statistics sub-module. The accounting checkpoint 
tests also need to be applied in the labour force statistics sub-module, to ensure the 
computational parts of this sub-module add to give the correct high-level totals. 
 
Stage 7 – when it has been verified that the labour market module (entire) is working 
correctly, it is possible to couple this module to other parts of our dynamic GPI 
accounting model. In our dynamic GPI accounting model the labour market data are 
used in the GPI accounting sub-modules. We will provide detail on these couplings in 
the last section of this report that deals with the technical design and construction of 
the GPI accounts. 
 

7.4 Model assumptions 
It is not possible to build a model structure of this level of mathematical complexity 
without the use of assumptions that limit our model design and data in terms of the 
extent to which they represent reality. In this last sub-section of this report section we 
seek to outline what we consider to be the important assumptions that govern the use 
of this part of our dynamic GPI accounting model structure. 
 
National transition probability estimates – as mentioned earlier, our labour market 
data are based on national estimates of transition probabilities and not on regional 
estimates. For this reason, the predictive power of our labour market module is clearly 
limited by the relevance of national data at local regional and catchment scale. Having 
said this, data can always be improved now that an appropriate model structure is in 
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place. Furthermore, we have attempted to soften the sharp edge of this national scale 
data by determining transition probabilities for time steps (t=2:26) of the model, 
within the model. While we have applied an accounting checkpoint on the integrity of 
these estimates, it might well be that our upper and lower bounds are wrong and/or 
the shape of our soft variable graphs is also wrong. It would require detailed 
collection of local data to calibrate these calculations and we have not yet attempted 
to do this. 
 
Age cohort data – our demographic, age-cohort data for the ‘not in the labour force’ 
category had to be calculated by mathematical deduction, assuming that the three 
parts of the labour market (i.e. employed, unemployed, and not in the labour force) 
sum to the total regional or catchment scale population (equation 5). These data are 
therefore an estimate, the accuracy of which is dependent on the accuracy of our other 
labour market age cohort data. 
 
National household sample survey – our regionalised, age cohort labour market data 
was collected from the Statistics New Zealand table builder and is therefore subject to 
all the assumptions associated with the collection of this data (i.e. the national 
household sample survey).  
 
Spatial scale – it was not possible to obtain catchment-scale labour market data of 
any kind and therefore we have assumed the labour market in the Motueka catchment 
behaves in a manner consistent with the regional labour market. Given the highly 
annual nature of seasonal employment within the Motueka catchment, this assumption 
is unlikely to hold true. However, this is the best that we can do in the meantime. 
 
Accounting checkpoints – we assume the method of model construction and use of 
accounting check points has provided a computationally and theoretically sound basis 
for module and sub-module verification. 
 
Mathematical translation – we assume labour market theory has provided an 
adequate basis for mathematical translation into the stocks and flows metaphor used 
in the Vensim modelling environment. We further assume that theoretical and model 
translation inconsistencies of this kind should be apparent in the use of accounting 
checkpoints. 
 
Model couplings – we assume the transition probability couplings in our model to 
economic and demographic data occur at an appropriate spatial scale. In reality, this is 
unlikely to be the case. The ideal labour market model, and indeed the one we set out 
to build, would involve economic sector disaggregation of the three parts of our 
labour model (i.e. employed, unemployed, and not in the labour force). We could then 
calculate transition probabilities at sector scale. Unfortunately, data are currently not 
available to support a model building project of this kind.   
 
Treatment of time – we assume the changes in the labour market that we have 
modeled are instantaneous. This is of course highly unlikely. It is very likely that a 
down turn in the economy does not result in immediate layoffs. We would expect 
employers would initially seek to retain critical staff and employ strategies like job 
sharing, etc., to avoid the need to lay off staff. Unfortunately, the temporal resolution 
of our dynamic GPI accounting model does not make it easy to model time delays of 
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this kind. Furthermore, even if we tried to do this, we would be second-guessing the 
exact nature of these effects without the extensive research needed to calibrate 
temporal adjustments of this kind. Once again, our labour market module is an 
attempt, as mathematical model builders, to approximate a very complex social 
system.  
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8. The ecosystem services module 
The economy environment module of our dynamic GPI accounting model tracks a 
range of biophysical inputs associated with production activities. However, economic 
activity is dependent on a much broader range of direct and indirect contributions 
from natural ecosystems not included in the mass flows of our biophysical Input 
Output Table. To assess the contribution made by local ecosystems to economic 
production activities we need to undertake an ecosystem services valuation analysis. 
This report section explains how we have attempted to build a module for estimating 
the monetary contribution of local ecosystem services to annual GDP. The theory and 
methods associated with our use of an ecosystem services valuation approach are well 
established in both international (Costanza, et al. 1998; Costanza & Folke 1997) and 
national literature (Patterson & Cole 1999a,b; Berl 2002; Cole & Patterson 2003). For 
this reason, we do not repeat this material here. In the remainder of this report section 
we seek to mathematically define our ecosystem services module, explain the model 
building process and outline underpinning assumptions associated with its use. 
 
What we here refer to as the ecosystem services module is composed of two sub-
modules: (i) an ecosystem services valuation calculator, and (ii) an ecosystem services 
area calculator. Datasets for the construction of this module have been derived from 
previously published material (Cole & Patterson 2003). It is important to note that an 
economic valuation method of this kind is not ideally suited to every cultural context 
(Awatere 1997; Cole 2007). Our dynamic GPI accounting model has made no attempt 
to estimate Māori cultural values associated economic growth activities. This would 
be a research project of its own and for this reason is outside the funding scope of this 
current programme. However, we have begun research in another FRST funded 
programme68 seeking to understand better how the integration of Māori cultural 
values into a spatial modelling framework of this kind might be possible (Cole 2007, 
2009). 
 

8.1 Ecosystem services calculator sub-module 
Economic valuation based on ecosystem services (Patterson & Cole 1997) involves 
the estimation of at least two different components of value, (i.e. direct and indirect). 
Direct monetary values are derived from the trading of ecosystem services on 
commercial markets. Indirect values are typically estimated using non-market 
valuation methods like contingent valuation (Harris 1983). Once you have direct and 
indirect monetary values for different ecosystem service types, the estimation of 
direct, indirect and an estimate of economic value is a relatively easy matter and 
outlined in greater detail below. First, to calculate an estimate of the direct or indirect 
monetary value of a given ecosystem service to the production of annual GDP within 
a spatially defined area: (i) we multiple the total area of ecosystem service coverage 
(in hectares) by (ii) the dollar value of ecosystem service flows in $/hectare/yr 
(equation 10). 
 

€ 

V = a* d                  (10) 
 
Where 

                                                
68  FRST contract number MAUX0502. 
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V is the economic value component being estimated (direct or indirect) 
a is total ecosystem area (ha) providing a given flow of ecosystem services 
d is the dollar value of ecosystem good and/or services per hectare per year 
 
Equation 10 shows how the monetary contribution made by ecosystem services to 
local GDP is calculated for an individual ecosystem service. However, local 
ecosystems provide a range of different goods and services that economic activity is 
dependent on. International researchers working in this area of economic valuation 
have characterised 17 different types (Table 8) of ecosystem services that are 
associated with a wide variety of different ecosystem types. We have used this system 
of classification for the development of our ecosystem services calculator sub-
module, consistent with our past research efforts in this area (Patterson & Cole 
1999a,b; Cole & Patterson 2003).  
 

Table 8  Ecosystem services used in our sub-module. 
Number Ecosystem service type 

1 Gas regulation 
2 Climate regulation 
3 Disturbance regulation 
4 Water regulation 
5 Water supply 
6 Erosion control and sediment retention 
7 Soil formation processes 
8 Nutrient cycling 
9 Waste treatment 

10 Pollination 
11 Biological control 
12 Refugia 
13 Food production 
14 Raw materials 
15 Genetic resources 
16 Recreation 
17 Cultural 

 
To estimate direct and indirect value we therefore need to repeat the generalised 
calculation shown in equation 10 for each of the 17 ecosystem service types shown in 
Table 8. Our implementation of an ecosystem services calculator module is based on 
matrix algebra, similar to the computational method employed in the economic sector 
calculator sub-module described in section 5 of this report. First, we define 2 identical 
state matrices [E(i)] and [E(d)] of dimensions 17 × 19. The 17 rows of these state 
matrices define the flows of the 17 ecosystem service types (Table 8) associated with 
each of the 19 main ecosystem types (Table 9), associated with our study areas 
(Nelson, Tasman and Motueka). We refer to these state matrices as identical because 
they contain the same area estimates for the determination of direct [E(d)] and indirect 
[E(i)] components of our total ecosystem services valuation. 
 
The categories of ecosystem type classification are derived from the GIS Landcover 
Database (LCDB II) from which we derived this spatial data. The identical state 
matrices theoretically define the flows of ecosystem services and goods associated 
with each of the 19 ecosystem types found in our study area. The variables in this 
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matrix [E] are measured in hectares and define the area (in hectares) that a given 
ecosystem type contributes towards to the provisioning of the 17 ecosystem goods and 
services listed in Table 8.  
 

Table 9  Ecosystem types of the Nelson Tasman regions based on LCDB II. 

Item Ecosystem types (LCDB II) 
1 Horticulture and Cropping 
2 Agriculture 
3 Intermediate Agriculture & Scrub 
4 Intermediate Agriculture & Forest 
5 Scrub 
6 Forest – Scrub 
7 Forest 
8 Wetlands 
9 Swamps/Floodplains 

10 Tidal Marsh 
11 Estuaries 
12 Seaweed/Algal 
13 Coral Reefs 
14 Mangroves 
15 Lakes 
16 Rivers 
17 Continental Shelf 
18 Open Ocean 
19 Coastal 

 
Second, we define transition matrices [I(i)] and [I(d)] of dimensions 17 × 19 elements 
that define the direct [I(d)] and indirect [I(i)] monetary values in $/hectare/yr associated 
with each ecosystem service and ecosystem type intersect in our state matrices [E(i)] 
and [E(d)]. To estimate the direct or indirect value component in our ecosystem 
services calculation, we multiply the appropriate state matrix ([E(i)] and/or [E(d)]) by 
its corresponding transition matrix ([I(i)] and/or [I(d)]). For example, the estimation of 
indirect value for a given time step of our dynamic GPI accounting model is achieved 
by multiplying the state matrix [E(i)] by the transition matrix [I(i)] as shown in 
equation 11. Likewise, the estimation of direct value for a given time step of our 
dynamic GPI accounting model is achieved by multiplying the state matrix [E(d)] by 
the transition matrix [I(d)] as shown in equation 12. 
 

€ 

indirectvalue = E(i) * I(i)( )∑                  (11) 
 

€ 

directvalue = E(d ) * I(d )( )∑                  (12) 
 
Where 
 
indirectvalue  is the indirect value component of total value 
directvalue  is the direct value component of total value 
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E(d)   is the direct value state matrix 
E(i)   is the indirect value state matrix 
I(i)   is the indirect value transition matrix 
I(d)   is the direct value transition matrix 
 
Given the methods used to estimate direct and indirect value components of 
ecosystem services value as defined by equations 11 and 12, an estimated ecosystem 
services economic value is achieved by calculating the product of direct and indirect 
value components (equation 13). 
 

DVIVESV +=                   (13) 
 
Where 
 
ESV  is our monetary estimate of ecosystem services value 
DV  is our monetary estimate of direct value 
IV  is our monetary estimate of indirect value 
 
The generalised solution method defined above in equations 10–13 is relevant for the 
estimation of direct, indirect and ecosystem services economic value for one time step 
of our dynamic GPI accounting model. This is the simple case, which is based on the 
assumption that the area estimates contained in our state matrices [E(i)] and [E(d)] are 
constants. In reality this is never the case. These ecosystem-by-ecosystem services 
area estimates in these state matrices are in fact variables: they change as a product of 
economic activity, although it is difficult to quantify the nature of this change in 
future terms. 
 
Theory tells us that economic growth can occur as a result of one of two different 
processes. First, it is possible to increase a sector contribution to GDP through 
technological efficiency gains. For example, in the pip fruit industry, the introduction 
of a new variety of high yield apple could result in growth in the GDP of this sector 
without the use of further land (i.e. an implied change in ecosystem areas). Second, it 
is also possible to increase a sector contribution to GDP by holding technological 
innovation constant and applying the existing production technology over greater 
areas of land. For example, we could use existing apple varieties and plant more 
orchards. The second of these two processes is especially important to the estimation 
of direct and indirect estimates of ecosystem services value components over time.  
 
There is always an element of ecosystem modification associated with economic 
growth. The extent of this modification in New Zealand was clearly very high during 
the early settlement period. Over the space of a very short period of time (ca 1840–
1880); in some regions of New Zealand, there was in excess of an 80% reduction in 
forest ecosystems cover (Newsome 1987). Obviously, ecosystem modification 
processes of this kind could not be sustained for long periods of time. The rate of 
conversion of one ecosystem type to another (Table 9) still continues today, but at a 
much reduced rate.  
 
Given that at least some growth in regional and/or catchment GDP is achieved as a 
result of the modification of existing ecosystems, how do we include this aspect of 
‘ecosystem type’ by ‘ecosystem service area change’ into our sub-module? There are 
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a couple of problems here, one computational and the other theoretical. First, from a 
theoretical perspective, how do we estimate the amount of growth in GDP that is 
associated with ecosystem modification involving a change in land area? There is no 
simple answer to this question. Clearly, some growth in GDP will be associated with 
technological innovation and some with ecosystem modification. Given that we do 
not know what these rates of change are (in future terms) we can only produce 
educated estimates based on published rates of technological innovation and on-
ground spatial relationships (i.e. how much land area is available for ecosystem 
modification related to a given sector). Estimates of this kind can be made from 
published technological coefficients of change and GIS map layers providing 
information on land use.  
 
Second, assuming that it was possible to produce some estimates of potential 
ecosystem modification over the 25-year projection of our dynamic GPI accounting 
model, how do we integrate these changes in area into our ecosystem service sub-
module? This is the computational problem. 
 
As stated above, our identical state matrices ([E(i)] and [E(d)]) are composed of 
variables, not constants. We achieved this outcome computationally by multiplying 
these state matrices by a second (area) transition matrix [P] of dimensions 25 × 19 
that defines, element-by-element, the likely percentage change associated with each of 
our 19 ecosystem types (19 columns), for each time step of the model (25 rows). In 
order of equation execution within the model, this calculation must be completed 
before the mathematical operations described by equations 10–13.  
 

8.2 Ecosystem area calculator sub-module 
There is one further sub-module that we need to consider in connection with the 
estimation of direct, indirect and estimated ecosystem services values. This sub-
module is responsible for summing up all ecosystem type area measurements every 
time step so as to ensure that they do not exceed the maximum area in hectares of our 
study region or catchment. This is accomplished by calculating the sum of the product 
of multiplying our area transition matrix [P] by our state matrices ([E(i)] and [E(d)]).  
  

€ 

TA = P * E( )(t=n )∑         (14) 
 
Where 
 
TA  is total regional or catchment area 
P  is the area transition matrix 
E  is the direct or indirect state matrix 
 
The implementation of equations 10–14 inside the Vensim work space is an 
interesting challenge. As mentioned earlier in this report, Vensim does not recognise 
matrices as a data entity. For this reason, we need to translate equations 10–14 using 
the Vensim stocks and flows metaphor. This was accomplished by creating a 
symbolic state matrix with row and column intersects based on Vensim stock objects 
(Figure 30).  
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As shown in Figure 30, the second row of stock objects (from the top of the page 
down), is used for calculating changes in ecosystem type area. These are connected by 
blue information flow connectors to the very first row of stocks above that we have 
used as soft variables to define (for each ecosystem type) how individual ecosystem 
type area calculations change for each time step of the model.  
 
As shown in Figure 31, the soft variable graphs used to define changes in ecosystem 
type area have area (in hectares) on their y-axis and system time (t=1:25) on the x-
axis. In the example shown in Figure 30, area for this particular ecosystem remains 
constant for the entire time horizon of the model at approximately 350 hectares. Given 
that both catchment and regional total area are constant, if we increase the total area 
of this ecosystem type during some time intervals, we also need to make a 
corresponding decline in some other ecosystem type. For example, if total 
horticultural land increases by 10 hectares during time steps 10–25, then we would 
most likely need to reduce agricultural land area by 10 hectares during the same time 
period. The ecosystem area calculator outlined above helps ensure that after all the 
adjustments to the ecosystem area have been made, the sum total of these changes 
balances in such a way that we do not exceed total available catchment or regional 
area. We used GIS layers of land use within our study areas to make changes to 
ecosystem type area, which made it possible to see just how much land area was 
available for conversion from agricultural use to horticultural use.  
 

 

Figure 30  The ecosystem services state matrix layout in Vensim created with the use of 
stocks and information flow connectors. 

 
If the total area mix of ecosystem types changes over the time horizon of our model 
then it must follow that our estimates of direct and indirect economic value will also 
change. This is because different ecosystem types provide different amounts of 
ecosystem goods and services. Changes in the mix of ecosystem goods and services 
also results in changes in the total economic value of these services.  
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It is worth commenting at this point on the procedure we use for making changes to 
ecosystem type area over the time horizon of the model. First, we setup and run the 
model based on a given mix of economic sector growth. We then look at the amount 
of growth in the primary sectors in an attempt to identify sectors with growth 
projections that are likely to imply shifts in total mix of ecosystem type. We then try 
to make appropriate area changes to the ecosystem services sub-module. Although 
this is not a very precise science, it is a way by which we can start to explore what 
different economic growth projections might imply in terms of changes to ecosystem 
services within our study areas. To improve estimates of this kind we would need to 
build a spatially explicit model, and even with improved spatial resolution of this 
kind, we would still face the problem of how to estimate future area changes.   
 

 

Figure 31  The ecosystem services state matrix layout in Vensim with one of the soft variable 
windows open.  

 
In Figure 30 the row of stocks used to define ecosystem type area also includes a 
further 17 rows of stocks representing the row and column intersects associated with 
our state matrix [E]. Information about changes in ecosystem area is transferred to the 
17 rows of stocks using Vensim’s blue information connector lines (Figure 31). Each 
of these 17 stocks is used to run calculations for one of the 17 ecosystem services 
listed in Table 8. Based on equation 10, we need two pieces of information to 
calculate the direct or indirect value contribution made by a given ecosystem service. 
First, we need information on ecosystem type area (in hectares), which as described 
above is provided by the first two rows of stock objects, the first of which is a soft 
variable.  
 
Second, we need information on the monetary value ($/hectare/year) for each of the 
17 ecosystem services. This second bit of information is obtained with the help of 
Vensim’s auxiliary variables. Auxiliary variables are visually represented in the 
Vensim workspace as text that shows the auxiliary variable name. In Figure 31, these 
auxiliary variables are linked with a blue information connector to each of the 17 
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ecosystem services stocks. Data for the auxiliary variables are imported into the 
Vensim workspace using the external excel loadfile. These auxiliary variables 
represent the transition matrix described in equation 12. The multiplication of the 
transition matrix [I] by the state matrix [E] occurs in the 17 rows of stock variables. 
This is effectively matrix multiplication. Visually it looks different because the 
Vensim modelling objects require us as model builders to focus attention on 
individual variables rather than entire matrices.   
 
Figures 30–31 show screen photos of that part of the ecosystem services calculator 
sub-module responsible for the estimation of direct values. An identical model object 
structure exists on the same Vensim worksheet for the calculation of indirect values. 
By summing the results of all 19 direct and indirect ecosystem services calculations 
we produce our ecosystem services value estimate (equation 13).  
 
So far in this report section we have focused attention on mathematically describing 
our ecosystem services sub-modules and looking at how this mathematical model has 
been translated into the Vensim stocks and flows framework. We now turn to 
consideration of how this module was developed.  
 

8.3 Model building method 
The steps involved in building our ecosystem services module are depicted in Figure 
32. In the remainder of this report sub-section we provide a explanation of the role of 
each of these steps.  
 

 

Figure 32  A stepwise description of the steps involved in building our ecosystem services 
module. 
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Step 1 – In building this module we drew on data that had been generated as a part of 
previous ecosystem service valuation research project associated with the Nelson and 
Tasman regions (Cole & Patterson 2003). Our data were organised in excel 
spreadsheets so that we had a fully working ecosystem services valuation spreadsheet 
model before we tried to implement this in a Vensim environment. In our early 
ecosystem services valuation work we organised calculations in Table format around 
each individual ecosystem service. Thus, before transferring these data into a Vensim 
model, we had to organise them in matrix format. Having the data organised in row 
and column format made it much easier to import them into Vensim via the excel 
loadfile. 
 
Step 2 – As with previous module development, it was essential to code the 
ecosystem services valuation and ecosystem type data so that every row and column 
intersect (data point) has its own unique variable name. We used the same procedure 
employed in the development of previous modules: cutting and pasting the data 
matrix into a new worksheet and replacing the data with variable names. From here, 
the variable names and variables were cut and pasted into the excel spreadsheet 
loadfile. While a somewhat slow procedure, this approach avoided problems caused 
by incorrectly entering these data by hand. When the data and variable names are cut 
and pasted they have to be right. Having used this procedure to build our excel 
loadfile, we then cut and pasted variable names directly into the Vensim workspace 
while building the ecosystem services valuation model structure. 
 
Step 3 – The very first stage of model construction was limited to the construction of 
the model stocks and soft variables responsible for calculating ecosystem type area. 
The reason for this procedure was to ensure that this part of the model was correctly 
importing area data and reporting correct area measurements for each time step of the 
model. We also built the ecosystem services area calculator at this stage to ensure that 
individual ecosystem type area calculations summed to the appropriate total area of 
our catchment or region. Our figures for total ecosystem type area will differ from the 
total land area of our catchment or regional study area because it does not include 
land use associated with human built environments. Once we were sure our ecosystem 
type area stocks were returning correct individual and total results we were able to 
precede with the next stage of the model construction process.  
 
Step 4 – This involved the construction of the remainder of the ecosystem services 
calculator sub-module.  
 
Step 5 – An important accounting test of the accuracy of our model structure and 
integrity of the data importing processes involved: ensuring that when this sub-
module was run with no changes made to ecosystem type area, the module returned 
direct and indirect value estimates identical to those in our original spreadsheet 
model.  
 
Step 6 – The final stage in the development of this module involved coupling it with 
other modules. The ecosystem services module is coupled to the GPI accounting 
module and we will provide further detail on the exact nature of this coupling in the 
next section of this report.  
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8.4 Assumptions associated with the use of this module 
A detailed discussion of assumptions associated with an ecosystem services valuation 
approach of this kind is contained within contract reports (Patterson & Cole 1997, 
1999a; Cole & Patterson 1998). Below we focus on those key assumptions that are of 
particular importance to the use of the data from these earlier studies within this 
module environment. 
 
Base year of data – the base year of our dynamic GPI accounting model data is 2001. 
The base year of our ecosystem services valuation data is 1997. The 4-year difference 
between these two base years exists because we have not had a suitable research 
opportunity to update the data generated as a part of earlier project work in this area. 
It is for this reason that we have referred to the figures generated by this module as 
conservative estimates. The area measurements associated with ecosystem type are 
based on area estimates provided by the 2001 revision of the Landcover Database.  
 
Valuation method – the economic valuation method we have employed as a 
theoretical underpinning for this module involves the determination of an estimate of 
ecosystem services value composed of two components (i.e. direct and indirect). One 
of the criticisms made of this rapid assessment valuation method is its inability to 
provide any real sense of the sensitivity of ecosystem services value estimates to 
marginal changes in market price or non-market value. This has been one of the 
criticisms leveled at the use of this method in assessing the economic value of global 
ecosystems (Costanza et al. 1997). The other side to this criticism is that valuation at 
the margin involves the collection of substantially more data and therefore greatly 
increases research cost. Therefore, this limitation of our ecosystem services valuation 
method is acknowledged. 
 
Benefit transfer – In publishing the results of our earlier studies in this area we noted 
that it was very difficult obtain data from non-market valuation research conducted 
here in New Zealand. As an alternative to this preferred source of data, we used a 
benefit transfer method and drew on published international non-market valuation 
studies. This approach is not ideal, but necessary in the absence of more suitable data.  
 
Estimation of future changes in ecosystem type area – As noted in this report 
section, it is difficult to predict future change in ecosystem type area with any real 
certainty. Our use of soft variables provides opportunity to explore a range of possible 
options associated with future ecosystem use configurations.   
 
Direct values – We have used sector data generated within our economy environment 
module to provide direct values. However, our economy environment module does 
not provide the resolution needed to extract all direct values. Therefore, in the absence 
of direct value data generated within our dynamic GPI accounting model we have 
used data derived from the published literature. 



121 

9. GPI accounts module 
The genuine progress accounting module is the last to be covered in this report. The 
other parts of our economy environment (futures) models described earlier in this 
report support the accounting work accomplished in this final module. Thus, there is a 
very real sense in which all the varied parts of each spatially specific module come 
together in this accounting module. This raises an important question. Why build an 
economy environment (futures) model around a genuine progress indicator system of 
accounts? There were a number of reasons why we were attracted to the GPI 
accounting approach. 
 
First, at the time the decision was made to include a GPI accounting framework 
within our economy environment (futures) model (version 3), a GPI approach to 
measuring progress was being adopted by Nelson and Tasman Councils. From a 
research perspective, it seemed wise to align the development of our model toward 
that which was of direct relevance to existing local strategic planning practice. 
However, the inclusion of an accounting framework of this kind into our economy 
environment (futures) model meant more than adopting a very new model building 
approach. 
 
To the best of our understanding, a GPI accounting approach of the scale and extent 
we have adopted has not been applied in a futures modelling context before. 
Normally, efforts made to apply the GPI accounting method are done so 
retrospectively, or after-the-fact. But when we thought about it, there seemed no valid 
reason why this accounting approach could not be developed as a scenario-modelling 
tool with an emphasis on looking forward to what might be, rather than back on what 
has been. We raise this point because what is contained in the following pages is an 
attempt to apply a well-developed static GPI accounting method in a new domain of 
application, i.e. futures modelling.  
 
There are also a number of theoretical reasons why we might want to consider 
adopting a GPI accounting method. First, a GPI accounting framework makes it 
possible to measure progress from a much more inclusive perspective, while still 
maintaining the power of a single-dimensional, high-level indicator (i.e. the genuine 
progress indicator). Second, while a single-dimensional indicator of this kind is often 
preferred in a policy setting, the GPI accounts also provide access to the individual 
component indicators of interest to communities and business clusters. Thus, adopting 
a GPI approach makes it possible to explore progress across a much broader base of 
social, environmental and economic key indicators.  
 
Finally, a genuine progress indicator method is well grounded in welfare economics 
theory (Ng Y 2004). This method of accounting has emerged in response to well-
known failings of our current economic growth model to deliver on the broader goals 
implicit in a ‘genuine’ future. For this reason, the GPI method can be successfully 
applied in any market-based economic context. This is an important strength because 
the problems this new accounting method addresses are present in most modern 
democracies and vary from one place to another only in their intensity. This is an 
important point because in choosing to use this system of indicators, we know we are 
putting effort into something that will help us measure the intensity of a problem that 
exists but, because of its complex nature, is very poorly studied.   
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In the international published literature on development of theory related to the use of 
a GPI accounting approach, some researchers have expressed concern about the 
adequacy of measuring changes in economic, ecological, social and cultural capital 
using money as unit of account. Concern about the adequacy of market pricing as a 
metric for the measurement of capital is a question that has preoccupied the thinking 
of economic theorists for a very long time (Patterson 1998). We believe that these are 
valid concerns when applied to the GPI accounting method. However, it is important 
not to overlook the need to develop appropriate tools for use in different contexts. In 
other futures-related sustainability research we have undertaken in a differing cultural 
context, reliance on the use of monetary valuation would be culturally inappropriate 
(Cole, 2006, 2009). We need different tools to address problems in different contexts 
and our use of a GPI accounting approach in the Nelson Tasman regions falls into this 
category.  
 
In our economy environment (futures) model implementation of a GPI accounting 
framework we have adopted a monetary GPI accounting method because in the policy 
context in which we are working it is very helpful to be able to express things in 
dollar terms. However, it is important to note that our economy environment (futures) 
models also provide a wealth of information on system well-being through the 
calculation of demographic, social and environmental indicators that do not use a 
monetary unit of account. We believe one of the benefits of a modelling approach of 
this kind is that it provides a theoretically sound framework for integrating, storing 
and making use of both financial and non-financial data. In the remainder of this 
report section we focus on a monetary way of seeing the world. However, this focus is 
not intended to imply or promote a reliance on an indicator approach of this kind.  
 

9.1 The organisation of this report section 
What we refer to as the ‘GPI accounts module’ is in fact a series of sub-modules 
designed to make monetary accounting adjustments to income adjusted consumption 
GDP. The GPI worksheet is the place or mathematical workspace (within the model) 
where the calculation of a genuine progress indicator occurs. Thus, it is not possible to 
appreciate fully the figures that make up the individual entries in the GPI worksheet 
without understanding how each sub-module works. To understand this, it is also 
necessary to understand how the other economic, demographic and environmental 
parts of our economy environment (futures) models work. For this reason we have 
brought together a technical commentary on our economy environment (futures) 
models in one volume. So far in this report, we have theoretically, mathematically and 
conceptually defined the foundation on which it is now possible to describe the 
various parts of the GPI module. 
 
Given this interdependency between the earlier sections of this report and the present 
one, we need to make a few changes to the way we organise the material presented in 
the remainder of this report section. This change is necessary because the design of 
the GPI accounting module is distinctly different from previous modules we have 
described. The main difference is that the GPI module is composed of 26 sets of 
accounting adjustments, most of which are performed within their own sub-module. 
Thus, if we continued to write and describe these sub-modules using the approach 
adopted earlier in this report it could potentially take hundreds of pages. The GPI 
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accounting method we have adopted is already well established in the literature. For 
this reason, we have not attempted to repeat an in-depth discussion of theory. Instead, 
we have focused on our adaptation of this well-established theory to a futures 
modelling application of the kind we are seeking to develop.  
 
Therefore, we have not included in each sub-section a commentary on the method of 
model building because we feel the stepwise methods we have used in model 
development, organising data, translating theory into modelling metaphor, and 
establishing accounting checkpoints, etc., are by now well established in this report. 
In terms of model building method, the development of the GPI module has not 
included anything that is not already well explained and documented in earlier report 
sections. 
 
Second, it is necessary to understand the relevance of our GPI method at two different 
levels – individual sub-modules and the GPI worksheet. Therefore, we have organised 
this final report section, in sequential order, around the various accounting 
adjustments made in our GPI worksheet. Thus, in reading this report section from 
beginning to end the reader will be given a sequential and systematic commentary on 
how to interpret the GPI worksheet (Table 10 35).  
 
Third, to explain the role played by each sub-module in the GPI worksheet, we have 
added to the mathematical explanation of each sub-module an explanation of its role 
as an accounting adjustment. This explanation is intended to show how each 
accounting adjustment or sub-module contributes theoretically and mathematically to 
the overall workings of the GPI worksheet. This is about as close as we get to a more 
detailed theoretical treatment of GPI method. 
 
Finally, in previous parts of this report we have given relatively little attention to 
model data because the data we have used are published elsewhere, along with 
commentary on how they were prepared. This is not the case with most of the data 
used in the GPI accounts. For this reason, we need to pay more attention to explaining 
where data comes from and how they were prepared for inclusion in our GPI module. 
 
Given the above priorities, we have organised the material in the remainder of this 
report section around two natural parts. First, we introduce the GPI worksheet and 
explain how the genuine progress indicator generated by our GPI accounts is derived 
from consumption GDP through the use of a series of accounting adjustments.  
 
Second, we focus on each of the individual sub-modules and explain (i) what role this 
module plays, (ii) how the data we have used were derived, (iii) how the sub-module 
works, along with (iv) an outline of key assumptions. Our emphasis is not to explain 
what a GPI is and how it is calculated – this is already well established in the 
scientific literature – but to focus attention on how we have adapted a static 
accounting tool for use in a futures modelling context. To help contain the size of this 
report section we have not included model results in this discussion, which focuses 
instead on understanding technical design and function of this GPI module and its 
component sub-modules.  
                                                
35  Table 10 provides a visual representation that theoretically and mathematically matches the 

symbolic layout of the GPI worksheet within our dynamic GPI module. We have not included a 
screen photo of this sub-module because it is so large that very little meaningful detail can be seen. 
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9.1.1 An important note about context 
Our aim in building this GPI module was to take the first steps necessary to translate 
the theory of GPI accounting into a futures modelling context with the creation of a 
working prototype model. We believe we have been successful in achieving this goal. 
However, while this is an important experimental achievement (in scientific terms), 
this does not necessarily mean this completed model is now ready to make equally 
significant contributions in a planning and policy context. There are two important 
points to consider in relation to how we use this module and indeed the dynamic GPI 
accounting model entire. 
 
First, a working prototype is exactly what the name implies. It is but the first stage in 
a long process of innovation and model development. As such, this GPI module is an 
important – but incomplete – step. However, the significance of this first step should 
not be lost sight of when evaluating the characteristics and design of this module. GPI 
accounting method is well grounded in theory and its application in a policy context 
continues to grow in terms of uptake and popularity internationally. The ability to 
apply this well-established static method in a dynamic modelling context is an 
important development. Further funding, research and innovation will contribute to 
the improvement of this first step. 
 
Second, in the natural stages of an innovation pathway, the real world testing of a new 
prototype is a research project in its own right and is typically associated with a 
corrective feedback process that refines the prototype. What we outline in the 
remaining pages of this report section has not yet benefited from a real-world testing 
process of this kind. Instead, our current focus is on seeking to establish the validity of 
this first step so that we can then use this tool to start to explore what an accounting 
approach of this kind can contribute in terms of the progress we are making towards 
current sustainability goals. The successful achievement of the validation step 
outlined in this report will, it is hoped, open the door to further research funding and 
stakeholder interest in the real-world testing of this tool. 
 

9.2 The GPI worksheet 
The various sub-modules of our GPI accounting module calculate adjustments that are 
reported to a Vensim worksheet we have created using symbolic objects so that it 
looks similar to the GPI worksheet shown in Table 10. The GPI worksheet portrayed 
in Table 10 shows the accounting adjustments made to the consumption GDP 
generated within our model in order to estimate a genuine progress indicator (GPI). 
This accounting procedure is based on the GPI accounting methods published by the 
Pembina Institute (Anielski et al. 2001). With the exception of some environmental 
costs, we have closely followed this published method. Exceptions in environmental 
costs are due to differing case study contexts.  
 
The environmental adjustments made with the published set of GPI accounts 
(Anielski et al. 2001) on which we have based our GPI module are strongly related to 
the Canadian ecosystem context in which this GPI was created. This context, based 
strongly around commercial forestry, concerns about soil erosion, continued wetland 
loss and soil salinisation is not ideally suited to our New Zealand context. For this 
reason we have chosen to employ a set of environmental indicators that are better 
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suited to the environmental and legislative context in which we are working. Our 
environment indicator set has some similarities with the Canadian research on which 
we are building, but is better focused on local concerns including: non-renewable 
natural resource use, loss of ecosystem goods and services, direct and indirect 
greenhouse gas emissions, water pollution and indirect contributions to non-
renewable energy. These environmental indicators are all of direct relevance to 
regional councils under the legislative jurisdiction of the Resource Management Act 
(1991) and (2002) amendments to the Local Government Act.  
 

Table 10  A visual representation of our GPI worksheet. 
Item Description of accounting adjustment Amount ($NZ) 

1 Personal consumption expenditures GDP 
      
2 Expenditure adjustments   

2.1 Consumption expenditures adjusted for income distribution Subtract 
2.2 Non-defensive government expenditures Add 
2.3 Value of services of consumer durables Add 
2.4 Value of public infrastructure services Add 
2.5 Net capital investment Subtract 
2.6 Cost of household and personal debt servicing Subtract 

      
3 Unpaid work adjustments   

3.1 Value of housework Add 
3.2 Value of parenting and eldercare Add 
3.3 Value of volunteer work Add 
3.4 Value of free time Add 

      
4 Adjustments for social costs   

4.1 Cost of consumer durables Subtract 
4.2 Cost of unemployment and underemployment Subtract 
4.3 Cost of auto crashes Subtract 
4.4 Cost of commuting Subtract 
4.5 Cost of crime Subtract 
4.6 Cost of family breakdown Subtract 
4.7 Cost of suicide Subtract 
4.8 Cost of gambling Subtract 

      
5 Adjustments for environmental costs   

5.1 Cost of non-renewable resource use Subtract 
5.2 Provision of local ecosystem goods and services Add 
5.3 Energy direct CO2 pollution Subtract 
5.4 Energy direct N20 pollution Subtract 
5.5 Energy direct CH4 pollution Subtract 
5.6 Energy indirect CO2 equivalent pollution Subtract 
5.7 Cost of indirect water discharge Subtract 
5.8 Cost of indirect non-renewable energy use Subtract 

      
  Genuine progress indicator GPI 
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To understand how the GPI worksheet shown in Table 10 works, we first focus 
attention at the top right hand corner of the worksheet. The very first entry in the 3rd 
column of Table 10, headed Amount ($NZ), is the assessment of economic growth 
activity to which we are seeking to make adjustments by using our GPI accounting 
worksheet. In the case of our current economy environment (futures) model, this 
would be the estimation of regional GDP or catchment scale GDP. In our 
implementation of this worksheet within Vensim, the data for regional GDP and 
catchment GDP are generated within the GDP calculator sub-module of the economy 
environment module and described within sub-section 5.2.5 of this report. As noted 
within section 5 of this report, the GDP we use within this GPI accounting procedure 
is a consumption GDP and not a production GDP:  
 

The GPI income statement begins with gross personal consumption expenditures by 
households, because it is the economic well-being of the households of the nation 
with which we are concerned, including the unaccounted benefits and social and 
environmental costs that affect welfare (Anielski et al. 2001, p. 31). 

 
Our estimates of consumption GDP are derived from economic data contained in the 
Input Output Tables we have used as the basis of our economy environment model. 
Table 11 provides a list of the appropriate final demand sectors (columns) and 
industry rows of our Input Output Table that have been used to estimate our 
consumption GDP. In standard economic theory, all other things being equal, 
production and consumption should balance. Unfortunately, this does not mean that 
we can deduce consumption GDP from the production GDP of a local economy. The 
reason for this apparent inconsistency is because not all that is produced locally is 
consumed locally – some is exported. This is an important point, because the exported 
portion of what is produced locally is not counted in consumption GDP. This is 
because it contributes to consumption activities that benefit human well-being outside 
our study area. Though not explicitly stated in its name, a GPI is spatially defined in 
the same way that gross domestic or national product is.  
 

Table 11  Final demand sectors by industries used in the estimation of a consumption GDP 
for our GPI worksheet and taken from our IO Table. 

ANZSIC code Final demand sector name Industry sector (rows) 
49 Households 1–56 
50 Institutions serving households 1–56 
51 Central government Non-defensive expenditure only 
52 Local government Non-defensive expenditure only 
53 Gross fixed capital formation 1–56 

 
As Table 11 clearly shows, our consumption GDP is estimated from 5 different 
sectors in the final demand end of our IO Tables. Two of these sectors, Central 
government and Local government, also contribute towards human well-being in the 
local community; however, we first need to remove defence spending so that the 
inclusion of this contribution to local consumption only includes non-defensive 
expenditures. For the other three final demand sectors we have suggested in column 3 
of Table 11 that we sum rows 1–56 of the IO Table to estimate total consumption 
spending. However, note that not all these rows have non-zero values in them. It is 
important that we sum the values in this entire column so as to include spending on 
imported goods and services (rows 55–56).  
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Once we have estimated a local consumption GDP it is possible to start making the 
accounting adjustments needed to estimate a local GPI. As shown in Table 10, four 
main types of accounting adjustments need to be made (expenditure, unpaid work, 
social and ecological/environmental). As is shown in column 3 of Table 10, not all 
these adjustments result in subtractions from our consumption GDP. In some cases it 
is also necessary to add things that have been omitted. The adjusted GDP or genuine 
progress indicator can be calculated once all these monetary accounting, work-related, 
social and environmental adjustments have been made. The mathematical logic 
associated with the addition and subtraction calculations performed in the GPI 
worksheet is easy to understand and could be performed with the aid of pencil, paper 
and a hand-held calculator. Calculating each of the adjustments is a slightly different 
matter. We now consider this problem. 
 

9.3 Explanation of GPI accounting by sub-module 
The aim of this last sub-section of our report is to provide a detailed explanation of 
how the various accounting adjustments used in our GPI worksheet are calculated. In 
this final section we work systematically through each set of adjustments in the 
numerical order in which they are listed in column 1 of Table 1. Therefore, we begin 
with standard accounting adjustments that need to extract more effectively the annual 
welfare component of private and public expenditures.  
 

9.3.1 Accounting adjustments 
While our consumption GDP counts all consumption expenditure that contributes to 
human well-being, not all this money contributes to direct improvements in human 
well-being within the year of purchase. We can adjust for this problem with the aid of 
standard accounting methods used to depreciate goods and services. Some 
consumption expenditure also goes towards debt servicing, the interest cost of which 
has no immediate human well-being benefit. We can adjust for this problem by 
calculating this interest total and removing it from the consumption GDP. Not all 
income used for consumption expenditure is equally distributed across the population. 
Therefore the well-being of some individuals cannot be improved no matter how 
much GDP increases because they do not receive a fair share of societal wealth that 
they can use to spend according to their economic preferences. We can adjust for this 
problem with standard accounting income distribution adjustments generated with 
mathematical methods used to calculate a Gini Coefficient. We start our consideration 
of the sub-modules needed to perform these ‘accounting’ calculations by focusing 
attention first on the problem of income distribution. 
 
(a) The income distribution sub-module (Table 10, item 2.1) 
Growth in consumption GDP does not benefit all members of society equally. This is 
because of the uneven manner in which income is distributed across society. Some 
individuals have the capacity to earn substantial amounts of money, well beyond their 
direct well-being needs. Others struggle to earn enough to cover their most basic 
welfare needs. How to solve this income distribution problem has preoccupied the 
minds of some of our best economic theorists. The capitalist model of market 
economics has gone some way towards addressing the income distribution problem 
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by giving to all members of society the freedom to earn an income, privately own the 
means of the production (a business of some kind), and generate profits.  
 
Unfortunately, the financial/educational/social/cultural starting points that are the 
basis for rewarding industry and hard work in a free-market economic model are not 
situated on a level playing field. Other types of income anomalies also exist. Some 
who are employed in business activities that generate high ecological and or social 
externalities, e.g., oil exploration, tobacco manufacturing, are able to earn high 
incomes by selling products that produce long-term harm. Others who work long 
hours, often under stress, in essential industries on which the well-being of society 
depends, e.g., nurses, educators, seem to be paid relatively little. We aim to use this 
sub-module to adjust total consumption GDP for inequalities in income distribution 
across the population as defined by our 5-yr age cohort demographic model (Item 2.1, 
Table 10). 
 
The mathematical method we have adapted to estimate a coefficient of income 
distribution for our study areas is the Gini Coefficient. Because this method needed to 
be fully implemented within the Vensim workspace environment, we needed to find a 
mathematical implementation of the Gini Coefficient calculation in a table-based 
format that could be appropriately coded and then imported into our Vensim 
workspace using the excel loadfile. We have used a tabled-based implementation of 
this quite standard mathematical procedure described in an issue of the 
Epidemiological Bulletin of the Pan American Health Organization (Castillo-Salgado 
et al. 2001). This method was applied within this journal to look at infant mortality 
distribution across national incomes as measured by GDP. We have applied the same 
method to look at the distribution of average weekly income, in the Nelson Tasman 
regions and Motueka catchment across the population as measured by 5-yr age cohort.  
 
There are a number of mathematical equations used to describe the calculation of a 
Gini Coefficient. We have used a standard, algebraic form of this equation as shown 
below and adapted to the income distribution problem we are exploring (equation 15). 
 

€ 

G =1− Yi+1 +Yi( ) Xi+1 − Xi( )
i=0

k− i

∑                (15) 

 
Where 
 
Y is the cumulative proportion of average weekly income per 5-yr age cohort 
X is the cumulative proportion of the population receiving a given weekly 

income by 5yr age cohort 
G is the Gini Coefficient 
 
The solution of equation 15 for a given dataset will produce a Gini Coefficient [G] of 
value between 0 and 1. A coefficient of 0 represents perfect equality and a coefficient 
of 1 represents total inequality. To help make the application of this equation more 
meaningful we have provided a worked example using 1998 average weekly income 
data for the Nelson Tasman regions organised by 5-yr age cohort. The results of 
processing income (Y) and population (X) data are shown in Table 12 with the 
resultant Gini Coefficient located in row 13 of column 9.  
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Table 12  Income (Y) and population (X) data associated with an implementation of 
equation 15 using data for the Nelson Tasman regions (1998). 

1998 
(Y) 

1998 
(Y%) 

1998  
(Cuml Y%) 1998 (X) 

1998 
(X%) 

1998 
(Cum X%) 

(Y%-
X%) 

Cuml  
Y% * X% 

491 0.12 0.12 10,900 0.085 0.085 0.0373 0.010 
478 0.12 0.25 14,000 0.110 0.171 0.0098 0.027 
467 0.12 0.36 11,000 0.086 0.280 0.0306 0.031 
433 0.11 0.48 12,500 0.098 0.366 0.0103 0.047 
420 0.10 0.59 11,300 0.088 0.464 0.0165 0.052 
404 0.10 0.69 13,900 0.109 0.552 0.0078 0.076 
353 0.09 0.80 9,100 0.071 0.661 0.0170 0.057 
347 0.09 0.88 8,600 0.067 0.732 0.0194 0.059 
283 0.07 0.97 6,500 0.051 0.800 0.0198 0.049 
233 0.06 1.04 18,300 0.143 0.851 0.0849 0.149 
93 0.02 1.10 11,700 0.092 0.994 0.0683 0.101 

4002 1 7.29 127,800 1 1.085 0.3221 0.659 
 
To provide a more visual representation of the data contained in Table 12 we have 
plotted columns 3 and 6 of the data contained in this Table in graph form (Figure 33). 
The linear black diagonal line theoretically represents a Gini Coefficient of zero. This 
line symbolises an even and equal distribution of income across all age classes.  
 

 

Figure 33  Cumulative Y% by cumulative X%, with data derived from equation 15 for the 
Nelson Tasman regions (1998). 

 
The blue curved line with data points represents the plotting of our model data derived 
from columns 3 and 6 of Table 12. This blue line mathematically and more visually 
shows how the actual weekly income distribution for the Nelson Tasman regions 
departs from the idea Gini Coefficient of zero. It represents a Gini coefficient of 
0.659, indicating a quite high level of income distribution inequality. 
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The implementation of the mathematical method described above is required inside 
Vensim so that this sub-module is able to calculate a Gini Coefficient for each time 
step of the model. We were able to obtain average weekly income data by 5-yr age 
cohort for the Nelson Tasman region (combined) for the years 1998–2007. The data 
were obtained from the Statistics New Zealand website using Table Builder and are 
sourced from annual household sample surveys. Unfortunately, individual region or 
catchment scale data were not available. Our estimation of income distribution 
therefore assumes we can view the two regions as whole. We also assume it is 
possible to use these same data for the Motueka catchment.  
 
Population data for this sub-module at 5-yr age cohort resolution were obtained by 
coupling this sub-module to the appropriate regional- or catchment-scale demographic 
module. While we do not have regional- or catchment-scale income data, we are able 
to obtain accurate yearly age specific population data. This means the age structure to 
which this average weekly income data are applied is quite accurate and subject to the 
demographic assumptions stated earlier in this report. 
 
An outstanding question is just how the 2001 base year average wage data are updated 
within the model year-by-year as a scenario is run. We could couple the growth of 
wages to economic growth within the model, although the exact nature of the 
relationship between percentage increase in economic growth and percentage increase 
in wage growth is a complicated one affected, ultimately, by both supply and demand 
forces.  
 

 

Figure 34  The income distribution sub-module within Vensim. 
 
Since we do not have a pricing module in our futures modules the only other method 
of determination is an educated guess. For this reason we have linked the growth of 
wages in this module to a soft variable that generates percentage increase per 5-yr age 
cohort with respect to time. The first 6 years of this soft variable have been calibrated 
using actual age-specific average weekly wage data. We have continued this trend 
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between 2007 and 2025 as a business-as-usual scenario. It is possible to also create 
upper and lower growth projections by adjusting the shape of the soft variable graph. 
In terms of working assumptions this is clearly an approximation of a much more 
complex reality. 
 
The implementation of our Gini Coefficient solution method inside of Vensim is 
shown in Figure 34. The columns of stock variables represent rows of 5yr age cohort 
data. The structure to the left of Figure 34 is responsible for calculating the data 
contained in columns 1–3 of Table 12. The structure to the right of Figure 34 is 
responsible for calculating the data contained in columns 4-8 of Table 12. The Gini 
Coefficient generated during each time step of the GPI module is instantly reported to 
the GPI worksheet, where it is used to adjust the consumption GDP for uneven 
income distribution.  
 
However, it is important to note that this is an income adjustment and not an 
expenditure adjustment; therefore it must not be directly applied to total consumption 
GDP. Instead, it should be applied to total income calculated at every time step of the 
model. We could derive total income data from our income distribution sub-module 
or from the data contained with the structure of the Input Output Table used as a basis 
of our economic state matrix [S]. The row of data in the IO Table we are particularly 
interested in contains data on annual inputs of salaries and wages to each sector of the 
economy. This row vector [CE] is so abbreviated because it stands for compensation 
of employees and is located in row 49 of the Input Output Table, also within the 
‘primary inputs matrix’ [E] of Figure 21, sub-section 5.2.6 of this report. 
 
By summing this row vector at the end of each time step of the model we obtain an 
annual estimate of total compensation of employees that grows in accordance with 
total economic growth. To make our income distribution adjustment for each time 
step of the model we multiply total compensation of employees by the Gini 
Coefficient for a given time step (t=n) of the model (equation 16). 
 

€ 

IA = (CE *G)( t=n )                (16) 
 
Where 
 
IA   is the income distribution adjustment ($/year) 
CE  is the sum total the compensation of employees row vector ($/year) 
G  is the Gini Coefficient 
 
The value of the variable [IA] at each time step of the model needs to be subtracted 
from our initial estimate of consumption GDP. What this monetary adjustment does is 
remove from our consumption GDP the portion of money earned within the last year 
(or the last time step of the model) that was not evenly distributed across the entire 
population and therefore was not available to be spent in a manner that improved the 
welfare of all members of the community. The Gini Coefficient method is a standard 
mathematical method for dealing with inequality problems and assumed by other GPI 
researchers to be an appropriate tool for making an accounting adjustment of this 
kind. 
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(b)  The non-defensive government expenditures sub-module (Table 10, item 
2.2) 

Not all categories of local and central government expenditure work to directly 
improve the welfare of community members within the year it is spent. In this sub-
module we are particularly concerned with the removal of defensive expenditures 
from the annual local and central government expenditure within our study regions 
and catchment. Defensive expenditures include more than just investment in armed 
forces to play the important role of border protection. Defensive expenditure is a term 
used by GPI researchers (generally), to include the investment of money to maintain 
an existing state or condition of well-being, without substantially improving it. This 
definition is broad and can be used as a basis to include a number of different expense 
categories:  

 
We also include an estimate of the value of public expenditures that represent genuine 
investments in improved economic well-being of the nation or province and exclude so-
called defensive expenditures that were made to mitigate regrettable damage to human, 
social and natural capital (Anielski et al. 2001, p. 31). 

 
In estimating government defensive expenditures we have taken the sum of the 
Central Government and Local Government expenditure columns from the final 
demand end of our Input Output Table and then subtracted the expenditure categories 
shown in Table 13. By using data from the Input Output Table in this manner we 
work within the logic of this economic dataset and remain subject to all the 
assumptions that govern its use. In particular, we assume these figures are demand 
driven (by population change), are unable to change structurally in terms of the 
expenditure mix, and are themselves part of a model entity that attempts to represent 
mathematically a more complex reality.  
 
It is important to note that the categories reported in Table 13 are organised according 
to the Nelson Economic Development Agency REDs system of industry 
classification. These categories of expenditure contribute to maintaining existing 
infrastructural assets along with public health, while providing adequate finance and 
insurance cover to protect central and local government service delivery. We assume 
these categories are representative of defensive rather than comprehensive 
expenditure. Further investment in field research would improve the coverage and 
resolution of this data. There are a couple of obvious omissions from this list. First, 
we have not included law enforcement expenditures because this class of government 
expense is dealt with in another part of the GPI worksheet (i.e. Social). Because there 
are no military bases or activities within our study areas we have not included 
spending on Armed Forces.  
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Figure 35  The defensive expenditure sub-module used to make adjustments to total local and 
central government expenditure. 

 

Table 13  Defensive expenditure categories removed from central government expenditure 
based on our input-output table. 

REDs column reference Defensive expenditure REDs Industry row number 
Central government (final demand) Engineering cluster Row 5, economic state matrix [S] 
Central government (final demand) Finance and insurance Row 6, economic state matrix [S] 
Central government (final demand) Health sector Row 8, economic state matrix [S] 
 
The removal of these defense expenditures from total central and local government 
expenditure is achieved by: (i) calculating the sum of these defensive expenditures 
(during each time step of the model), and (ii) subtracting them from total government 
expenditure for the same period. These are simple addition and subtraction 
calculations that can be accomplished with standard stocks and flows objects inside 
Vensim (Figure 34). 
 
The stock objects portrayed in Figure 35 perform three main functions. The top row 
of stocks is responsible for estimating total government expenditure related to law 
enforcement activities within our three study areas. This is a type of defensive 
expenditure; however, it is removed during another adjustment to our GPI worksheet 
explained later in this report. For this reason we will not consider this further here. 
Row 2 of the stock variables portrayed in Figure 35 is responsible for calculating total 
central and local government expenditure for each time step of the model. Row 3 of 
the stocks portrayed in Figure 35 is responsible for calculating non-defensive 
expenditure (equation 17) during a given time step (t=n) of the model. 
 

€ 

NDE = (TGE −DE)(t=n )             (17) 
 
Where 
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NDE  is total non-defensive government expenditure 
TGE  is total government expenditure 
DE  is total defensive expenditure (excluding law enforcement) 
 
Once an estimate of non-defensive expenditure has been calculated it is then reported 
to the GPI worksheet where it is added as a contribution to local human wellbeing. 
 
(c) The consumer durables sub-module (Table 10, item 2.3) 
Durable items purchased by consumers to enhance their personal, family or wider 
community well-being are not (usually) entirely consumed within the year of 
purchase. In estimates of GDP, the total value derived from expenditure on consumer 
durables is accounted for within the year of purchase. In GPI calculations the money 
spent on capital items is a cost, and the value of the service they provide year after 
year is a benefit. This applies both to private capital items and to public infrastructure 
such as highways, which we deal with later.  
 
Therefore, we need to treat consumer durables as any other form of asset by applying 
standard accounting rules for depreciation. We have developed the following method 
for estimating annual depreciation of consumer durables. To help us calculate an 
estimate for consumer durables we obtained data on typical weekly household 
expenditure from the Statistics New Zealand website using Table Builder. These data 
are based on the annual household survey data collected by Statistics New Zealand. 
Unfortunately, they are not available at regional and or catchment scale. Instead, they 
have been categorised according to major urban centres (Auckland, Wellington, 
Canterbury), rest-of-north and rest-of-south Island spatial areas. We have used the 
rest-of-south island data and applied these in our calculations to the Nelson, Tasman 
and Motueka parts of this sub-module, assuming these rest-of-south Island data will 
provide a useful starting point for our model building work. 
 
The Statistics New Zealand data on household expenditure provide a detailed 
categorisation of how this money is spent (63 expenditure categories). These figures 
are averages and intended to provide an example of typical household spend within 
the defined study area. We analysed all these expenses and discovered that the 
average consumer typically spends about 7% of their weekly expenditure on 
consumer durables. We obtained this estimate by extracting all the categories of 
consumer durables from total weekly household spend, summing this total expense 
and then calculating it as a percentage of the total weekly household spend. This is 
helpful information that provides our first step in trying to estimate depreciation for 
consumer durables. We now know that approximately 7% of household expenditure, 
as reported by this final demand category in our economic state matrix for every time 
step of the model, involves the purchase of consumer durables. Based on the Statistics 
New Zealand data that we have been using, we also now know what typical categories 
of durables consumers are purchasing (Table 14). 
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Table 14  A list of consumer durable categories typically associated with weekly household 
spending along with the amount (%) of weekly expenditure spent on each category 
and IRD depreciation rates. 

Consumer durable category % of CD spend IRD Dep. Rates 
Furniture, furnishings and floor coverings 13.15 21.9 
Household appliances 11.00 21.6 
Glassware, tableware and household utensils 3.00 49.0 
Tools and equipment for house and garden 6.77 49.0 
Purchase of vehicles 40.69 21.6 
Audio-visual and computing equipment 10.38 36.0 
Other recreational equipment and supplies 15.00 49.0 
Column total 100.00  - 
 
 

 

Figure 36  The consumer durables sub-module. 
 
We used standard (straight-line + 20%), IRD depreciation tables for the year 2001, to 
provide depreciation rates that are used with these types of asset categories. We 
assume that over the time horizon of the model, these depreciation rates remain 
broadly applicable. Of course, the main factor that would change depreciation rates 
would be significant shifts in technological innovation that sees a greatly superior 
product on the market. In Table 14, we have all the information we need to estimate 
the value of consumer durables. Our implementation of this new sub-module is shown 
in Figure 35 and described below. 
 
Steps involved in estimating the value of consumer durables involves a series of 
sequential mathematical operations that are portrayed visually in Figure 36. In the 
first row of Vensim stock objects we calculate 7% of total household spend, as 
derived from this final demand category in our economic state matrix [S] for every 
time step of the model. The variable that reports the 7% value is derived from a soft 
variable located in the centre of Figure 36, just below the first row of stock variables. 
The use of a soft variable means that, based on prevailing economic conditions or 
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improved field data, it is possible to make adjustments to this percentage over the 
term of the model. These adjustments must be made manually. 
 
Rows 2–8 of Vensim stock variables (Figure 36) are responsible for two separate 
calculations. First, the total household budget for consumer durables is divided among 
the expense categories of Table 14, based on the percentage allocations of row 2 of 
Table 14. Second, depreciation rates are then applied. This sub-module reports two 
different values for consumer durables during each time step of the model to the GPI 
worksheet: first, the total amount of household expenditure spent on consumer 
durables [CDE] needs to be subtracted from the GPI worksheet; second, the real value 
of consumer durables consumed within the appropriate year of the model needs to be 
added into the GPI worksheet.  
 
(d)  The public infrastructure services sub-module (Table 10, item 2.4) 
The investment of funds into public infrastructure services by central and local 
government is subject to depreciation calculations in the same way as consumer 
durables.  
 

 

Figure 37  The sub-module responsible for calculating the depreciation of fixed capital. 
 
Once again, the input-output table we have used as a basis of our economic state 
matrix [S] contains an ANZSIC final demand category called ‘gross fixed capital 
formation’. This column vector contains monetary data on fixed capital investment for 
each industry sector in our 48-sector model of the economy. We used this ANZSIC 
data and coding initially to determine appropriate IRD depreciation rates but quickly 
discovered that a standard fixed capital depreciation rate of 2.5% can be applied to the 
sum total of annual investment in this area. The calculations performed by this sub-
module are relatively simple and visually illustrated in Figure 37. 
 
In the first row of Vensim stock variables shown in Figure 37, the total monetary 
value of fixed capital investment for a given time step of this sub-module (t=n) is 
defined. These data are derived directly from the gross fixed capital formation final 
demand vector of our economic state matrix [S]. In row 2 of the Vensim stock 
variables shown in Figure 37, the gross fixed-capital formation total annual data are 
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multiplied by the IRD fixed capital depreciation rate (2.5%). The portion of total 
gross fixed-capital formation depreciated within a given time step of the model is 
reported and added directly to the GPI worksheet.  
 
As we push these data into the future we assume that: (i) all the assumptions 
associated with the use of Input Output Table data apply; (ii) there is no reason to 
change the current capital depreciation rate; and (iii) this depreciation method 
represents an adequate real world estimate of actual public benefit received from 
annual investment in fix capital. 
 
(e)  Net capital investment sub-module (Table 10, item 2.6) 
In the value of public infrastructure services sub-module, we depreciated total gross 
fixed capital formation and added this depreciated amount to the GPI worksheet. This 
is appropriate because not all that is annually invested in gross fixed capital formation 
is consumed during the same period. In this sub-module we need to make a further 
adjustment to gross fixed capital investment by subtracting from the GPI worksheet 
total annual gross fixed capital investment. The reason for this subtraction is because 
total annual investment in gross fixed capital formation is initially included in the 
calculation of consumption GDP. This sub-module is responsible for summing all the 
row elements of the gross fixed capital formation vector located in the final demand 
end of the economic state matrix [S]. This operation is performed during each time 
step. The product of this mathematical operation is reported to: (i) the value of public 
infrastructure services sub-module, and (ii) to the GPI worksheet and to the (iii) GDP 
calculation sub-module. 
 
(f)  Household and personal debt servicing sub-module (Table 10, item 2.6) 
Money used for debt servicing cannot be used to purchase improvements in human 
well-being.  

 
Virtually all money in our current debt-interest-based system is created in the form of 
debt with little or no relationship to living capital management. Thus, the GPI 
accounting system treats interest payments on cumulative debt of households as a 
regrettable cost to genuine well-being and also as a hindrance to sustainability 
objectives. No other GPI accounting research has considered the nature of money 
creation and household debt in this manner, although both the U.S. and Australian GPI 
workers regard net foreign borrowing as a cost to national well-being (Anielski et al. 
2001, p. 30). 

 
As indicated above, we need to remove the debt component of household 
expenditures we have summed into one (Table 11) total as a part of our earlier 
consumption GDP calculations. One of the industry expenditure categories for 
households in the final demand section of the economy is ‘finance and insurance’, 
which includes payments made by households to these industries. One approach to 
estimating the annual debt payments made by households would be to separate the 
finance component so that we could estimate the debt36 component associated with 
this industry transaction in our economic state matrix [S] for each time step of the 
model.  
 

                                                
36  Based on standard finance company interest rates ca. 19.5%. 
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While this method would work, a problem with it is that what Anielski et al. (2001, p. 
30) describe as a ‘regrettable cost to genuine well-being’ is also a defensive 
expenditure. So far we have made an adjustment for government defensive 
expenditure and now it is necessary to do the same for household expenditure in these 
two areas. Therefore, in this sub-module we report the expenditure of households to 
the ‘finance and insurance’ industries to the GPI worksheet where this total is 
subtracted from our GPI calculations.  
 
We here assume that our definition of debt is confined to finance company 
transactions. This is probably an underestimate. For example, the late return of library 
books will incur a fine that is a form of debt, and the same applies for the late 
payment of accounts for most things we purchase. We have also not dealt with debt 
associated with the housing market, although a portion of this will no doubt be tied up 
in finance companies. There is also the more difficult category of debt tied up with 
transactions on financial markets. These are all much more difficult to estimate and 
must for the meantime remain beyond the scope of this current study. 
 

9.3.2 Unpaid work adjustments 
While our consumption GDP counts all consumption expenditure that contributes to 
human wellbeing, it does not fully reflect the contributions made to human wellbeing 
as a result of unpaid work.  
 

The next step is to add the estimated monetary value of unpaid work, the value of 
services (less depreciation) of public and private infrastructure, and the value of net 
capital formation (growth in capital stock per worker). For example, in 1999, the value 
of unpaid work was estimated at $39.8 billion (1998 dollars) or 35.4 percent of 
Alberta’s GDP ($109.7 billion). We also include an estimate of the value of public 
expenditures that represent genuine investments in improved economic well-being of 
the nation or province and exclude so-called defensive expenditures that were made to 
mitigate regrettable damage to human, social and natural capital (Anielski et al. 2001, 
p. 31). 

 
Following the method employed by these Alberta researchers, in this next sub-section 
we describe the monetary adjustments made to our GPI worksheet to account for 
unpaid house work, volunteer, young and elderly care, civic duties, and the value of 
free time within our study areas. While we here make reference to four different 
adjustments referenced to items 3.1–3.4 of the GPI worksheet shown in Table 10, the 
mathematics associated these adjustments are generated by one sub-module.  
 
(a)  The unpaid work calculator sub-module (Table 10, items 3.1-3.4) 
The aim of this sub-module is to generate monetary estimates for all contributions of 
work, care giving, volunteer labour, and innovative use of free time. Our current 
system of national accounts only records the contribution made to society through 
employment. In implementing this GPI sub-module we are also seeking to account for 
the contribution made to individuals, families and local communities by those who 
offer their time free of change.  
 

In New Zealand each year, 2.7 billion hours of unpaid work are done by women, and 
1.5 billion hours by men, together totaling 4.2 billion hours. Another way of 
understanding the sheer volume of this unpaid work activity is to convert the time spent 
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on it into full-time jobs, allowing 40 hours per week. The time spent on unpaid work as 
a primary activity in New Zealand each year equates to over 2 million full time jobs.   
 
The commitment of time by men and women to unpaid work tasks provides a strong 
contrast with the 3.5 billion hours of labour force activity measured by the survey, of 
which 1.3 billion hours are done by women and 2.3 billion hours by men. The total 
labour force activity time measured in the survey equates, at 40 hours per week per 
job, to 1.7 million full-time jobs (Statistics New Zealand, 2001, pp. 34–35). 

 
We have derived data for this sub-module from the Statistics New Zealand website, 
which at the time we were seeking these data provided access to two very important 
time use survey reports (Statistics New Zealand 2001), one of which included access 
to a compressed zip archive of all of the data from this time use study in spreadsheet 
format, organised around 5-year age cohort (Statistics New Zealand 1999b). These 
data have been used to develop multipliers for the development of this sub-module. 
These data come with all Statistics New Zealand’s standard assumptions; the main 
one of which that concerns this study is that these data have been derived from a 
national sample survey. Unfortunately, while these data have been meticulously 
organised around a 5-yr age cohort structure, they are not available in regionalised 
format. Therefore, in using these data, one of our key assumptions is that we can 
appropriately apply this national sample data in a local catchment and regional 
context.  
 
These data are provided in a ‘minutes per day’ format. Therefore, the only adjustment 
that we had to make to the data is to scale to a level appropriate for use in our model. 
Our aim was to organise these data in the format shown in Table 15. We have 
organised the data into a set of age-specific multipliers around the four main 
categories of unpaid work that are of particular interest to our study. The translation 
of the data and computational problems associated with implementing this sub-
module in Vensim were reasonably straight-forward problems to solve. 
 
First, we are able to bring together appropriate groupings of 5-year age cohort 
population data from our demographic module so that we could provide population 
variables for each of the age cohort groupings listed in Table 15. This ensures our 
assessment of unpaid work spans the contribution made by the entire population for 
each time step of the model.  
 

Table 15  Hours of unpaid work per year by age cohort for the 4 main categories of unpaid 
activity we are seeking to value in this sub-module. 

Item Unpaid activity 
10-24 

yrs 
25-34 

yrs 
35-44 

yrs 
45-54 

yrs 
55-64 

yrs 
65+ 
yrs 

1 Household Work 340 722 865 915 1112 1221 
2 Household members caregiver 99 389 355 94 56 25 
3 Cultural and Civic Participation 40 42 42 42 51 53 
4 Productive free time  11 3 6 5 5 6 

 
The age cohort population variables derived from our demographic module were 
organised in the Vensim workspace using shadow variables and stock variables to 
sum these various components together, as shown in Figure 38. We created a new set 
of age cohort variables (out of Vensim stocks) that were capable of reporting 
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population growth to the rows of Vensim stock variables shown in Figure 38. There 
are 4 rows of stock variables, one row for each of the 4 unpaid work categories shown 
in Table 15. The multipliers shown in Table 15, in this case, were actually entered 
directly into Vensim auxiliary variables as constants rather than being imported using 
the Excel loadfile. We assume that during the time horizon of this model these 
constants do not change. In reality, they probably will change; however, we would 
need a set of transition probabilities to explain how that change occurs and these are 
currently not available.   
 

 

Figure 38  The layout of the unpaid work calculator sub-module. 
 
The fact that our model does not provide adequate realism in terms of changes to age-
specific hours of unpaid work is, we think, an assumption we can currently 
accommodate. When we first ran this module we did so with the use of commercially 
derived, age-specific wage rates. The total unpaid contribution generated by this 
configuration of our model was extremely large and likely to be unacceptable, not 
because of theoretical or computation inaccuracies, but because of market scale.  
 
To correct this problem we reset the age-specific wage rates with a minimum wage 
rate (2001) of $7.7 per hour (Kalb & Scutella 2003) and then applied a 4.137% CPI 
growth rate to this minimum wage to ensure those receiving this theoretical income 
kept pace with annual cost of living adjustments. This growth rate generates an 
average minimum wage in the year 2010 of ca. $12, which is what it is now. This 
method of valuing unpaid labour across all age cohorts should be considered as a 
bottom line, conservative estimate. Consistent with the other sub-modules within our 
dynamic GPI accounting model, we are seeking to achieve close approximation rather 
than precise answers. 
 

                                                
37  A CPI of 4.1% was an average CPI calculated from historic data over the last 10 years derived from 

the Reserve Bank website. 
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The conceptual and visual description of the solution method provided above can also 
be formulated in a simple mathematical equation. To calculate the monetary 
contribution made by 10–24-year-old unpaid housework [UH], we multiply the 
number of individuals within this age cohort [I] by the number of hours worked per 
year [H], by the average wage rate (equation 18). 
 

€ 

UH(1024 yrs) = (I *H *$ /hr)(t=n )              (18) 
 
Where 
 
I  is the number of individuals within the 10–24-yrs age cohort at t=n 
H  is an estimate of the number of hours worked per year 
UH  is the product of equation 18, the value of unpaid work 
$/hr  is the minimum average hourly rate 
 
The sub-module shown in Figure 38 conveniently calculates estimates of the 
economic value of unpaid work across the 4 categories of Table 15. Figures from the 
individual age cohorts are summed together within the sub-module and these totals 
are reported every time step to rows 3.1–3.4 of Table 10 where they are added into the 
running total of our GPI worksheet. This adjustment helps provide a more accurate 
indication of the real labour cost of generating an annual GRP or GCP for our study 
areas. 
 

9.3.3 Social costs adjustment sub-modules 
The GDP indicator counts all social activities involving expenditure as a positive 
contribution toward human well-being. It does not, unfortunately, differentiate 
between monetary benefit that enhances gross output and the consequent erosion of 
human and or social capital. In our GPI worksheet we make a series of adjustments 
designed to estimate and remove, as far as possible, the direct monetary costs 
associated with the erosion of social capital, in particular an estimate of the costs 
associated with: (i) unemployment, (ii) vehicle accidents, (iii) time spent commuting 
to work, (iv) crime prevention, (v) family breakdown, (vi) suicide/self harm, and (vii) 
gambling.  
 

We then subtract estimated social costs of unemployment, underemployment, auto 
crashes, commuting, crime, family breakdown, suicide and problem gambling. The 
social costs of human and social capital erosion, which is treated as a deduction 
against gross output (GDP), are estimated at $13.4 billion (1998 dollars), or 12.3 
percent of GDP (Anielski et al, 2001, p. 31). 

 
In implementing section 3 (unpaid work adjustments) of the GPI worksheet we were 
able to build a Vensim sub-module that calculated all adjustments needed for this part 
of the worksheet. Unfortunately, this is not possible in the social area. Instead, we 
need to explain the workings of eight different sub-modules. We begin with the sub-
module responsible for calculation of the cost to society of consumer durables. 
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(a) The consumer durables adjustment sub-module (Table 10, item 4.1) 
In sub-section 9.3.1 (c) we explained the development of a sub-module responsible 
for calculating the annual depreciation of consumer durables. This total estimate for 
consumer durables depreciation was added to the GPI worksheet. However, no 
attempt was made to remove the total annual cost of consumer durables. This is 
necessary because it is only the depreciation of consumer durables within the year of 
purchase that contributes towards human well-being at that time. The capital cost of 
consumer durables needs to be removed. An assessment of the annual capital cost of 
consumer durables has already been made as part of the calculations associated with 
the estimation of depreciation. Therefore, this sub-module involves the removal of 
this annual capital investment from the GPI worksheet. 
 
(b) The cost of unemployment sub-module (Table 10, item 4.2) 
The inability of the market economic system to provide full employment to all who 
would like to have it, at the time they would like it, results in a cost to society (the 
taxpayers) in terms of paying unemployment benefit. Unemployment causes two 
social costs that need to be removed from our GPI worksheet. First, there is the cost of 
paying unemployment benefit to every unemployed individual or couple across all 
appropriate age cohorts for every time step of the model. Second, because these 
individuals are not working, the contribution they would have made to the economy in 
terms of their work, creativity, innovation, and productive potential is lost to the 
economy within the year of unemployment. We refer to this as an unfortunate social 
cost of economic growth activities that should be removed from our GPI worksheet. 
We deal with the first of these two social costs in this sub-module and the second in 
the next. 
 
The first step in calculating unemployment is to estimate how many unemployed 
people you actually have at every time step of the model. Our labour market module 
takes care of this problem: the module is coupled to the equations in this 
unemployment cost calculator sub-module and reports the current state of 
unemployed for each time step of the model. 
 
The second piece of information we need is the cost of the unemployment benefit. For 
the 2001 base year of our model, the unemployment rate payments for different 
categories of individuals are listed in Table 16. In this sub-module, these 
unemployment payments are annually adjusted for inflation by applying a consumer 
price index adjustment of 4.1% per year. Given our 2001 unemployment rate benefits, 
this level of inflationary adjustments generates unemployment rates in the year 2010 
that are comparable with our current 2010 unemployment payment rates. 
 

Table 16  Payments for unemployment (2001). 
Item Class of unemployment benefit Rate (per week) 

1 Single, unemployed (18-24 yrs) $ 119.50 
2 Single, unemployed (25 yrs plus) $ 149.50 
3 Married, unemployed  $ 210.00 

 
Estimating unemployment rates for the first two rows of Table 16 was achieved by 
adding together the appropriate age specific classes for each time step of the model. 
Because our labour market module is structured around 5-yr age cohort data this was 
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not a difficult problem to solve and involved the addition of appropriate auxiliary and 
shadow variables within the Vensim workspace.  
 

Table 17  Statistics New Zealand census data on marital status for selected census years 
(1996, 2001, 2006). 

Year Nelson Tasman NCC pop TDC pop NCC % TDC % 
1996  15,327   16,206   42,075   40,035   36.43   40.48  
2001  15,018   16,770   43,560   44,880   34.48   37.37  
2006  15,345   18,219   45,372   48,309   33.82   37.71  

 
We estimated the number of married unemployed by taking the total number of 
unemployed individuals and multiplying this total by a percentage figure representing 
the married portion. We estimated this percentage rate from the Statistics New 
Zealand census data on marital status. 
 

 

Figure 39  The unemployment cost sub-module calculator. 
 
As can be seen from the data presented in Table 17, the percentage of the population 
who are married has been in decline. In order to automate the calculation of a married 
portion of unemployed we first multiple the 2001 percentage totals of individuals 
unemployed, for Nelson and Tasman from Table 17 by their respective 10-year 
average (1996–2006) rates of change (–0.26 and –0.28). These rates of percentage 
change are negative because as shown in Table 17, percentage rates of change for the 
total number of the population married (1996–2006) are in decline. In our futures 
model we assume that this decline continues. These adjusted percentage rates for the 
married portion of the Tasman and Nelson population are then multiplied each time 
step by the total number of unemployed. With this procedure we estimate what 
portion of the total number of unemployed are married.  
 
The general layout of our unemployment costs calculator is shown in Figure 39. The 
Vensim stock objects used to perform these calculations are organised into columns 
for each of the 4 study areas. The marriage rate calculator is shown in the upper half 
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of Figure 39. The lower half of the screen photo shown in Figure 39 reveals part of 
the calculator used for estimating the costs of unemployment associated with the 
single, 18–25-year unemployed age group. 
 
Now that we have estimates for the three categories of individuals paid on the 
unemployment benefit (individuals 18–24 yrs, individuals 25+ yrs and married) we 
are now able to estimate the total societal cost of unemployment in terms of 
unemployment benefit payments. This calculation is achieved by the model, each time 
step by multiplying the number of individuals unemployed by the appropriate cost of 
unemployment benefit per year. There are a couple of important adjustments that need 
to be made to these labour market figures.  
 
First, the total number of married unemployed individuals needs to be divided by 2 to 
ensure we are paying the benefit payment to couples and not individuals. Second, the 
unemployed age group of 18–24 years needs to be multiplied by the percentage of the 
population who are single or not married. This figure can be obtained by subtracting 
the estimated percentage of the total population married (calculated above) from 100. 
This same adjustment for those not married needs to be repeated for the 25+ age 
group of unemployed. For both the 18–24 and 25+ age groups of unemployed we 
need to be sure we are estimating the single or unmarried unemployment benefit 
portion. 
 
By adding together the single (18–24 years), single (25+ years) and married 
unemployment benefit estimate costs we arrive at the total unemployment benefit 
cost, not including any estimates for loss of productivity. This total cost of 
unemployment is reported each time step to the GPI worksheet where it is subtracted 
from our GPI calculation as a cost.  
 
(c)  The unemployment (productivity loss) sub-module (Table 10, item 4.2) 
Compared with the calculation of unemployment benefit costs, the monetary costs 
associated with loss of productivity are relatively simple. We make this accounting 
adjustment because as they do not earn a wage, individuals who spend time 
unemployed and collect the unemployment benefit are also unable to contribute 
towards the gross output of society as a whole. The creativity, industry, hard work and 
innovation they might have contributed to our economic performance as a catchment 
or region were missed. We refer to this loss generally as unemployment-related 
productivity loss. There are two main components to productivity loss: one is loss of 
earnings that we seek to estimate here; the other is loss of opportunity for innovation. 
This second component is far more difficult to quantify in monetary terms. 
 
To make this adjustment we multiple the total number of unemployed individuals by 
an annual average wage rate adjusted annually for inflation. We used Table Builder 
on the Statistics New Zealand website to generate annual average wage data for the 
years 1998–2009. These data show that in 2001 the average annual salary was ca $ 
28,496.00. We have used this figure in our model and applied an average inflation 
rate of 4.1% per year derived from Reserve Bank of New Zealand website data. This 
combination of average income and inflationary adjustment generates an annual 
income of $ 39,064.00 in 2009, which is below what the Statistics New Zealand data 
record for this year. Obviously, the use of an averaged inflationary adjustment is not 
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sensitive enough to pick up variation from the mean, from one year to the next. 
However, this is adequate for the purposes of our study.  
 
We multiple this annual average wage by the total number of unemployed for each 
time step of the model to adjust for productivity loss due to unemployment. These 
data are reported to the GPI worksheet for each time step of the model and subtracted. 
Because we have not used age specific wage rates, this calculation produces a 
conservative lower estimate. 
 
(d)  The motor vehicle accident cost sub-module (Table 10, item 4.3) 
The total cost of motor vehicle accidents also needs to be removed from our GPI 
worksheet. Vehicle accidents put the lives of those involved at risk and cost very large 
amounts of money when the broader insurance, healthcare, legal, road safety, police 
and fire department costs of accidents are assessed. In an attempt to create greater 
awareness of the potential causes of accidents and their cost, a substantial literature 
has emerged about the area of motor vehicle accidents (Blincoe et al. 2002; LTNZ 
2006; Transport 2009a,b). We tried two methods to estimate the typical costs 
associated with motor vehicle accidents in our study areas.  
 
The first method was to use published data on a typical year for each of our study 
areas (numbers of accidents and type) and apply standard industry multipliers to 
estimate the costs associated with a range of different accident types. This approach 
generated estimates that were lower than those published by the Land Transport 
Authority for the Nelson and Tasman regions.  
 
Therefore, in our second method we decided to use the published Land Transport 
Authority annual data because: (i) these will be more accurate, and (ii) while we have 
access to the numerical components of these total motor vehicle accident costs 
(accident type and frequency), it is very difficult to know how these will change in the 
future. Furthermore, in this case the additional accident category detail adds nothing 
to the model in terms of improving its predictive power. Between 2000 and 2008 at 
least, motor vehicle accident costs across the two regions have remained relatively 
constant with averages of $23.67 M and $52.33 M for the Nelson and Tasman regions 
respectively (Table 18).  
 

Table 18  The total social costs of motor vehicle accidents in the Nelson Tasman regions 
(2000–2008) in millions of dollars NZ (data from the MOT Crash Analysis 
System38). 

Year Tasman $M Nelson $M 
2000 47 13 
2001 65 25 
2002 58 23 
2003 62 23 
2004 49 31 
2005 38 24 
2006 44 29 
2007 48 21 
2008 60 24 

                                                
38  http://www.transport.govt.nz/ourwork/TMIF/Pages/SS009.aspx 
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In estimating the social costs of motor vehicle accidents within the Nelson Tasman 
regions (2000–2008), we have employed in this sub-module averages of the data 
presented in Table 18 and then multiplied them by a growth soft variable currently set 
at 1 with respect to system time (t=1:25). What this growth calculation suggests is 
that past trends in Motor Vehicle accidents will continue from an initial base year 
value determined by this average until time step 25. Because this is a soft variable, we 
can change this assumption at any time. Hence, in the absence of more precise 
understanding about how current trends in motor vehicles accidents are likely to 
change, we have assumed a continuation of current trends as a conservative baseline 
estimate. In addition, we have applied a cost of living adjustment to the 2001 base-
year average data to ensure that this cost estimate keeps pace with market inflation. 
 
We do not have access to accident data for the Motueka catchment as a distinct 
geographic unit. Instead, we have estimated the annual contribution of the Motueka 
catchment to the Tasman total by apportionment based on the ratio of total motor 
vehicle energy use in these two different geographical areas. Motor vehicle energy 
use data of this kind were derived from the biophysical flows and energy matrix [B] 
shown in Figure 21 of sub-section 5.2.6 in the write up associated with our economy 
environment module. The use of percentage energy data in this manner, i.e. as a 
proxy, is a fair estimate when you consider that over all, petrol, gas, and diesel oil use 
will proportionally represent total km traveled, which in turn indicates likely exposure 
to motor vehicle accident risk. To improve an estimate of this kind we would really 
need to extract local (Motueka/Tasman) accident data, ideally from the spatial 
database in which National accident data are held. This could be done but is beyond 
the scope of this current study.  
 

 

Figure 40  The motor vehicle accident calculator sub-module used to estimate the social 
costs associated with annual motor vehicle accidents. 

 
The four columns of stock variables shown in Figure 40 are used to calculate annual 
estimates of motor vehicle accidents by project area. The top row of Vensim stock 
variables are used to adjust the annual cost of motor vehicle accident by area 
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(ACMVA39) variable for inflation. The stock variables in row 2 of Figure 40 are soft 
variables responsible for providing a percentage multiplier used in growing the annual 
calculation of total social cost for an area in the stocks located in row 3. As explained 
above, in our current configuration of this sub-module we have assumed this variable 
is set to 1 for all time steps of the model. Although this variable suggests current 
annual average rates of motor vehicle accident costs will continue for the term of the 
model, it is easy to change this assumption. The total social cost of the motor vehicle 
accidents (bottom row of Table 40) variable is reported every time step to the GPI 
worksheet where it is subtracted from the worksheet running total. 
 
(e) The cost of commuting to work sub-module (Table 10, item 4.4) 
The time spent driving a car, paying for the cost of transport, the delays and distress 
caused by traffic congestion and vehicle accidents, etc., are social costs associated 
with our modern market economic lifestyle. The expenditure of money in this area 
does not enhance quality of life; rather daily commuting is one of the main drivers of 
the erosion of atmospheric, environmental, and human well-being capitals. We need 
to subtract the social and physical costs associated with our daily commuting lifestyle 
from the GPI worksheet.  
 
Table 19 shows a list of the methods used to get from home to work. In our economic 
assessment of the costs associated with commuting we looked at each of these 
activities in regards to the questions: (i) how much time is associated with this method 
of getting to work, and (ii) what expenses are associated with each means of getting to 
work. Our economic valuation of the cost of commuting to work has attempted to 
value both these components.  
 

Table 19  Categories of means used to get to work that form the basis of this economic 
valuation exercise. Categories used in this study are selected with ×. 

Item Mode of getting to work Time Expense 
1 Worked at Home     
2 Did Not Go To Work Today     
3 Drove a Private Car, Truck or Van × × 
4 Drove a Company Car, Truck or Van × × 
5 Passenger in a Car, Truck, Van or Company Bus × × 
6 Public Bus × × 
7 Train × × 
8 Motor Cycle or Power Cycle × × 
9 Bicycle ×   

10 Walked or Jogged ×   
11 Other     
12 Not Elsewhere Included     

 
The categories shown in Table 19 were derived from the Statistics New Zealand 
system of classification associated with the Census question: ‘what was your method 
of transport to work’. Territorial local authorities like Nelson and Tasman can obtain 
data for the research categories shown in Table 19 from the Statistics New Zealand 
website Table builder. Having access to data of this kind is very helpful because it 
provides us with one sample point related to the numbers of people, by age group, 
who use the transport methods shown in Table 19. In our use of these data we assume 
                                                
39  ACMVA stands for average cost of motor vehicle accident. 
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the travel preferences expressed hold for an entire year of commuting. In reality, we 
know this is not the case. However, to improve on the application of this dataset in 
this manner we would need either to guess or to set up a large scale research project to 
gather a larger sample of data from our study areas.  
 
What follows, therefore, is an estimate, and involves numerous assumptions. In 
forming assumptions, we have tried to be conservative. Given this bias, what follows 
should provide a conservative, baseline estimate as a first step towards exploring this 
quite complex matter. In building this sub-module we followed the same model 
building methods employed in other modules. In particular, we first imported all the 
data into spreadsheets and organised it in tabular format so that it could be 
appropriately coded, then cut and pasted into the Excel loadfile as first steps for 
model building. 
 
Once all the data were coded and organised we set up a working model of this module 
within a spreadsheet environment to get a better idea of how the mathematics could be 
translated into a Vensim stock and flows environment. In answering this question we 
have used the approach employed in other modules to create, inside Vensim, a virtual 
super-spreadsheet environment employing the use of Vensim stocks to create column 
and row intersects. These columns of Vensim stocks are set out across the page from 
left to right, much like the columns and rows of a table. The rows of the columns 
represent 5-yr age cohorts. The 12 variable names listed in Table 19 are represented 
by 12 columns with age-specific row intersects used to import population data. The 5-
yr age cohort population data are derived from Statistics New Zealand and describe 
the number of people from each age cohort who use a given method of commuting to 
work as defined by the categories in Table 19. For each age distribution of individuals 
we need to calculate (i) the total amount of time they spend commuting to work (and 
with this costs in lost productivity), and (ii) the costs associated with their preferred 
mode of commuting transport. 
 

 

Figure 41  The sub-module used to calculate the social costs associated with commuting to 
work. 
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Given that again we do not have spatially relevant Motueka population data, we have 
used Tasman data to provide the age–class distributions and attempted to 
contextualise the Tasman population data with locally relevant Motueka travel time 
data and transport cost data. As Figure 41 suggests, this is quite a complex sub-
module, although it is simple enough to be configured first in a spreadsheet 
environment. Much of the complexity shown in Figure 41 is a consequence of the 
Vensim object-oriented stocks and flows metaphor. The mathematics behind the 
visual representation shown in Figure 40 is actually quite simple. For each age-class 
distribution and its associated commuting category we need to calculate how much 
time and cost are associated with getting to and from work. We deal with each case 
and its assumptions below as a starting point for further work on data collection in the 
future.  
 
The two commuting categories worked at home and did not go to work today require 
no further computational attention because they require no travel time or expense. 
Also, they involve a population age distribution that does not travel to work.  
 
Those in Motueka who choose to drive a private car, truck or van to work will incur a 
daily travel time and cost. We assumed that each individual traveled 26.6 km per day 
and that the cost of running a private car, truck or van would be covered by a 
commercial travel reimbursement claim of 0.62 cents per km. In generating travel 
distance assumptions, we worked on the spatial assumption that most people who live 
very close to work will walk or bike and take a car only because of pressure of time. 
We assume that individuals living in Nelson and Tasman would travel no more that 
12.5 km per day to work and incur the same commercial rate travel costs associated 
with private car, truck or van. We further assume that almost everyone takes their own 
vehicle to work. In Nelson at least, the one commuter per vehicle trend is a well-
established local institution. A separate category for passenger travel also exists.  
 
We assume the same set of assumptions applied above to drive a private car, truck or 
van to work also holds for the age distribution of Motueka, Nelson, Tasman and 
Nelson Tasman residents who drive a company car, truck or van. It is important to 
note that the travel distance and time assumptions associated with the above two 
categories have been set up using soft variables so it is easy to change these 
assumptions in the future, when better data become available.  
 
For those who are a passenger in a car, truck, van or company bus or public bus, the 
above assumptions also hold, with one exception. Because these individuals are 
passengers in a car, truck, van or company bus, only their travel time is an expense. 
They are not charged personal travel expenses. Therefore, previous time assumptions 
hold but not travel distance and cost. 
 
As there is no train commuting facility in operation in any of our study areas, no 
assumptions are needed under this category. 
 
Those who choose to travel by motor cycle or power cycle have the same assumptions 
as outlined above applied to them. They incur both travel time costs and travel 
expenses. However, the travel expense rate per km is lower than that specified above 
for motor vehicles (10 cents per kilometer).  
 



 

150 

Finally, those who commute by bicycle, or who walked or jogged have not been 
included in this economic value assessment. We assume these categories involve time 
and/or travel expense that approximates zero. It could be argued there are actually net 
health benefits linked to the exercise associated with biking, walking or jogging. 
 
The individual calculations used in this sub-module are reasonably simple. The cost 
associated with daily travel time is equal to the total amount of time traveled (in 
hours) multiplied by an age specific wage rate (per hour). Likewise, the expense 
associated with travel is calculated by multiplying the total distance traveled (km) by 
the cost per kilometer. Both our age-specific wage rates and travel-cost multipliers per 
kilometer are inflation adjusted. 
 
All the calculations in this sub-module are conducted based on hourly time data 
because this is how the data are supplied. After each set of age-distribution 
calculations is completed in hourly format, they are converted to weekly and then 12-
monthly format. The total cost of commuting across items 3–8 of Table 19 is reported 
to the GPI worksheet during each time step of the model and subtracted as a cost.  
 
As mentioned above, there are many assumptions associated with this sub-module. 
The current data are only intended as a starting point for generating a conservative 
baseline run that we can use to start exploring the influence of this module on our GPI 
worksheet calculations. As with every other part of this dynamic GPI accounting 
model, the design of this module is intentionally flexible. We have included soft 
variables anywhere an auxiliary variable is globally applied and there exists any 
uncertainty about the validity of that data point. This way, it is possible to re-calibrate 
the model at a future time when improved, locally sourced data become available.  
 
(f) The cost of crime prevention sub-module (Table 10, item 4.5) 
In an earlier sub-module (sub-section 9.3.1 (b)), non-defensive government 
expenditures were added to the GPI worksheet. This included the sum total of central 
and local government non-defensive expenditures. Part of the calculations required to 
estimate defensive government expenditures involved consideration of armed forces 
and police, which we return to here in consideration of the social costs associated with 
crime. The need for household insurance as a safe guard against burglary, the 
installation of locks, security lighting, and burglar alarms along with the cost to a 
local community of police are all examples of expenditures required to mitigate, 
prevent and respond to criminal activity. In building this sub-module we did not have 
access to household expenditure associated with crime prevention. However, it is now 
possible to remove a category of defensive expenditure that we did not remove during 
our earlier adjustments.  
 
As mentioned earlier in this report Nelson, Tasman and Motueka do not have armed 
forces activities and expenditures. However, there are police stations. To obtain 
accounting information on police expenditure we approached the local police 
department in Nelson and requested a copy of their regional financial accounts that 
was used to estimate police expenditure for our three study areas. To estimate police 
expenditure for our three study areas we used the total annual expenditure $2001 and 
then apportioned this expenditure to the three study areas based on the staff numbers 
associated with Police Stations across the Nelson Tasman region (Table 20). We 
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checked this method with local Police accounting staff who agreed this would be a 
reasonable basis upon which to start exploring costs in these areas. 
 

Table 20  The allocation of central and local government expenditure on Police allocated by 
study area based on station staffing (FTEs). 

Area Police stations Staff number % $ Allocation 
Nelson Main station in Nelson 90 57.3  8,206,624  
Nelson Stoke 15 9.6  1,367,771  
Nelson Tahuna 2 1.3  182,369  
Nelson Victory 2 1.3  182,369  
Tasman Richmond 20 12.7  1,823,694  
Tasman Takaka 4 2.5  364,739  
Tasman Murchison 2 1.3  182,369  
Tasman Wakefield 2 1.3  182,369  
Motueka Motueka 20 12.7  1,823,694  
  Column total 157 100.0  14,316,000  

 
Given the data shown in Table 20, we are able to estimate the cost of providing police 
to address crime and act as a disincentive to criminal behaviour for the base year of 
our model (2001). Each time step of the model there are two important corrections 
that need to be made to these initial figures.  
 

Table 21  Historic recorded crime data for Tasman and Nelson Bays (Statistics New 
Zealand Table Builder). 

Year Tasman Nelson 
1994  15,291   7,436  
1995  15,346   7,374  
1996  15,571   7,650  
1997  16,548   8,043  
1998  14,968   7,095  
1999  16,206   8,241  
2000  16,360   8,413  
2001  15,907   8,072  
2002  16,726   8,698  
2003  16,873   8,233  
2004  16,678   8,832  
2005  15,819   8,235  
2006  16,016   8,007  
2007  16,380   8,410  
2008  17,483   9,030  
2009  18,804   9,648  
Total  260,976   131,417  

 
First, the cost of funding police activities needs to be inflation adjusted. We have 
applied a 3.1% inflation rate based on an average consumer price index calculated 
from historic Reserve Bank data. Second, based on the recorded crime data shown in 
Table 21, we estimate that recorded crime grows annually at a rate of ca 1.17% for 
Tasman and 1.43% for Nelson. This is less that the rate of annual population growth 
rates for the Nelson and Tasman regions used in the final demand end of the economy 
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environment module to grow central and local government expenditure, from which 
the police budget comes. Therefore, in terms of the logic of our model, these growth 
figures for police expenditure are conservative. In real world logic, it is probably 
much more difficult for local police stations to obtain expenditure increases of the 
kind implied here. This is because investment in areas like crime prevention is a lever 
used by governments to win votes and is therefore difficult to predict.  
 
The difficulty of predicting likely increases in police expenditure in our three study 
areas over the time horizon of our model can be addressed by using soft variables that 
make it possible to explore different growth scenarios. In the mean time, we believe 
the inflation and growth adjustments we have used are conservative and consistent 
with the logic of our model. If anything, these adjustments will still be underestimates 
of actual annual total costs in this area. As such, they represent a useful starting point 
for further work in this area. 
 
Much more work could be invested in research that would help improve this initial 
estimate of the social cost of crime. Unfortunately, the annual Statistics New Zealand 
household expenditure survey does not code expenditures related to crime prevention. 
This would have been an easy way of calculating an estimate of the broader 
household expenditure categories associated with crime prevention. Given the effort 
required to obtain data of this kind for our study areas, this adjustment must currently 
remain beyond the scope of this project. 
 
(g)  The cost of marriage breakdown sub-module (Table 10, item 4.6) 
The cost of family breakdown is another important adjustment that needs to be made 
within this social capital section of our GPI accounts. It is much more difficult to 
obtain regional and catchment economic valuation data on the costs to society of 
marriage breakup. For this reason, in the absence of local data, we have employed 
data from a national economic valuation study (Nolan 2008). This study has 
suggested that in 2008–2009, the fiscal cost of marriage breakdown to society is 
approximately $300 per taxpayer. We subtracted an annual inflation adjustment from 
this 2008 estimate and calculated this would have produced an inflation-adjusted 
estimate of $250 per tax-payer for 2001, the base year of our model. This base year 
figure of $250 per taxpayer assumes that a 2001/2008 price difference is explained 
principally by inflationary pressure. 
 
One way we could estimate the social cost of marriage breakdown within our study 
areas would be to apply this inflation-adjusted marriage breakdown cost multiplier 
annually to age specific population data (15 years plus). The problem with this 
method is a lack of growth (for our model). This estimated cost (Nolan 2008) does not 
stay constant over time, nor does the divorce rate. The divorce rate has increased quite 
dramatically over the last 9 years and this implies the cost to society of marriage 
breakdown has also proportionally increased. How can we apply this cost to society as 
a multiplier to growth in local divorce rates? If we could solve this problem, the 
resultant data would help us to apply the national data more effectively in a regional 
and catchment context. 
 
With the aid of Statistics New Zealand’s Table Builder, we were able to obtain 
regionalised divorce rate data for the last 3 Census’ (9 years of measurement). The 
availability of this data made it possible to estimate two important pieces of 
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information. First, we calculated a 3-year average for the number of divorces in each 
study area. Second, we calculated percentage rates of annual increase for the divorce 
data in each of our three study areas (Table 22, Column 6). We use this divorce rate 
average data to generate an estimate of the ‘cost to society of marriage breakdown’ 
per divorce for each of our three study areas. This is accomplished by dividing the 
age-specific, inflation-adjusted total cost of marriage breakdown for our study areas 
per year, by the 3-year average number of divorces (Table 22, Column 5). To help 
improve this estimate of the cost per divorce, we also multiplied the 3-year average by 
the divorce growth rates we had calculated for our study areas (Table 22, Column 6). 
 

Table 22  Time series data on divorce rates per year for the 3 study areas. 
Study area 1996 2001 2006 3yr av % / yr 
Tasman Region 1,587 2,148 2,649 2,128 3.75 
Nelson Region 2,061 2,679 3,234 2,658 3.35 
Motueka Outer 174 204 234 204 2.29 

 
Once we had estimated the cost to society of marriage breakdown per divorce, it was 
simple to apply these data to growth projections of divorce rates based on the data and 
growth rates provided in Table 22. We were able to generate growth projections of 
future divorce rates for our study areas inside Vensim using a Vensim stock to 
simulate growth rates mathematically based on the state data and growth coefficients 
shown in Table 22.   
 

 

Figure 42  The marriage breakdown calculator module. 
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By bringing together the divorce rate projections with our estimate for the social cost 
of each divorce we were able to assess the annual total cost of marriage breakdown 
for each of our study areas. These totals are reported to the GPI worksheet for each 
time step of the model where they are subtracted from the GPI worksheet. 
 
Figure 42 shows the visual layout of our marriage breakdown calculator sub-module. 
In the top left-hand corner is the growth module responsible for the retrospective 
inflationary adjustment that we made to the national estimate of the cost of marriage 
breakdown per taxpayer. The graph in the centre of the picture is responsible for the 
growth of a 2001 divorce rate from 2001 to 2025. This graph is based on the Vensim 
stock data generated by the rectangular stock object highlighted in black in Figure 42. 
 
Calculations for our three study areas are performed within this sub-module by the 
three model structures at the left, right and centre of the picture. The calculator used 
for the Motueka catchment is located to the far left of the picture. The stocks in the 
top of the picture, across each study area module calculate the local population for a 
given study area by subtracting the non-taxpayer age cohorts. This population 
estimate is then used to calculate the total societal cost of marriage breakdown with 
the aid of the (inflation adjusted) taxpayer multiplier described earlier. This annual 
estimate of marriage breakdown costs to society is then divided by, the total number 
of divorces to give an annual cost per divorce. The stocks and flow connector located 
in the lower left hand corner of Figure 42 are used to calculate a divorce growth rate 
for each study area. These two bits of information are combined in the Vensim stock 
located to the bottom right hand side of each calculator structure we are describing. 
 
(h)  The cost of suicide and self-harm calculator sub-module (Table 10, item 

4.7) 
There are also net costs to society associated with suicide and self-harm. Therefore, 
we need to adjust our GPI accounts, both present and future for likely increases in this 
area. In seeking to estimate these costs we have once again had to draw on nationally 
published research in this area (Ministry of Health 2004; O’Dea & Tucker 2005; 
Blakey et al. 2006). Some historical data are also available for the Nelson–
Marlborough regions (Blakey et al. 2006). The Blakey et al. (2006) report was 
commissioned in 2005 by the Ministry of Health to inform discussion on the proposed 
New Zealand all-ages suicide prevention strategy, A Life Worth Living: New Zealand 
Suicide Prevention Strategy. It is important that we begin a consideration of this sub-
module by seeking to define self-harm and how this category is related to suicide: 
 

Hospitalisation for intentional self-harm is a measure of the number of people who 
were admitted to hospital for intentional self-harm, whether they survived or not. 
Therefore people, who intentionally harm themselves and eventually die in hospital, 
are included. On the other hand, people who intentionally harm themselves but are not 
admitted to hospital are not included. The figures are for intentional self-inflicted 
injury and may include cases of deliberate self-harm where the intent was not death. 
However, it is still generally accepted as a proxy measure for attempted suicide 
(Ministry of Health 2004, p. 2). 

 
The characteristics of male and female suicide and self-harm rates are quite different 
at national scale. We could have separated these two components of the total suicide 
rate; however, there seemed little point in doing this because we lack any real 
understanding of what is driving change in this health statistic, at this level of scale. 
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For this reason, we have chosen to estimate future suicide rates based on what we 
know about historical trends, i.e. we assume that historical averages will continue 
(Blakey et al. 2006).  
 
Historical research data on suicide and self-harm rates give us access to rates per 1000 
head of population. This is very helpful in the context of our model because we are 
able to estimate future changes in suicide and self-harm by applying these rates of 
change to total population change in our study areas. However, in addition we know, 
based on published data in this area between 1984 and 2002 (Blakey et al. 2006), that 
the annual average suicide rate increased at about 2.58% for the Nelson–Marlborough 
area. By implementing the calculation of future suicide and self-harm as a soft 
variable within Vensim, we can change these future assumptions and play around 
with different possible scenarios. However, we have used these published data as a 
typical business-as-usual scenario.  
 
To implement this calculation within Vensim we couple this sub-module to our 
population module to obtain total population change data for our study areas. We then 
adjust our published suicide and self-harm rates for the Nelson–Marlborough regions 
(Blakey et al. 2006) for annual rates of increase. This is accomplished in Vensim by 
constructing a growth generator with the aid of a stock and flow connector. 
Combining 2001 base data with percentage growth data gives us an estimate of how 
suicide rates are likely to change from one time step of the model to the next.  
 
To this calculation we then apply market economic cost data. Based on nationally 
published average data, we have assumed costs of suicide, self-harm and loss of 
discounted lifetime market income following suicide as outlined in Table 23.  
 

Table 23  Published economic data on the estimated market costs associated with suicide, 
self-harm and loss of lifetime income resulting from suicide ($ NZ 2002). 

Item Description of cost Amount $/yr NZ2002 
1 Suicide $ 10,205.00 
2 Self-harm $ 3,747.00 
3 Loss of discounted lifetime market income $ 438,000.00 

 
To project this cost data into the future we have applied an average inflation rate of 
2.1% and used the resultant data as a multiplier with our future projections of suicide 
and self-harm rates. The sub-module used to make these calculations is shown in 
Figure 42. This sub-module has been set out following model-building conventions 
used earlier in this report with the use of Vensim stock variables organised around 
three columns, one for each study area (i.e. Nelson, Tasman and Motueka). The small 
growth modules shown in rows 1 and 3 of Figure 42 are used to calculate rates of 
change for suicide and self-harm (row 1) and inflation adjustments to the data listed in 
Table 23.  
 
The row of Vensim stock variables shown in row 2 of Figure 42 are responsible for 
applying rates of suicide and self-harm (per 1000) to total population change data 
derived from our demographic module. Finally, the last 4 rows of Vensim stock 
variables shown at the bottom of Figure 43 perform the cost of suicide calculations. 
There have been significant improvements in the research method used to calculate 
estimates of social costs associated with suicide and self-harm. However, as with most 
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of the economic cost data used in this GPI module, these cost data should be 
considered as work in progress rather than work nearing completion. There will 
always be uncertainties associated with such data. Their real value lies in providing 
the ability to explore likely orders of magnitude, which is clearly what is important in 
the GPI calculation. The estimates of the cost to society of suicide and self-harm are 
reported each time step of the model to the GPI worksheet where they are subtracted 
as costs to society associated with economic growth activity. 
 

 

Figure 43  The suicide and self-harm cost calculator sub-module. 
 
(i) The cost of gambling calculator sub-module (Table 10, item 4.8) 
The last of the social cost adjustments made within our GPI module involves an 
assessment of the cost to society of gambling within our study areas. Despite the 
prevalence of gambling as a normalised form of social behaviour, research data in this 
area are extremely difficult to find. This area of social activity is the responsibility of 
the Department of Internal Affairs, whose website publishes annual statistics on 
gambling activity in New Zealand.40 The problem is that, none of the data are 
available at regional scale and we currently lack any reliable numerical method of 
apportioning this national data to regional and or catchment scale.  
 
The closest we were able to get to information on regionalised gambling data was in 
the area of the use of gaming machines. Quarterly regional data on the turnover in 
money spent on gaming machines are available for most TLAs, including Nelson and 
Tasman. Therefore, instead of attempting to focus our modelling efforts on 
                                                
40  http://www.dia.govt.nz/diawebsite.nsf/wpg_URL/Resource-material-Information-We-Provide-

Gaming-Statistics?OpenDocument 
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disaggregated data that provided detailed information about the gambling problem by 
region, we decided to estimate gambling costs to society based on what we know 
about gambling in New Zealand as a percentage of household expenditure.  
 
An Australian Policing Research report on this topic has suggested that in Australia 
an average of 3% of household income is spent annually on gambling (Doley 2000). 
Similar research in New Zealand has suggested the percentage of spend on total 
household disposable income ranged from $20,000 to $70,000 per year and could 
vary from 1.8 to 1.14% per year, respectively (Whariki 2006). These figures are 
slightly higher than lower income expenditure estimates by Statistics New Zealand 
(1999a) (Table 24). The Statistics New Zealand researchers also note that these 
figures are sensitive to changes in available discretionary income. We have used an 
average of 1.5% of household income as defined within the economy environment 
module of our model with an adjustment made to remove the ‘Taxes on products’ 
component of this expenditure.  
 

 

Figure 44  Gambling sub-module. 
 
As shown by Figure 44, these calculations are performed within a gambling sub-
module that performs calculations using the Vensim stock objects, organised once 
again by columns into our 3 study areas, Nelson, Tasman and Motueka. Rows 1 and 2 
of the stocks in the top of this screen photo are used to estimate household income for 
each study area and then estimate the annual portion of this household expenditure 
associated with gambling (ca 1.5%). It is an easy matter to change this variable to run 
different scenarios. Because this percentage figure has been shown to be dependent 
upon disposable household income, we have assumed that it remains relatively 
constant over the longer term of our model. This assumption is unlikely to hold during 
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a time of rapid economic growth, and for this reason we suggest this is a conservative, 
base-line estimate of the social cost of gambling to our study areas that really needs 
improved local data to re-estimate with greater certainty. 
 

Table 24  A comparison of gambling expenditure expressed as a percentage of annual 
household income. 

Expenditure Shore/Whariki Shore/Whariki Statistics NZ 
Annual income  70,000   20,000   20,000 
Monthly gambling 804 360 333 
% of annual household income 1.15 1.8 1.67 
 
The Gambling Act 2004 states that pokie machine gambling is illegal unless it is run 
to generate money for community grants. However, only around one-third of the 
money lost is given away in grants. These are often given to sports groups, racing or 
community organisations. In estimating the cost of gambling to society it is important 
that we take this portion of lotteries monies returned to the community in the form of 
grants out of the ‘cost’ estimation. The most readily available research suggests that 
this re-investment process works out to about $280 per individual per year (Statistics 
New Zealand 1999a). If we apply this re-investment multiplier to the populations of 
our study areas, then what started as a social cost has actually become a social benefit. 
This apparent contradiction is explained by Statistics New Zealand researchers: 
 

This figure is net of the amount paid back in winnings and in weekly terms amounts to 
about $20.5 million a week, or $5.39 per person per week ($280 per year). This is 
substantially more than the expenditure per person based on HES data. It is thought 
that HES respondents may find it difficult to determine the amount they have spent on 
gambling, because some of the money spent is returned as winnings (Statistics New 
Zeaalnd 1999a). 
 

While this outcome is mathematically correct it does not make sense in terms of the 
gambling costs we seek to estimate. This re-investment process re-distributes the 
monetary benefits of gambling to the community as a whole. Unfortunately, only a 
very small percentage of the Lotteries monies re-invested in local communities 
through lotteries grants are shared by those whose lives are negatively affected by 
gambling activity.  
 
Therefore, while we have mathematically estimated this re-investment portion, we 
choose to omit it from this calculation. Instead, we suggest the gambling cost figures 
we have estimated are a conservative approximation of the social harm caused by this 
economically beneficial activity. We really need more research data to improve this 
assessment. However, it is possible to adjust assumptions of this kind in this Vensim 
sub-module. This is one way that we can start to explore the likely bounds of this 
social cost in an absence of preferred research data. This estimate is reported each 
time step to our GPI worksheet where it is subtracted as a social cost of economic 
growth activity. 
 

9.3.4 Environmental costs 
The last category of adjustments to our regional and catchment consumption GDP 
estimates is related to the environmental area. Natural ecosystems play an essential 
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role in making annual economic activity possible. Unfortunately, our system of 
national accounts currently does not measure this contribution in monetary terms. 
During the 1990s as part of research activities aimed at supporting the development of 
a biodiversity strategy for New Zealand, we attempted to estimate the economic value 
of New Zealand biodiversity to the annual production of GDP (Patterson & Cole 
1999a). This economic valuation method was based on an ecosystem service method 
that was subsequently re-applied in a number of different policy contexts (Patterson & 
Cole 1999b; Cole & Patterson 2003; Crystall et al. 2008). This is certainly one way 
we can begin to estimate the economic value of the contribution of natural ecosystems 
to annual GDP production and, in relation to this, to consumption expenditures.  
 
In this connection it is interesting that it has not been considered appropriate by GPI 
researchers to take into consideration, as a part of their calculations, the contribution 
made by natural ecosystems towards local human well-being. Surely this is an 
oversight. Human consumption of economic goods and services that we have used in 
this GPI calculation as a proxy for human well-being is totally dependent on a 
constant supply of ecological goods and services. Therefore, in our assessment of 
environmental or ecological costs and benefits associated with growth in consumption 
GDP we break from GPI accounting convention and add the monetary contribution 
made by local ecosystem services into our GPI worksheet calculation.  
 
Ecosystem services are not the only method we can use to quantify environmental 
costs associated with consumption activities. We also employ the ecological footprint 
method to provide us with estimates of indirect effects associated with consumption 
activities. The method we employ in this final section of our GPI worksheet 
calculation should be considered as a starting point for further work in this area. It is 
very likely that much of what we might theoretically refer to as the total ecological 
costs associated with an annual consumption GDP is currently beyond our current 
systems of measurement. There is thus a need for further research both in the area of 
quantifying ecological effects and in calculating the likely market economic costs and 
benefits. What follows in the remainder of this report is, we think, an important 
contribution towards this long-term research agenda.  
 
(a) Non-renewable resource calculator sub-module (Table 10, item 5.1) 
The first adjustment we seek to make for environmental costs associated with 
economic consumption GDP is the household use of non-renewable resources. In this 
sub-module the main non-renewable resource on which we focus attention is fossil 
fuel energy. This type of energy is renewable, but only over very long time horizons 
of geological scale. Our current use of fossil fuels is consuming a natural resource that 
can never be renewed within our lifetimes. It can well be argued that this type of 
resource has had a tremendous influence in raising human wellbeing within our 
current generation. However, because of the rate at which we are currently using this 
non-renewable resource, its benefits are not being fairly shared between generations. 
Some have argued that our current rates of use of this natural resource may not be 
sustainable beyond the next decade, given current rates of growth in demand and the 
imminent likelihood of a reduction in supply. Because the burning of fossil fuels to 
provide energy also contributes towards global atmospheric greenhouse gas 
concentrations, we consider this non-renewable resource use as an environmental cost 
of growth in consumption expenditure. Therefore, we want to subtract this cost from 
our GPI worksheet.  
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The biophysical flows and energy matrix [B] described in sub-section 5.2.6 (Figure 
21) of this report contains a comprehensive disaggregation of energy use by economic 
sector and final demand categories. In this non-renewable resource calculator sub-
module we use each of these measurements of household energy consumption by 
energy type as a basis for calculating the cost of total non-renewable energy use. A 
list of end use energy type data contained within the biophysical flows and energy 
matrix [B] is contained in column 2 of Table 25. 
 

Table 25  End-use energy types contained in our biophysical flows and energy matrix [B] 
with pricing information in NZ $/GJ (2001). 

Item End use energy type Pricing reference $/GJ 2001 % /yr 
1 Buses - Diesel MED $/GJ Diesel oil $23.04  5 
2 Buses - Diesel MED $/GJ Diesel oil $23.04  5 
3 Buses - Petrol MED Premium retail $37.57  3.6 
4 Buses - Petrol MED Premium retail $37.57  3.6 
5 Cars - Diesel MED $/GJ Diesel oil $23.04  5 
6 Cars - Diesel MED $/GJ Diesel oil $23.04  5 
7 Cars - LPG MED Nat Gas (residential) $22.61  4.4 
8 Cars - LPG MED Nat Gas (residential) $22.61  4.4 
9 Cars - Natural gas MED Nat Gas (residential) $22.61  4.4 

10 Cars - Natural gas MED Nat Gas (residential) $22.61  4.4 
11 Cars - Petrol MED Premium retail $37.57  3.6 
12 Cars - Petrol MED Premium retail $37.57  3.6 
13 Coastal shipping - Fuel oil MED $/GJ Heavy fuel oil $13.29  5 
14 Coastal shipping - Fuel oil MED $/GJ Heavy fuel oil $13.29  5 
15 Domestic Air - Aviation Fuel MED Premium retail $37.57  3.6 
16 Domestic Air - Aviation Fuel MED Premium retail $37.57  3.6 
17 Non-Applicable - Coal MED Coal thermal mix ($/GJ) $2.50  2.4 
18 Non-Applicable - Coal MED Coal thermal mix ($/GJ) $2.50  2.4 
19 Non-Applicable - Diesel MED $/GJ Diesel oil $23.04  5 
20 Non-Applicable - Diesel MED $/GJ Diesel oil $23.04  5 
21 Non-Applicable - Electricity MED Coal thermal mix at 7% $2.50  2.4 
21 Non-Applicable - Electricity MED Nat Gas (industrial) at 18% $3.75  5.1 
22 Non-Applicable - Electricity MED Coal thermal mix at 7% $2.50  2.4 
22 Non-Applicable - Electricity MED Nat Gas (industrial) at 18% $3.75  5.1 
23 Non-Applicable - Fuel oil MED $/GJ Heavy fuel oil $13.29  5 
24 Non-Applicable - Fuel oil MED $/GJ Heavy fuel oil $13.29  5 
25 Non-Applicable - LPG MED Nat Gas (industrial) $3.75  5.1 
26 Non-Applicable - LPG MED Nat Gas (industrial) $3.75  5.1 
27 Non-Applicable - Petrol MED Premium retail $37.57  3.6 
28 Non-Applicable - Petrol MED Premium retail $37.57  3.6 
29 Road Freight - Diesel MED $/GJ Diesel oil $23.04  5 
30 Road Freight - Diesel MED $/GJ Diesel oil $23.04  5 
31 Road Freight - LPG MED Nat Gas (Commercial) $10.70  4.2 
32 Road Freight - LPG MED Nat Gas (Commercial) $10.70  4.2 
33 Road Freight - Natural gas MED Nat Gas (Commercial) $10.70  4.2 
34 Road Freight - Natural gas MED Nat Gas (Commercial) $10.70  4.2 
35 Road Freight - Petrol MED Premium retail $37.57  3.6 
36 Road Freight - Petrol MED Premium retail $37.57  3.6 

 
The end use energy categories described in Table 25 are measured in GJ per year. To 
assess the real market economic cost of our annual use of energy we need to multiply 
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this yearly use data (GJ/yr) by appropriate market pricing data ($/GJ). Furthermore, 
an evaluation of pricing data of this kind over the last 10 years quickly reveals there is 
a percentage growth component associated with each of the prices listed in column 4 
of Table 25. Therefore, we also need to calculate percentage changes in pricing ($/GJ) 
for each time step of the model. In simple terms, this explains how the pricing module 
associated with our non-renewable resource use calculator works.  
 
The pricing information contained within Table 25 is also referenced to its published 
source (column 3). Most of this pricing data and the historical datasets used to 
estimate average rates of price increase per year were derived from the online data 
energy archives of the Ministry of Economic Development (MED) website.41 
Percentage composition data for New Zealand electricity generation were derived 
from an article, ‘The rising price of power’, published by the New Zealand Centre for 
Political Research (Newman 2009). It is important to note that the electricity pricing 
information contained in Table 25 (rows 21–22) is only applied to the fossil fuel-
based component of our electricity energy type. This is because 75% of the electricity 
generated within New Zealand is the result of hydroelectric generation, which is a 
renewable resource. Thus, we need to remove this component of energy use from our 
assessment of total household electricity use.  
 

  

Figure 45  The non-renewable resource calculator sub-module. 
 
The data described in Table 25 are derived from two sources. The end use energy data 
by sector and final demand figures were prepared for us by Market Economics 
Limited in Auckland and derived from the ECCA Energy Enduse database (Energy 
Efficiency & Conservation Authority 1991). Pricing data have been derived from the 
Ministry of Economic Developments historical records. Both these sets of data are 
subject to assumptions associated with the collection of the data. Because of our use 
of an average pricing growth rate, the ‘total cost’ data generated by this sub-module 
should be considered as an approximation. We also use pricing derived from 
                                                
41  http://www.med.govt.nz/templates/StandardSummary_37.aspx 
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commercial markets as a basis to determine the annual cost of non-renewable resource 
use. Commercial markets will typically underestimate the system-wide and 
intergenerational value of non-renewable resources of this kind. Once again, our 
valuation is a conservative estimate. However, it is possible to change all the pricing 
multipliers and growth rates within our model. By doing this we can explore the 
sensitivity of the model to different assumptions about pricing and pricing growth 
rates over the time horizon of our model. 
 
Figure 45 is a screen photo of the non-renewable resource calculator sub-module. 
Because this sub-module is so large, it is not possible to portray all the Vensim 
objects used in one screen photo. The Vensim stocks and flow connectors shown in 
the top right hand corner of Figure 45 are used to calculate the growth of pricing 
variables. The large fan-type structures shown on the left-hand side of Figure 45 are 
used to add together each of the end-use energy by industry/household transactions 
that occur within the biophysical flows and energy matrix [B] of the economic state 
matrix [S]. The sum of these individual industry transactions for a given energy type, 
e.g. the use of Diesel oil by cars, provides the end-use energy component of this 
valuation exercise. These energy end-use data are multiplied by appropriate pricing 
data. Individual price components are added together to produce a total cost estimate 
within the Vensim objects just visible in the lower right hand corner of Figure 45. 
 
The total annual, estimated environmental cost of non-renewable resource use is 
reported to our GPI worksheet at each time step of the model, where it is subtracted 
from the GPI calculations.  
 
(b) Ecosystem services sub-module (Table 10, item 5.2) 
Our ecosystem services module estimates the direct and indirect economic values of 
ecosystem service flows to the local economy, which is dependent on these flows to 
function correctly. Despite this, very little of the monetary value of these flows of 
ecosystem goods and services is measured nationally in our system of national 
accounts. We refer, in particular, to both the flows of indirect value and some flows of 
direct value. Most of the direct monetary values associated with flows of ecosystem 
goods and services are derived from the trading of these goods and services on 
commercial markets. For example, timber from the forestry sector, produce from the 
horticultural sector, milk fat from the dairy sector, and fish from marine ecosystems 
are all examples of goods whose monetary value is determined by trading on 
commercial markets. These ecosystem benefits to society are already measured in the 
inter-industry transactions associated with our economy environment module. There 
is, therefore, no need to count these benefits again in this assessment of the annual 
economic value of ecosystem services to our three study areas. For this reason, we 
have removed all these produce calculations from the direct value calculations of our 
ecosystem services sub-module. 
 
In contrast to direct values, indirect values of ecosystem services are currently not 
measured and therefore not included in our industry-by-industry economic model of 
our study regions and catchment. Therefore, we need to add the annual monetary 
value of ecosystem service flows to our GPI worksheet calculation. However, to make 
this adjustment to our GPI worksheet we need to make one further adjustment to our 
direct and indirect value calculations of the monetary value of ecosystem services. 
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This final mathematical adjustment is needed because not all the ecosystem services 
produced within our study catchment or regions are consumed locally.  
 
Some ecosystem goods and services are exported and consumed outside of our study 
areas. In this GPI calculation we are primarily concerned with the consumption of 
goods and services that enhance (a benefit) or threatens (a cost) human well-being in 
our study areas. Therefore, we need to make sure that the portion of the total value of 
ecosystem services that has been consumed outside our study areas is removed from 
this GPI adjustment. The method we use in making an adjustment of this kind poses 
an interesting question. We have attempted to solve it by assuming that flows of 
ecosystem goods and services are embodied in manufactured goods and services. If 
we hold this assumption as valid, then the percentage portion of manufactured goods 
and services exported from our study areas to other regions of New Zealand and other 
countries, needs to be removed from our ecosystem services GPI adjustment.  
 
Is this a valid assumption? In some cases, the idea of embodied ecosystem services is 
an accurate description of what has happened in terms of ecological processes. For 
example, water from our study region or catchment is used to grow produce, while 
some of the carbon dioxide produced within our study areas is sequestered by local 
trees and plants. Thus, there is a sense in which some ecosystem goods and services 
are physically embodied in manufactured goods and services. However, we cannot 
say that this is true for all ecosystem goods and services and all manufactured goods 
and services.  
 
When we use the term ‘embodied’, we are applying this term theoretically. We need a 
method for calculating what portion of the total value of ecosystem goods and 
services enhances human well-being locally. If we can assume that all ecosystem 
goods and services are equally embodied in manufactured goods and services, then 
the calculation of ‘local ecosystem services benefit’ can be assessed by: (i) subtracting 
the total value of ecosystem services embodied in manufactured goods and services 
that are exported from the region from, (ii) the total value of local ecosystem services.  
 
Estimating the annual portion of manufactured goods and services that are exported 
from our study areas is already accomplished as part of the annual balance of trade 
calculations. From these annual calculations we can calculate how much total 
interregional and international exports is (in monetary terms) as a percentage of total 
gross input. Because of the way our economy environment module is designed, this 
percentage does not change unless we manually change the exports figures in the final 
demand end of the state matrix [S]. As has already been explained in our previous 
discussion on this topic, we do not change these base-year (2001) export proportions 
across the different industries that make up the export sectors because we are unsure 
how these figures will change into the future. Therefore, the total amount of export 
from our study areas remains proportionally constant for each time step of the model.  
 
For the Nelson region, ca 25% of what is locally manufactured within this study area 
is exported from the region. For the Tasman region and Motueka catchment, the 
portion of locally manufactured goods and services exported from these study areas is 
18% and 31% respectively. Based on these export figures, we have estimated the 
direct and indirect ecosystem services benefit for the Nelson and Tasman regions and 
Motueka catchment at 75%, 82% and 69% of ecosystem services value for each of 
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these study areas. As mentioned above, what we here refer to as economic value has 
had all food produce values removed from the direct value calculation to ensure we 
are not double counting this benefit here and in the economy environment module.  
 
We have made one further adjustment to the Motueka ecosystem services calculations 
used in the GPI worksheet. Because 55% of the Motueka catchment land area is 
covered in forest, the direct and indirect monetary values associated with flows of 
ecosystem services from these ecosystem types are very large. The flow of ecosystem 
goods and services from all types of forest ecosystems in the Motueka catchment in 
the year 2001 was $272.55 M. This figure is greater than the Motueka consumption 
GCP for the same year ($234.50 M). While it is clear that the human population of the 
Motueka catchment clearly identifies very closely with the forest ecosystems within 
the catchment, the inclusion of this part of the ecosystem services calculation in our 
GPI worksheet is excessively larger than all other economic, social and ecological 
adjustments.  
 
If we leave these figures in the GPI calculation, the resultant GPI is calculated as 
being larger than the GDP calculation – and this makes no theoretical sense. The main 
point here is that the services from forest ecosystems, while clearly a benefit to the 
catchment, do not compensate for other capital asset depreciations, social or other 
ecological costs in theoretical terms. For example, the existence of a large forest asset 
base does not compensate for the social costs of crime, gambling, marriage 
breakdown, self-harm and/or suicide, etc. For this reason, we have completely 
removed all flows of ecosystem services associated with forest ecosystems within the 
Motueka catchment, from the GPI worksheet. Having done this, the GPI worksheet 
now produces a GPI that is consistent with mathematical logic and accounting theory.  
 
Because these ecosystem services adjustments are such a simple operation to perform 
mathematically, we have not built a separate Vensim sub-module to handle this 
calculation. Instead, this adjustment is calculated within the GPI worksheet where for 
each time step of our economy environment (futures) models we add the non-export 
portion of ecosystem services embodied in manufactured goods and services as an 
ecological benefit to the GPI worksheet calculation.  
 
(c) Energy direct air emissions sub-module (Table 10, item 5.3–5.5) 
In this sub-section we turn our attention from ecological inputs to economic activity, 
i.e. from non-renewable resource use and the contribution made to human wellbeing 
by ecosystem services, to assessment of the ecological consequences of economic 
activity. We focus attention on two pollutants associated with the output side of our 
local economies, greenhouse gas emissions and water discharges. In the remainder of 
this sub-section we focus attention on the first of these two pollutants. 
 
In the area of greenhouse gas accounting, water pollution and indeed non-renewable 
energy accounting it is important to differentiate between two different types of 
effect. Direct effects are the result of known cause and effect relationships that are 
relatively easy to quantify because they are associated with existing and well-
established systems of measurement. For example, an electricity bill measures our 
direct use of energy, a water meter measures direct water takes and discharges, and 
likewise we can weigh or measure the volume of solid waste streams. These are all 
examples of direct measurement and resource use. Unfortunately, while the 
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measurement of direct effects of economic activity on ecological wellbeing is 
relatively easy to measure, it provides a very incomplete picture of the total effect of a 
given resource use or pollutant emission (ca 5–10% in most cases) on natural 
ecosystem well-being.  
 
To approach the total effect of natural resource use or pollutant emission on natural 
ecosystems it is also necessary to measure indirect effects. In an indirect effect, the 
basic cause and effect relationship still exists; however, numerous smaller 
contributory effects mediate the overall direct effect. In seeking to measure indirect 
effects it is essential to assess the contribution made by these smaller intermediary 
effects. What we have found from experience in assessing the contribution of indirect 
effects is that they can account for approximately 90% of what we might theoretically 
define as the total effect. In theoretical terms, it would be very difficult to measure the 
total effect in exclusive terms. This would be such a huge task and mathematical 
challenge because of the complexity involved. Therefore, our assessment of indirect 
effects is an approximation of a much more complex physical reality, albeit an 
essential one. Without the inclusion of indirect effects we run the risk of substantially 
underestimating the total impact of economic activities on ecological systems.  
 
In this sub-section we turn our attention first to the measurement of direct effects 
associated with greenhouse gas pollutants. In the next sub-section we then consider 
the measurement of indirect effects. 
 
The sub-module described in this report sub-section is used to calculate the monetary 
costs associated with direct greenhouse gas emissions for three pollutants: (i) carbon 
dioxide (CO2), (ii) nitrous oxide (NO2), and (iii) methane gas (CH4). Greenhouse gas 
emissions contribute to the well-documented problem of enhancing background levels 
of global warming and this has serious implications for the future well-being of 
human and ecological systems. Therefore, while greenhouse gas emissions may well 
be a natural, direct consequence of economic activity, they are also an unwanted cost 
and consequence of economic growth. We therefore subtract the annual cost 
associated with greenhouse gas emissions from our GPI worksheet. 
 
Calculating the monetary cost of greenhouse gas emissions is reliant on the trading of 
carbon dioxide on commercial markets. At present, we do not have operational 
markets for nitrous oxides and methane gas emissions. Therefore, in order to assess 
the monetary costs associated with these air emissions we convert them to carbon 
dioxide equivalents using published and scientifically well-established radiative-
forcing factors (Fussler & Gassmann 2000). To express nitrous oxide in carbon 
dioxide (radiative forcing) equivalent terms we multiply our nitrous oxide weight 
measurements by a factor 320. To express methane gas in carbon dioxide (radiative 
forcing) equivalent terms we multiply our methane gas weight measurements by a 
factor of 24.5.  
 
To calculate the amount of carbon dioxide emissions from our regional and catchment 
scale economies we use sector energy air emissions data supplied by Market 
Economics Limited in Auckland and based on the ECCA energy end-use database 
(EECA 1991). These data provide a snapshot of energy air emissions by economic 
sector for the 2001 base year of our model. These data are located in the biophysical 
flows and energy matrix [B], (Figure 21, sub-section 5.2.6) associated with our 
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economic state matrix [S]. These data are multiplied every time step of the economy 
environment (futures) models by the transition matrix [T], which defines in 
percentage terms the way each economic sector changes from one time step to 
another. This means of changing the state of our economic matrix [S] is based on the 
assumption that all biophysical flow and energy-related inputs will also change 
proportionally.   
 
The relationship between energy air emissions and increases in economic growth is 
likely to be mediated by technological efficiency, government regulations and market 
pressures in general. It is no longer socially acceptable for large industries to pollute 
in the flagrant manner they once did. Increasingly, even the visible evidence of 
measurable increases in air emissions from industry is enough to raise public 
opposition. This is a healthy feedback loop that will, it is hoped, create incentives for 
large industries to innovate and improve their ecological performance. How to model 
and anticipate future changes of this kind is difficult. Our economy environment 
(futures) models, based on proportional increases in air emissions coupled to 
economic growth, are probably reasonably accurate in the short to intermediate time 
horizons of the model. However, as these 2001 base year assumptions are pushed 
further and further out into the future, the range of potential upper and lower bounds 
for activities of this kind (i.e. error margins) becomes greater. This is because over the 
long term we must expect significant shifts in technological efficiency and market-
based incentives for efficiency gains of this kind. 
 
The mathematical calculation of energy-related, direct air emissions is reasonably 
simple. First, our economy environment module performs calculations every time step 
of the model that estimates the likely energy direct air emissions associated with 
sector economic growth and/or change. Using the shadow variables of Vensim we are 
able to build a sub-module in which we add all sector contributions to energy direct 
air emissions to produce an annual total for CO2, NO2 and CH4. In calculating this 
annual total, we separate out the contribution made by households to energy direct air 
emissions so that we are able to include these data in our GPI calculations. Because 
our GPI calculations are based on a consumption GDP and not on a production GDP, 
it is the cost of energy air emissions contributed to by household consumption of 
manufactured goods and services that we wish to estimate for our GPI accounts. The 
contribution made by the remainder of the production end of the economy is also of 
importance from a sustainable futures perspective, but not central to our GPI 
accounts. 
 
Once we have estimates for the physical amount (by weight) of energy air emissions 
we need to perform two further calculations. First, we need to convert CH4 and NO2 
into carbon dioxide equivalent terms. This is accomplished by multiplying the amount 
of each of these air emissions (tonnes/yr) by an appropriate radiative forcing 
conversion factor. Second, these CO2 equivalent measurements are then multiplied by 
inflation-adjusted, market pricing factors ($/tonne/yr). Using this simple mathematical 
method we are able to estimate the future cost of direct energy air emissions. 
 
We have derived estimates for the market price of carbon per tonne from a 
government working paper related to implementing a carbon tax (Cullen & Hodgson 
2005). This paper envisaged an initial tax rate of $15 per tonne and not exceeding $25 
per tonne during the first Kyoto commitment period (2008–2012). To create an 
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inflation-adjusted carbon tax price we have assumed the validity of an initial price of 
$15 per tonne in 2001 growing to $25 per tonne by 2015, and then to $35 per tonne by 
2025. This growth projection is based on a 3.5% annual increase, which is slightly 
higher than annual average CPI adjustments. This growth rate does generate a $25 per 
tonne price in 2018, which is 3 years later than the government estimate. Therefore, 
while the CPI adjusted growth rate is slightly more than the annual average CPI it 
may well be less than the growth rate the Treasury has used to estimate price 
increases during the first commitment period.  
 
At present, if we take global markets into consideration, an annual average price of 
$20–25US per tonne/yr is currently associated with international carbon pricing. We 
feel that our price estimate is therefore likely to err on the conservative side. As with 
all other modules in our dynamic GPI accounting model, it is easy to change this 
pricing growth rate data. We consider these figures to be a conservative starting point 
for exploring the impact of energy direct and indirect effects of CO2 equivalent air 
emissions on ecological and human well-being long term. 
 

 

Figure 46  The energy direct sub-module responsible for the calculation of annual pricing 
associated with the cost of green house gas emissions.  

 
Figure 46 contains a screen photo of the energy direct sub-module responsible for the 
calculation of the cost of green house gas air emissions. The sub-module shown in 
Figure 46 is used to calculate CO2 air emissions. A sub-module of near identical 
design is used for the calculation of energy direct NO2 and CH4 air emissions. In the 
top left-hand corner of this screen photo are the Vensim stocks and flow regulators 
responsible for the determination of annual CO2 equivalent market pricing. The 
Vensim stocks located in the middle of the figure add together the individual sector 
contributions to green house gas emissions. Pricing is applied to the sector 
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quantitative estimates of air emissions (tonnes/yr) with the aid of the Vensim stocks 
located at the bottom of the figure. This sub-module calculates pricing estimates for 
all regional and catchment scales of the model at the same time. The very last row of 
Vensim stock objects is responsible for the calculation of household energy direct air 
emission costs per year, for the various study areas, i.e. by column.  
 
Price estimates for the annual cost of energy direct CO2 equivalent air emissions are 
reported to the GPI worksheet where they are subtracted from the GPI accounts.  
 
(d) Indirect effects calculation sub-module (Table 10, items 5.6–5.8) 
The assessment of the costs associated with indirect effects for our economy 
environment (futures) models is virtually identical to what is described above for 
energy direct greenhouse gas emissions. However, some new explanation is required. 
 
First, the quantification of the physical change in energy direct air emissions is 
handled within the economic state matrix [S] by the proportional increase of 
biophysical base year (2001) data. In contrast, the quantification of indirect physical 
quantities is estimated using industry multipliers applied to household (final demand) 
and production (intermediate demand) expenditure data. We use this approach 
because the mathematical method needed to run these calculations within the existing 
economic structure of our economy environment (futures) models involves access to 
matrix inversion, a solution method Vensim does not provide. Therefore, we have 
chosen to use 24 sector industry multipliers derived from a detailed ecological 
footprint study of New Zealand’s regions (McDonald & Patterson 2002).  
 
These industry multipliers provide us with national average estimates of the amount 
of a given pollutant or energy type embodied in $1 million dollars of expenditure 
within a given 24-sector ANZSIC industry. We were able to adapt these multipliers to 
the (Nelson EDA) system of industry classification used in our model and use them to 
generate estimates of the physical quantities of biophysical pollutants and energy 
embodied in production and consumption expenditures for our model. These 
estimates of indirect effects could then be multiplied by appropriate price data. 
 
In the previous sub-module we attempted to estimate the annual costs associated with 
energy related, direct air emissions. In this sub-module, because of the availability of 
industry multipliers we are able to estimate a much broader collection of indirect 
effects including embodied: (i) carbon dioxide air emissions, (ii) end use energy, (iii) 
water takes and discharges, (iv) phosphates, (v) nitrates, and (vi) land. It would be 
possible to use all these estimates of embodied ecological effects and non-renewable 
energy use as a basis of adjustments in our GPI worksheet. However, in reality we do 
not have access to pricing information.  
 
Therefore, for the meantime we have concentrated on indirect (or embodied): carbon 
dioxide air emissions, enduse energy consumption and water pollutants. All these 
calculations are performed within one very large Vensim sub-module because the 
mathematical method used in these calculations is identical. We calculate an estimate 
of cost by multiplying the physical quantity of a biophysical pollutant (tonnes/yr) or 
end use energy type (GJ/yr) by an appropriate market price ($/tonne/yr or $/GJ/yr). 
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Indirect carbon dioxide – pricing data for the estimate of annual costs associated 
with indirect (or embodied) carbon dioxide air emissions has been derived from the 
growth projections of market prices for carbon taxes generated in the energy direct 
greenhouse gas air emissions sub-module. As described in the previous sub-section, 
this pricing data begins at $15 per tonne/yr (2001) and increases to $35 per tonne per 
year in 2025 (time step 25). These pricing data are applied to the physical quantities 
of CO2 embodied in annual household expenditures (calculated by using ecological 
footprint multipliers by economic industry). These annual cost data are reported to the 
GPI worksheet every time step of the model, where it is subtracted from the GPI 
accounts. 
 
Indirect end use energy – as explained in the non-renewable resources sub-module, 
25% of all electricity generated in New Zealand involves fossil fuel combustion and 
consequent generation of greenhouse gases. The remaining 75% of electricity 
generated in New Zealand comes from hydro-electricity. Therefore, we are primarily 
interested in 25% of the indirect end-use energy embodied in household expenditure. 
The remaining 75% we can ignore because it is generated from water, a renewable 
natural resource. Pricing data for calculating the annual cost of non-renewable, 
indirect, fossil fuel-based electricity enduse are derived from our direct ‘non-
renewable’ resource sub-module (sub-section 9.3.3 (a)). The mathematical 
calculations used to estimate direct electricity costs are also employed here on indirect 
end-use electricity data.  
 
Briefly, this involves the use of an inflation adjusted industrial gas price ($/GJ/yr) to 
calculate the annual cost of the 18% of indirect electricity generation in New Zealand 
associated with gas fired boiler systems. Likewise, we use an inflation adjusted 
thermal coal mix price ($/GJ/yr) to calculate the annual cost of the 7% of indirect 
electricity generation in New Zealand associated with coal fired boiler systems. It is 
important to note that what we are estimating here is a market-based price for the use 
of a non-renewable resource. We are not attempting to calculate the costs of carbon 
dioxide equivalent air emissions associated with burning fossil fuels in order to 
generate electricity. These green house gas air emissions are considered in the energy 
direct and indirect (CO2 equivalent) air emissions sub-modules.  
 
Indirect water takes and discharges – pricing information for water takes and 
discharges is derived from the Input Output Table used to build our economic state 
matrix [S]. The IO table provides us 2001 figures for the household expenditure on 
water services and the fixed capital formation expenditures on water services. We 
were able to use these base year data to estimate the cost of water takes and 
discharges to households ($/m3/yr) based on our water accounts, contained within the 
biophysical flows and energy matrix [B]. These data made it possible for us to 
estimate a 2001 price for water takes and discharges to which we then applied an 
annual inflation adjustment. These data produced a 2001 water take price of $0.82/m3 
and a 2001 water discharge price of $1.17/m3. Given the assumptions of our economic 
model, we believe this is a conservative base year price that we adjust for inflation at 
a rate of 2.1% per year as consistent with annual average inflation adjustments in 
other parts of our model. 
 
As mentioned earlier in our comments on the indirect effect mathematical method, it 
is very difficult to completely calculate the total contributory effect associated with 
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carbon dioxide, energy use, water takes and discharges embodied in household and 
industry expenditures. What we have attempted in this sub-module is to approach the 
estimation of these indirect effects for our study areas with national average industry 
multipliers applied to locally derived expenditure data. We believe this will provide a 
useful starting point to estimate the likely (lower end) orders of magnitude involved in 
our non-renewable resource use and pollution production associated with economic 
activity in our study areas. As always, further funding, the collection of improved 
local data, and the design of a different modelling framework would make possible 
improvements to these estimates.  
 

9.4 Summary 
In this report section we have described the GPI accounting module in technical terms 
and indicated its role in coupling and/or integrating together other components of our 
model. This section concludes our technical description of the model. In the next and 
final section of this report we attempt to show how the model performs when used to 
generate high, medium and low growth, business as usual scenarios for our various 
study areas.  
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10. Dynamic GPI accounting model performance 
The aim in writing this report was to focus on documenting a technical description of 
the dynamic GPI accounting model. For this reason we have not focused on 
demonstrating how the model has been applied because such use of the model should 
require stakeholder input. However, it is helpful to show the types of results that the 
model is capable of producing as an indication of how it can be applied and the utility 
of the information it is capable of providing. Therefore, the aim of this final section is 
to show how the model performs when high-, medium- and low-growth scenarios of 
‘business as usual’ model activity are run. In running these three model scenarios, the 
only changes made to the model involve setting up high-, medium- and low-growth 
projections, by economic sector and preferred choice of population growth scenario. 
All other variables in the model remain unchanged from what is described in this 
report.  
 

10.1 Setting up and running model scenarios 
As has been noted in most of the technical sections of this report, Vensim model 
building software provides tremendous flexibility for setting up and running the 
various component parts of this dynamic GPI accounting model. The various 
assumptions recorded in this report are mostly associated with variables or software 
variables in the model structure and these can be changed. By making changes to 
these variables it is possible to test model assumptions and, in many cases, update the 
model with superior data.  
 
To provide a relatively simple demonstration of how the model works we have set up 
three model scenarios by changing rates of growth in each of the economic sectors of 
the model. The business-as-usual or ‘medium’ economic growth projection of the 
model has been set up by using economic sector growth rates provided by Nelson 
economist John Cook, who was contracted by the Nelson EDA to conduct a review of 
the regional economic development strategy (REDs) (Cook 2007a,b). High and low 
model scenarios were set up by adjusting relevant economic sectors (up or down) by 1 
or 2 percentage points. These percentage changes are small and only intended to 
create porportionally equal upper and lower projections of economic growth (ref. 
Figure 47) for each spatially specific economy environment module (i.e. Motueka 
catchment, Nelson and Tasman). An example of these high-, medium- and low-
economic growth projections as measured by consumption GDP is shown in Figure 
47 for the Motueka catchment. A complete set of consumption GDP graphs for the 
Motueka catchment, Nelson, Tasman and Nelson Tasman can be found in Appendix 
III, compendiums A1-A4. 
 
In setting up and running high-, medium- and low-economic growth scenarios, we 
have used a medium population projection as our preferred choice of possible high-, 
medium- or low-population module scenarios. These three population growth data 
sets are available having been set up previously for use with the population module 
and are published in separate reports for the Nelson (Cole 2006c), Tasman (Cole 
2006d), Motueka catchment (Cole 2006e) and Nelson Tasman region (Cole 2006f). 
Setting up economic growth rates by sector and choosing to use a medium population 
growth projection as a basis for all three economic growth scenarios are the only 
changes that we have made to the dynamic GPI accounting model. We have chosen to 
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limit changes to the model for a very important reason. In running these three 
alternate economic growth scenarios we want to demonstrate how the dynamic GPI 
accounting model performs in a way that allows all the assumptions described in this 
technical report to influence the calculation of consumption GDP and GPI (2001–
2026). These three scenarios may be considered as a business-as-usual model runs 
across a range of high, medium and low economic growth.  
 
As has been noted on numerous occasions in this report, the assumptions currently 
associated with the various component modules of the dynamic GPI accounting 
model may be considered as conservative and likely to err on the side of being too 
low rather than too high. An interested stakeholder group could change these 
assumptions to express differing risk scenarios that they feel are more appropriate. 
However, a business-as-usual projection of the model makes it possible to see what 
happens when the model is run in a ‘conservative’, ‘low risk’ region of parameter 
space. By running the model in this simple way, interesting discoveries already begin 
to emerge from model results. This, we feel, provides a simple but useful way of 
demonstrating the value of the model. 
 

 

Figure 47  High, medium and low economic growth projections for the Motueka catchment 
as measured by consumption GDP used in GPI accounting calculations. 

 

10.2 Reporting on GPI accounting results in this report 
In providing results for these three scenario runs of the model we have decided to 
constrain our reporting of results to a set of graphs that portray changes in the 
accounting adjustments made in our GPI accounting module. This will make it 
possible for the reader to visually assess the behaviour of all of the indicators of GPI 
accounting for the spatial part of the dynamic GPI accounting model that they are 
particularly interested in. Because the model is so data rich, by applying this 
constraint on results reporting, we have already had to create and document in this 
report a total of 148 graphs (i.e. 37 for each spatially specific area of the model). It 
would not be possible to integrate these graphs into this report section with 
appropriate narrative seeking to explain the significance of each graph. Instead, we 
have placed all GPI accounting graphs into 4 different data compendiums to this 
report as follows: 
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Appendix III, compendium A1 contains all Motueka catchment GPI accounting graphs 
Appendix III, compendium A2 contains all GPI accounting graphs for Nelson City 
Appendix III, compendium A3 contains all GPI accounting graphs for Tasman District 
Appendix III, compendium A4 contains all GPI accounting graphs for Nelson Tasman 

 

Table 26  GPI worksheet (adapted from page 125 of this report) with index of Figure 
numbers for the results graphs of the Motueka catchment. 

Figure No. Description of accounting adjustment Benefit/Cost 
Figure 1 Gross domestic product GDP 
Figure 2 Estimate of consumption GDP cGDP 

 Consumption expenditure adjustments   
Figure 3 Consumption expenditures adjusted for income distribution Cost 
Figure 4 Value of services derived from consumer durables Benefit 
Figure 5 Non-defensive government expenditures Benefit 
Figure 6 Value of public infrastructure services Benefit 
Figure 7 Net capital investment Cost 
Figure 8 Cost of household and personal debt servicing Cost 
Figure 9 Sum total of consumption expenditure adjustments Net cost 

 Unpaid work adjustments   
Figure 10 Value of housework Benefit 
Figure 11 Value of parenting and eldercare Benefit 
Figure 12 Value of volunteer work Benefit 
Figure 13 Value of free time Benefit 
Figure 14 Sum total of unpaid work adjustments Net benefit 

 Adjustments for social costs   
Figure 15 Cost of consumer durables Cost 
Figure 16 Cost of unemployment and underemployment Cost 
Figure 17 Cost of loss of productivity due to un- and underemployment Cost 
Figure 18 Cost of auto crashes Cost 
Figure 19 Cost of commuting Cost 
Figure 20 Cost of crime prevention Cost 
Figure 21 Cost of family breakdown Cost 
Figure 22 Cost of suicide Cost 
Figure 23 Cost of gambling Cost 
Figure 24 Sum total of social cost adjustments Net cost 

 Adjustments for environmental costs  
Figure 25 Cost of non-renewable resource use Cost 
Figure 26 Provision of local ecosystem goods and services Benefit 
Figure 27 Energy direct CO2 pollution Cost 
Figure 28 Energy direct N20 pollution Cost 
Figure 29 Energy direct CH4 pollution Cost 
Figure 30 Energy indirect CO2 equivalent pollution Cost 

Figure 31/32 Cost of indirect water discharge and takes Cost 
Figure 33/34 Cost of indirect non-renewable energy use (gas and coal) Cost 

Figure 35 Sum total of social cost adjustments Net cost 
 Figure 36 Genuine progress indicator GPI 
Figure 37 A comparison of GDP and GDI GDP/GPI 
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For the convenience of those who are still new to GPI accounting, each of the 
Appendix III compendiums to this report contains a GPI accounting worksheet on the 
first page that has been adapted from Table 10 (see p. 104) (i.e. the section on the GPI 
accounting module). These compendium Tables have been adapted so that they 
provide an index of all 37 Figures (i.e. graphs) contained within each compendium 
along with a description of the role a given graph plays in GPI accounting terms. An 
illustration of one of these compendium Tables for the Motueka catchment is shown 
in Table 26. 
 
Column 1 of Table 26 contains an index or list of all graph Figures contained within 
the Motueka catchment results compendium (Appendix III, compendium A1). 
Column 2 contains a list of descriptors that explain the role each graph plays as an 
adjustment to consumption GDP used in creating a GPI. Headings in bold text have 
been added to various rows of column 2 to indicate groupings of the various 
accounting adjustments into the 4 GPI accounting areas: (i) consumption expenditure 
adjustments; (ii) unpaid work adjustments; (iii) social adjustments; and (iv) 
environmental/ecological adjustments. Column 3 contains a list of descriptors that 
indicate whether a given adjustment is a cost or a benefit. Costs are subtracted from 
consumption GDP and benefits are added to consumption GDP.  
 
For the convenience of the reader, Figures 1 and 2 in each compendium are graphs of 
production and consumption GDP. Figures 36 and 37 are graphs of GPI and a 
comparison of GPI model projections with consumption GDP projections. All graphs 
contained within the various Appendix III compendiums have ‘time’ in years (2001–
2026) on the x axis. The various GPI accounting variables are located on the y axis of 
graphs and are measured in New Zealand dollar terms. The monetary data on the y 
axis are expressed in $NZ2001 because it is not possible (a priori) to adjust these data 
for future purchasing power parity. Annotation is used on the right hand side of each 
graph to colour-code and name high, medium and low model projections. Written 
Figure captions also explain the role of each graph in GPI accounting terms.  
 
By starting evaluation of these graphs with Figure 2 (i.e. consumption GDP), the 
reader will be able to move, graph by graph, through all the accounting adjustments 
required to adjust consumption GDP for expenditure, unpaid work, social and 
environmental costs/benefits, thus arriving at a genuine progress indicator. In the next 
sub-section of this report we comment on some of the more unusual-looking graphs in 
an attempt to explain their behaviour. We also comment on the significance of 
GDP/GPI comparison graphs (Figure 37). A final sub-section contains our concluding 
remarks. 
 

10.3 Explaining key adjustment results 
The reasons for the behaviour of some of the graphs listed in Appendix III data 
compendiums will not be immediately clear to the reader. In this sub-section we 
attempt to explain key graph results and also to provide guidance on the interpretation 
of GDP/GPI comparative graphs.  
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10.3.1 Explaining the reason for decline in the estimated value of consumer 
durables 

The first graph we wish to explain the behaviour of is associated with Figures 4, 9, 15 
and, to a certain extent, with Figures 36 and 37 of Appendix III compendiums A1-A4. 
In particular, we wish to draw attention to the characteristic decline and recovery 
depicted in Figure 48 (below) between the years 2010 and 2013. This decline and 
recovery portrays the influence of a soft variable located in the consumer durables 
sub-module of the GPI accounting module (Figure 49). This soft variable is used to 
provide the consumer durables sub-module with information for each model time step 
on what percentage of household income is spent on consumer durables. This soft 
variable was set up to show a slight percentage decline in household spending during 
the years 2010–2013 because of the global economic recession.  
 
It would also have been possible and perhaps appropriate to have shown the influence 
of the global recession on the growth of each sector in the economy environment 
modules. This could have been done by making small percentage adjustments to the 
economic sector ‘soft variables’ as shown in Figure 49. We have not done this, as we 
wish to keep the economic growth percentages ‘linear’ and as simple as possible. 
Greater realism of this kind can easily be added later. In the case of household 
spending on consumer durables this small percentage change in purchasing was added 
to: (i) acknowledge the existence of a temporary reduction in consumer durable 
spending, and by doing this, (ii) illustrate the influence of changes in individual soft 
variables on our model results. In this illustration, the systemic nature of the dynamic 
GPI accounting model can be seen. This one small change has influenced the 
behaviour of the graphs shown in Figures 4, 9, 15 and to a certain extent the actual 
GPI results (Figures 36 and 37).  
 

 

Figure 48  This graph shows high, medium and low growth projections of the estimated value 
derived from the use of consumer durables for the Motueka catchment as part of 
the calculation of a GPI (2001-2025). This Figure is copied from Figure 4 of 
Appendix III compendium A1. 

 
This simple illustration of the influence of small percentage changes in one soft 
variable on the behaviour of GPI accounting results helps explain why it is important 
to run the dynamic GPI accounting model initially in a business-as-usual mode in 
which changes to system variables are kept to a minimum. By following this 
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procedure we reduce behavioural ‘noise’ that would make it difficult to see if the 
model was generating the expected results. Changes depicted in Figure 18 of 
Appendix III compendiums A1-A4 are also the result of future assumptions 
associated with a soft variable for motor vehicle accident rates. 
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Figure 49  A soft variable graph copied from the value of consumer durables sub-module of 
the GPI accounting module. This graph shows the behaviour of the 
‘StatsNZ_consumer_durable % of HH variable’ responsible for the decline and 
recovery (2010-2013) shown in Figure 48. 

 

10.3.2  Explaining the behaviour of superimposed graph lines 
Figure 5, Appendix III compendiums A1-A4 is another graph of particular interest 
and depicted below in Figure 50. The colour coding annotation in Figure 50 suggests 
this graph contains three sets of data as graph lines coloured green, red and blue. 
However, the graph shown in Figure 50 contains only one solid blue line. In this case, 
three graph lines have been superimposed on top of each other. This indicates that the 
high-, medium- and low-scenario runs for this accounting variable have produced 
results that are so close it is not possible to distinguish visually between them in graph 
form of this kind. This same explanation applies for Figures 10, 11, 12, 13, 14, 18, 19, 
20, 21, 22, 26a, and 26b. The closeness of these results is partly a consequence of 
running the model in business as usual mode. Were we to change the assumptions (i.e. 
variables or soft variables) on which these results are calculated, more pronounced 
differentiation would occur. 
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Figure 50  A copy of Figure 5 taken from Appendix III, compendium A1 for the Motueka 
catchment. This graph shows the estimated value of non-defensive government 
expenditures. 

 

10.3.3 Explaining the behaviour of changes in the cost of unemployment 
Figures 16 and 17 of Appendix III compendiums A1-A4 also require explanation. 
These two graphs show the costs of unemployment and underemployment to the local 
economy. As illustrated in Figure 51, these graphs indicate that the cost of 
unemployment rises at the beginning of the model scenario run, reaches a peak about 
the year 2009–2010, then goes into decline. The reason for this behaviour will be 
linked with the two drivers of labour market behaviour in the model (i.e. economic 
growth by sector and demographic change by individual age cohort). Given that our 
high, medium, and low scenarios involve constant, linear economic growth rates by 
sector, it is unlikely this labour market behaviour is being caused by shifts in 
economic growth in the short term. By deduction, this leaves us with labour market 
change that is generated by the demographic module as the only other possible 
explanation. While this explanation would warrant closer investigation, it is most 
likely that this labour market behaviour reflects a movement or shift in age structure 
in the demographic module.  
 

10.3.4 Explaining the behaviour of decline in estimates of ecosystem services 
value 

Graphs 26a and 26b of Appendix III, compendiums A1-A4, require explanation as 
they seem to imply that indirect and direct value contributions of ecosystem services 
is declining over time, even though we have made no changes to the mixture of land 
uses in these high, medium and low scenarios of the model (Figure 52).  
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Figure 51  A copy of Figure 16 taken from Appendix III, compendium A1 for the Motueka 
catchment. This graph shows changes in the cost of unemployment for the time 
horizon of the model for high, medium, and low model scenarios (2001-2026). 

 
The explanation for the decline of indirect and direct value contributions made by 
local ecosystem services lies in the fact that this contribution to GDP has been 
adjusted for the embodied portion of local ecosystem goods and services contained in 
economic goods and services exported from a spatially specific part of the model. 
Thus, as the economy grows and exports increase, a proportionally larger and larger 
adjustment needs to be made to indirect and direct value estimates of ecosystem 
services, which is why these graphs appear to be in decline.   
 

 

Figure 52  A copy of Figure 26a taken from Appendix III, compendium A1 for the Motueka 
catchment. This graph shows the direct and indirect value contribution of local 
ecosystem services (2001-2026). 

 

10.3.5 Explaining the behaviour of comparative GDP/GPI graphs 
Finally, Figure 36 of Appendix III compendiums A1-A4 needs to be explained so that 
the important message contained in these comparative graphs of future consumption 
GDP and estimated GPI is not missed. Once again, we have used a graph containing 
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GDP/GPI results for the Motueka catchment to help visually illustrate and explain this 
point (Figure 53). 
 

 

Figure 53  A copy of Figure 36 taken from Appendix III, compendium A1 for the Motueka 
catchment. This graph shows a comparison of high, medium and low model 
results associated with the model calculation of consumption GDP and estimation 
of GPI (2001-2026). 

 
The first interesting observation that can be made of the graph depicted in Figure 53 is 
that the behaviour of GDP and GPI graph lines seems to be very similar and separated 
only by a monetary distance of approximately $140 million. This result has a positive 
message associated with it. These model results show that, given the assumptions on 
which the high, medium, and low economic growth scenarios have been run, our 
indicator of genuine progress (i.e. GPI) continues to follow the upward growth 
behaviour of consumption GDP. If we follow the logic of these results through then 
we might be tempted to conclude that more local growth in GDP will actually turn out 
to be good for (future) genuine progress, contrary to what international published 
literature on this topic has been saying. Before drawing this conclusion it is helpful to 
consider the following points while interpreting these results.  
 
First, the model results depicted in Figure 53 were generated by a run of the dynamic 
GPI accounting model involving ‘conservative’ and ‘low risk’ assumptions. In other 
words, the current GPI results are partly a consequence of these assumptions about the 
future. Given that we have now run the model in the ‘conservative’ and ‘lower risk’ 
region of parameter space, future changes to model assumptions will, overall, be in 
the upward direction and this will tend to adjust the GPI projections shown in Figure 
53 down, rather than up closer to current GDP trajectories. For this reason it is 
important not to draw too much about genuine progress from these results. However, 
even if we accept that the GDP and GPI projections shown in Figure 53 are basically 
acceptable, we still have two, rather worrisome problems to consider.  
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Figure 54  The graph shown in Figure 52 has been redrawn to illustrate the area of the 
graph that denotes estimated GPI benefits and estimated costs of GDP. 

 
Figure 53 has been redrawn in Figure 54 with the addition of annotation and shading 
that shows the two main regions of this graph that represent (i) the estimated costs of 
generating annual consumption GDP, and (ii) the estimated GPI benefits. The high, 
medium and low GPI graph lines that separate these two regions of the graph are an 
artefact of the GPI accounts. It is possible to move these lines up or down (as 
indicated by arrows) depending on what we measure in our GPI accounts. This is an 
important point. When seeking to estimate social and environmental/ecological values 
there is never a time at which we can say ‘we have now completely measured all 
appropriate values’ associated with a given situation or problem. The idea of being 
able to measure all value is theoretically and methodologically very difficult to 
defend. While economists use the term ‘total value’, it is only ever applied in 
‘accounting terms’ not ‘real world’ terms. This point is crucial to understanding the 
meaning of GPI accounting results. The GPI results depicted in Figures 53 and 54 are 
based on an assessment of ecological, economic and social values that are 
conservative and low risk. Our point in using such assumptions is not to imply that a 
GPI result of this kind indicates genuine progress success. Rather, these model 
assumptions help us play out (with the assistance of the dynamic GPI accounting 
model) the logical implications of what we are currently doing based on a 
conservative, low risk assessment of social, economic and ecological/environment 
value. When we look more closely at the accounting figures that make up the current 
GPI line boundary shown in Figures 53 and 54 two further problems become more 
visible. To help understand these problems more clearly we have built Table 27. 
 

Table 27  A comparison of GPI accounting model data for time step 1 (2001). 
Acct. 
Adjustment  

Motueka (2001) Nelson (2001) Tasman (2001) Nelson Tasman 
(2001) 

cGDP 212,199,000.00  954,795,000.00  870,544,000.00  1,825,340,000.00  
Expenditure adj. (102,673,000.00) (538,134,000.00) (419,085,000.00) (957,219,000.00) 
Unpaid work adj. 114,547,000.00  483,638,000.00  495,650,000.00  979,287,000.00  
Social adj. (134,964,000.00) (572,883,000.00) (558,124,000.00) (1,131,010,000.00) 
Environment adj. (18,433,900.00) (178,876,000.00) (173,371,000.00) (352,248,000.00) 
Total adjustment (141,523,900.00) (806,255,000.00) (654,930,000.00) (1,461,190,000.00) 
GPI 70,675,100.00  148,540,000.00  215,614,000.00  364,150,000.00  
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Table 27 provides a comparison of the sum total expenditure, unpaid work, social and 
environmental accounting adjustments used to create GPIs for time step 1 of the 
model (year 2001) for Motueka catchment (column 2), Nelson city (column 3), 
Tasman District (column 4) and Nelson Tasman (column 5). Row 2 contains model 
estimates of consumption GDP. Rows 3–6 contain respective sum total expenditure, 
unpaid work, social, and environmental adjustments used to calculate GPI (row 8). 
The sum total adjustment made to consumption GDP in order to estimate GPI is 
located in row 7. Having described the layout of Table 23 we now return to the use of 
these results to identify two further problems associated with the positioning of the 
GPI boundary lines depicted in Figures 53/54. 
 
First, row 7 of Table 27 shows in monetary terms the scale of the distance between 
the GPI boundary line and the GDP graph lines in Figures 53/54. In the case of the 
Motueka catchment, in 2001 the local economy generated an estimated $212M 
consumption GDP; $141M of which was propped up by social, environmental and 
expenditure related costs. In accounting terms, in 2001 the Motueka catchment made 
$70.5M worth of genuine progress by generating social, environmental and 
expenditure costs of $141M. Thus, the genuine progress boundary line in Figures 53 
and 54 represents genuine progress in ‘name only’. Without modelling and 
accounting tools of the kind employed in this dynamic GPI accounting model 
framework, it is not possible to clearly understand the value proposition that the local 
Motueka catchment economy is using in order to generate what we might be tempted 
to call ‘genuine progress’. What these accounts appear to show is that progress made 
in the Motueka catchment, Nelson City, Tasman District and in Nelson Tasman in 
2001 is actually unsustainable. 
 
Second, the remaining $70M GPI of column 2, Table 23, is also not as secure as it 
might at first appear. If we were to adjust this GPI by subtracting the monetary 
contribution made to the Motueka economy in 2001 by unpaid labour (i.e. $114.5M) 
then our $70M indicator of genuine progress actually becomes a $44.5M liability. 
Nationally, the level of unpaid labour in New Zealand is extremely high. We prop up 
our economy by not paying people for valid contributions of direct and indirect 
work/labour towards GDP. The higher we go in terms of spatial scale the more 
evident this problem becomes. In Nelson Tasman (2001) (row 4, column 5), the 
unpaid work bill is approximately $1B, more than half the total consumption GDP for 
the two regions combined. If we were to remove this monetary contribution to Nelson 
Tasman then what was a $364M GPI in 2001 actually becomes a $615M liability (i.e. 
an unpaid labour bill). The further out into the future the model is pushed (i.e. 2026), 
the larger these accounting inconsistencies become. This is not the only problem with 
these accounting results. The same Nelson Tasman economy created $1.8B 
consumption GDP in 2001 by creating $1.1B worth of social costs, $350M worth of 
environmental costs and approximately $1B worth of expenditure related accounting 
adjustment costs (which includes unequal income distribution).  
 
The important point we are seeking to make in this discussion is that to understand 
GPI accounting results fully it is necessary to look beyond the graph lines to the 
accounting figures on which the graphs are based. We can only do this when we keep 
appropriate accounting records and this, in very simple terms, is the pressing need that 
this model building research programme has aimed to respond to. When we are able 
to look beyond the graph lines, these conservative, low risk and business-as-usual 
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scenarios are potentially a source of important instruction about the future we are now 
creating. 
 

10.4 Concluding remarks 
This report has been written to provide a technical explanation for a dynamic GPI 
accounting model developed to help explore and contribute towards ecologically 
sustainable, socially fairer, and economically realistic futures for the Nelson Tasman 
regions and Motueka catchment. With a clearer understanding of this development 
context in mind, it should now be possible to read the various sections of this report, 
focusing on the technical aspects of our model, with better appreciation of why the 
model has been developed the way it has.  
 
While the technical explanations provided in this report are probably only of interest 
to experienced model builders, we believe the report makes other important 
contributions associated with documenting a model building process that has taken 2–
3 years of work (fulltime) and involved a considerable amount of stakeholder 
involvement at various times and to varying degrees. For this reason, in parts of this 
technical report we have taken the liberty of using a more narrative writing style. We 
have also documented the theory used to build this model, the datasets used to support 
mathematical equations, and the many assumptions associated with each stage of the 
model building process. As such, this report also provides a valuable resource for use 
in working with the model, exploring future scenarios, and interpreting results.  
 
We have focused this report on explaining the development of a prototype model but 
have given very little attention to the question of real-world testing. The model results 
outlined in this final report section will, we hope, help demonstrate something of the 
practical value of the model. The science funding situation in New Zealand has 
greatly changed since this model building work was started. It currently seems 
unlikely that work on the real world application of this model will be financially 
possible. Therefore, in writing this detailed report we have attempted to document 
faithfully what was achieved in this research funding ‘era’ so that at some time in the 
future, others will be able to continue this important line of work.  
 
While no individual module or sub-module of this dynamic GPI accounting model 
constitutes an outstanding theoretical or mathematical achievement in its own right, 
we believe the model (entire) represents an important contribution in the area of 
synthesis. This dynamic GPI accounting model is one of a very new generation of 
modelling tools that we hope will one day become fully integrated into planning 
practice and the economic management of our regions and catchments. In the mean 
time, this model-building project represents an important working prototype that helps 
us see more clearly (i) where we are heading, (ii) what the likely sustainability 
implications of our current economic growth pathways are, and (iii) what the future of 
sustainability science, planning and policy making is likely to be.  
 
It seems fitting to end this report with a quote by the famous statistician George P 
Box, who in his book on ‘response surface methodology’, co-authored with Norman 
R Draper, states “essentially all models are wrong but some are useful”. With a model 
of the scale and complexity of the one described in the pages of this technical report it 
would be very easy to find things that seem to be wrong, simply because all models 
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are essentially wrong. However, the value of this quote lies not in its statement of the 
obvious, but in its ability to remind us of the need to look beyond that which is 
obviously ‘wrong’ to see that which is of utility and value. If this report can be read 
with the lesson from this quotation in mind, this dynamic GPI accounting model, 
which, we as model builders know to be wrong, may well turn out to be useful and of 
practical value.  
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Appendix I Running population model scenarios – an explanation 
 
A forecast is synonymous with the concept of a prediction. A prediction is a statement 
or claim that a given event will occur in the future. The aim of population modelling 
research is not to concentrate on making exact predictions as this is very difficult for a 
number of reasons including: (i) uncertainty about future events that may impact on 
historic population growth trends, (ii) inherent sampling error present in historic data 
used as a basis for model projections, (iii) incomplete understanding about the exact 
nature of drivers of local population change.  
 
In contrast to forecasting or predicting, the focus of attention in population modelling 
research used in this project has been to seek to project historic data trends forward 
and combine them with assumptions about the nature and future timing of long-term 
patterns of drift or change in local population drivers. The term used to describe this 
type of model building and application is ‘scenario modelling’. In this approach, the 
focus of attention is not the calculation of exact figures, but the exploration of a likely 
range of future behaviours based on current knowledge and available data.  
 
If we assume that historic population data involves sampling error of between 0 and 5 
percent, then the low and high projections can statistically be thought of as providing 
a 95 percent confidence interval. Given this assumption, to plan for the future based 
on low projection values would involve somewhere in the order of 95 percent 
confidence. Likewise, to plan for the future based on the medium projection would 
involve a 47–50 percent confidence, etc. 
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Appendix II A compendium of data Tables containing population model results 
 

Table A1  Low, medium and high population projection data for the Nelson Tasman region with historic data shaded in grey. 
Time (years) 1981 1986 1991 1996 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Total Male Population (L) 31809 33627 36204 39762 40803 41681 42050 42410 42762 43107 43447 43783 44119 44453 
Total Female Population (L) 32487 33936 36675 40515 42120 43178 43753 44325 44898 45472 46051 46637 47231 47837 
Total Population (L) 64296 67560 72879 80277 82923 84860 85805 86737 87660 88581 89500 90422 91351 92290 
Total Male Population (M) 31809 33627 36204 39762 40803 41686 42071 42464 42866 43279 43704 44140 44591 45058 
Total Female Population (M) 32487 33936 36675 40515 42120 43185 43780 44389 45017 45664 46335 47029 47749 48497 
Total Population (M) 64296 67560 72879 80277 82923 84872 85852 86855 87884 88945 90039 91169 92341 93555 
Total Male Population (H) 31809 33627 36204 39762 40803 41686 42087 42515 42967 43447 43955 44492 45062 45663 
Total Female Population (H) 32487 33936 36675 40515 42120 43185 43797 44440 45119 45836 46592 47392 48236 49128 
Total Population (H) 64296 67560 72879 80277 82923 84872 85886 86957 88087 89283 90547 91885 93298 94792 
 
Continued … 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 
44788 45127 45468 45812 46162 46517 46880 47250 47627 48011 48404 48806 49214 49632 50056 50487 
48454 49082 49723 50379 51048 51732 52430 53143 53870 54611 55365 56132 56909 57697 58496 59305 
93242 94209 95192 96192 97211 98251 99312 100394 101498 102624 103771 104938 106125 107331 108554 109793 
45540 46039 46555 47089 47642 48214 48806 49419 50053 50707 51383 52079 52796 53535 54294 55073 
49273 50081 50918 51786 52686 53617 54580 55574 56600 57658 58746 59863 61011 62188 63393 64626 
94814 96121 97474 98877 100329 101833 103388 104995 106654 108365 110129 111944 113809 115723 117687 119700 
46298 46969 47675 48418 49199 50020 50880 51782 52726 53713 54744 55820 56941 58109 59324 60586 
50069 51061 52105 53201 54352 55559 56821 58140 59517 60951 62445 63998 65610 67283 69015 70809 
96368 98030 99780 101620 103552 105579 107701 109922 112243 114666 117190 119819 122552 125392 128340 131397 
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Table A2  Low, medium and high birth and death projection data for the Nelson Tasman region with historic data shaded in grey. 
Time (years) 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
Total Births (L) 1006 1009 1014 1037 1048 1051 1048 1044 1041 1037 1033 1030 1026 1022 
Total Deaths (L) 671 632 566 627 651 683 674 663 652 642 631 621 611 602 
Births - Deaths (L) 335 377 448 410 397 368 374 381 388 395 402 409 415 420 
Total Births (M) 1006 1009 1014 1037 1048 1052 1049 1046 1043 1039 1036 1033 1030 1027 
Total Deaths (M) 671 632 566 627 651 683 677 669 662 654 646 639 632 625 
Births - Deaths (M) 335 377 448 410 397 369 372 376 381 386 390 395 398 401 
Total Births (H) 1006 1009 1014 1037 1048 1052 1050 1048 1047 1045 1043 1041 1039 1037 
Total Deaths (H) 671 632 566 627 651 683 678 672 665 658 652 646 640 634 
Births - Deaths (H) 335 377 448 410 397 369 372 376 381 386 391 395 399 403 
 
Continued … 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 
1018 1014 1009 1005 1000 996 991 986 982 977 972 967 962 957 952 947 942 
593 586 580 575 570 565 559 554 549 543 537 531 524 518 510 503 495 
425 428 429 430 431 431 432 432 433 434 435 436 438 440 442 444 447 

1023 1020 1016 1013 1009 1005 1001 997 994 990 985 981 977 973 969 965 960 
619 613 610 607 604 601 598 595 592 588 585 581 577 573 568 563 558 
404 406 406 406 405 404 404 403 402 401 401 400 400 400 401 402 403 

1035 1033 1030 1028 1026 1023 1021 1018 1016 1013 1011 1008 1006 1003 1001 998 996 
629 625 623 621 619 618 616 615 614 612 611 609 608 606 603 601 598 
406 408 408 407 407 406 405 403 402 401 400 399 398 398 397 397 398 
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Table A3  Low, medium and high international migration projection data for the Nelson Tasman region with historic data shaded in grey. 
Time (years) 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
International Arrivals (L) 820 2007 1337 869 853 865 959 766 726 821 799 823 835 847 859 
International Departs (L) 337 744 673 700 752 852 906 1141 1161 1192 1104 1080 1049 1022 996 
Total International Migration (L) 483 1263 664 169 101 13 53 -375 -435 -371 -305 -256 -215 -175 -137 
International Arrivals (M) 820 2007 1337 869 853 865 959 766 726 821 799 824 836 850 865 
International Departs (M) 337 744 673 700 752 852 906 1141 1161 1192 1104 1081 1052 1025 1002 
Total International Migration (M) 483 1263 664 169 101 13 53 -375 -435 -371 -305 -257 -215 -175 -137 
International Arrivals (H) 1060 2205 1556 1176 1169 1213 1292 1127 1082 1151 1098 1117 1126 1136 1147 
International Departs (H) 537 772 665 774 830 920 965 1161 1190 1217 1262 1232 1198 1167 1139 
Total International Migration (H) 523 1433 891 402 339 293 326 -34 -107 -66 -164 -115 -71 -30 9 
 
Continued … 
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 
872 885 899 913 928 943 959 975 991 1008 1024 1041 1058 1074 1091 1106 1122 1137 1151 1164 1177 
972 950 929 909 891 873 856 839 822 805 788 770 753 735 716 698 679 659 639 619 599 
-100 -65 -30 4 37 70 103 136 170 203 237 271 305 339 374 409 443 478 512 545 578 
881 898 916 935 954 974 995 1016 1038 1060 1083 1105 1128 1151 1173 1196 1218 1240 1261 1281 1302 
981 961 943 927 911 896 881 867 853 839 824 810 794 779 763 747 730 713 696 678 661 
-99 -63 -27 8 43 78 114 149 185 222 259 296 334 372 410 449 488 527 565 604 642 

1159 1172 1185 1200 1216 1233 1250 1269 1289 1309 1331 1353 1376 1400 1424 1448 1954 2004 2054 2104 2154 
1113 1092 1073 1055 1038 1023 1008 994 980 966 953 939 925 911 897 883 1099 1071 1043 1014 985 

46 80 113 145 178 210 243 276 309 343 378 414 451 488 527 565 855 934 1012 1092 1170 
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Table A4  Low, medium and high near area migration projection data for the Nelson Tasman region with historic data shaded in grey. 
 Time (years) 1981 1986 1991 1996 2001 2002 2003 2004 2005 2006 2007 2008 2009 
Net Arrivals from Near Area (L) 818 754 961 1021 1018 1023 1025 1029 1034 1040 1048 1058 1069 
Net Departs to Near Area (L) 818 754 961 1021 1018 1023 1025 1029 1034 1040 1048 1058 1069 
Total Near Area Migration (L) 0 0 0 0 0 0 0 0 0 0 0 0 0 
Net Arrivals from Near Area (M) 818 754 961 1021 1018 1015 1006 996 986 976 966 957 948 
Net Departs to Near Area (M) 818 754 961 1021 1018 1015 1006 996 986 976 966 957 948 
Total Near Area Migration (M) 0 0 0 0 0 0 0 0 0 0 0 0 0 
Net Arrivals from Near Area (H) 818 754 961 1021 1018 1017 1010 1001 993 985 976 968 960 
Net Departs to Near Area (H) 818 754 961 1021 1018 1017 1010 1001 993 985 976 968 960 
Total Near Area Migration (H) 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
Continued … 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 
1081 1095 1110 1127 1145 1165 1186 1208 1232 1258 1285 1314 1344 1376 1410 1445 1482 
1081 1095 1110 1127 1145 1165 1186 1208 1232 1258 1285 1314 1344 1376 1410 1445 1482 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
940 931 923 915 908 900 893 886 879 872 866 859 853 846 839 832 826 
940 931 923 915 908 900 893 886 879 872 866 859 853 846 839 832 826 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
952 945 937 930 923 916 910 904 898 892 886 880 874 869 863 857 852 
952 945 937 930 923 916 910 904 898 892 886 880 874 869 863 857 852 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table A5  Low, medium and high rest of New Zealand migration projection data for the Nelson Tasman region with historic data shaded in grey. 
Time (years) 1981 1986 1991 1996 2001 2002 2003 2004 2005 2006 2007 2008 2009 
Arrivals from RONZ (L) 2127 2236 2350 3265 3577 3569 3490 3409 3327 3245 3164 3083 3003 
Departs to RONZ (L) 1651 1615 1390 1671 1695 1676 1652 1623 1592 1557 1521 1483 1444 
Total RONZ Arrival-Departs (L) 476 621 959 1594 1882 1893 1839 1786 1736 1688 1643 1601 1560 
Arrivals from RONZ (M) 2127 2236 2350 3265 3577 3604 3557 3511 3465 3419 3375 3331 3289 
Departs to RONZ (M) 1651 1615 1390 1671 1695 1671 1641 1609 1575 1539 1503 1465 1427 
Total RONZ Arrival-Departs (M) 476 621 959 1594 1882 1932 1916 1902 1891 1881 1873 1867 1862 
Arrivals from RONZ (H) 2127 2236 2350 3265 3577 3628 3609 3591 3575 3561 3550 3539 3531 
Departs to RONZ (H) 1651 1615 1390 1671 1695 1666 1632 1597 1561 1525 1488 1451 1414 
Total RONZ Arrival-Departs (H) 476 621 959 1594 1882 1963 1977 1994 2014 2037 2062 2089 2117 
 
Continued … 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 
2925 2848 2772 2698 2625 2553 2484 2416 2350 2286 2224 2164 2106 2049 1995 1944 1893 
1404 1362 1320 1278 1235 1192 1150 1107 1066 1024 984 945 907 869 833 799 765 
1522 1487 1453 1421 1391 1362 1335 1310 1286 1263 1241 1220 1200 1181 1163 1145 1128 
3247 3206 3167 3128 3091 3055 3021 2987 2955 2925 2896 2868 2843 2819 2797 2777 2759 
1388 1349 1309 1269 1230 1191 1152 1113 1076 1039 1002 967 933 900 868 837 807 
1859 1859 1859 1860 1862 1865 1869 1874 1879 1887 1894 1902 1911 1920 1930 1941 1952 
3526 3522 3520 3521 3524 3529 3537 3548 3561 3577 3596 3618 3645 3674 3708 3745 3788 
1377 1341 1304 1268 1232 1197 1162 1128 1095 1063 1032 1001 972 944 917 891 867 
2149 2182 2217 2254 2292 2333 2375 2419 2465 2514 2564 2617 2672 2730 2791 2854 2921 
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Appendix III  A compendium of graphs of genuine progress indicator (GPI) 
results for the Motueka catchment, Nelson, Tasman and Nelson 
Tasman regions 

Compendium A1 Graphs of projected GPI accounting adjustments (2001-2025) 
for the Motueka Catchment 

 

Table 1 GPI worksheet (adapted from page 125 of this report) with index of Figures for 
Appendix III. 

Figure Description of accounting adjustment Benefit/Cost 
Figure 1 Gross domestic product GDP 
Figure 2 Estimate of consumption GDP cGDP 

 Consumption expenditure adjustments   
Figure 3 Consumption expenditures adjusted for income distribution Cost 
Figure 4 Value of services derived from consumer durables Benefit 
Figure 5 Non-defensive government expenditures Benefit 
Figure 6 Value of public infrastructure services Benefit 
Figure 7 Net capital investment Cost 
Figure 8 Cost of household and personal debt servicing Cost 
Figure 9 Sum total of consumption expenditure adjustments Net cost 

 Unpaid work adjustments   
Figure 10 Value of housework Benefit 
Figure 11 Value of parenting and eldercare Benefit 
Figure 12 Value of volunteer work Benefit 
Figure 13 Value of free time Benefit 
Figure 14 Sum total of unpaid work adjustments Net cost 

 Adjustments for social costs   
Figure 15 Cost of consumer durables Cost 
Figure 16 Cost of unemployment and underemployment Cost 
Figure 17 Cost of loss of productivity due to un- and underemployment Cost 
Figure 18 Cost of auto crashes Cost 
Figure 19 Cost of commuting Cost 
Figure 20 Cost of crime prevention Cost 
Figure 21 Cost of family breakdown Cost 
Figure 22 Cost of suicide Cost 
Figure 23 Cost of gambling Cost 
Figure 24 Sum total of social cost adjustments Net cost 

 Adjustments for environmental costs  
Figure 25 Cost of non-renewable resource use Cost 
Figure 26 Provision of local ecosystem goods and services Benefit 
Figure 27 Energy direct CO2 pollution Cost 
Figure 28 Energy direct N20 pollution Cost 
Figure 29 Energy direct CH4 pollution Cost 
Figure 30 Energy indirect CO2 equivalent pollution Cost 

Figure 31/32 Cost of indirect water discharge and takes Cost 
Figure 33/34 Cost of indirect non-renewable energy use (gas and coal) Cost 

Figure 35 Sum total of social cost adjustments Net cost 
 Figure 36 Genuine progress indicator GPI 
Figure 37 A comparison of GDP and GDI GDP/GPI 
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Figure 1  High, medium and low growth projections of GDP for the Motueka catchment 
(2001-2025). 

 

 

Figure 2  High, medium and low growth projections of consumption GDP for the Motueka 
catchment (2001-2025). 
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Figure 3  High, medium and low growth projections of income distribution inequality. This 
adjustment is subtracted from consumption GDP estimates for the Motueka 
catchment as part of the calculation of a GPI (2001-2025). 

 

 

Figure 4  High, medium and low growth projections of the estimated value derived from the 
use of consumer durables. This adjustment is added to consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 
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Figure 5  High, medium and low growth projections of the estimated value of non-defensive 
government expenditures. This adjustment is added to consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 6  High, medium and low growth projections of the estimated value of services 
derived from public infrastructure services. This adjustment is added to 
consumption GDP estimates for the Motueka catchment as part of the calculation 
of a GPI (2001-2025). 
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Figure 7  High, medium and low growth projections of the estimated cost of investment in 
public capital formation. This adjustment is subtracted from consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 8  High, medium and low growth projections of the estimated cost of household and 
personal debt servicing. This adjustment is subtracted from consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 



 

210 

 

Figure 9  The sum total of high, medium and low scenario consumption expenditure 
adjustments used in the calculation of a GPI for the Motueka catchment (2001-
2025). 

 

 

Figure 10 High, medium and low growth projections of the estimated value of household 
work. This adjustment is added to consumption GDP estimates for the Motueka 
catchment as part of the calculation of a GPI (2001-2025). 
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Figure 11 High, medium and low growth projections of the estimated value of household 
parenting and elderly care. This adjustment is added to consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 12  High, medium and low growth projections of the estimated value of cultural and 
civic duties. This adjustment is added to consumption GDP estimates for the 
Motueka catchment as part of the calculation of a GPI (2001-2025). 
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Figure 13  High, medium and low growth projections of the estimated value of economic 
innovation associated with personal use of free time. This adjustment is added to 
consumption GDP estimates for the Motueka catchment as part of the calculation 
of a GPI (2001-2025). 

 

 

Figure 14  The sum total of high, medium and low scenario unpaid work adjustments used in 
the calculation of a GPI for the Motueka catchment (2001-2025). 
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Figure 15  High, medium and low growth projections of the estimated cost of purchasing 
consumer durables. This adjustment is subtracted from consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 16  High, medium and low growth projections of the estimated cost of unemployment 
and underemployment. This adjustment is subtracted from consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 
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Figure 17  High, medium and low growth projections of the estimated cost of loss of 
productivity due to unemployment and underemployment. This adjustment is 
subtracted from consumption GDP estimates for the Motueka catchment as part of 
the calculation of a GPI (2001-2025). 

 

 

Figure 18  High, medium and low growth projections of the estimated cost of motor vehicle 
accidents. This adjustment is subtracted from consumption GDP estimates for the 
Motueka catchment as part of the calculation of a GPI (2001-2025). 
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Figure 19  High, medium and low growth projections of the estimated cost of commuting to 
work. This adjustment is subtracted from consumption GDP estimates for the 
Motueka catchment as part of the calculation of a GPI (2001-2025). 

 

 

Figure 20  High, medium and low growth projections of the estimated cost of crime 
prevention. This adjustment is subtracted from consumption GDP estimates for 
the Motueka catchment as part of the calculation of a GPI (2001-2025). 
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Figure 21  High, medium and low growth projections of the estimated cost of family 
breakdown. This adjustment is subtracted from consumption GDP estimates for 
the Motueka catchment as part of the calculation of a GPI (2001-2025). 

 

 

Figure 22  High, medium and low growth projections of the estimated cost of suicide and 
self-harm resulting in hospitalisation. This adjustment is subtracted from 
consumption GDP estimates for the Motueka catchment as part of the calculation 
of a GPI (2001-2025). 
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Figure 23  High, medium and low growth projections of the estimated cost of gambling. This 
adjustment is subtracted from consumption GDP estimates for the Motueka 
catchment as part of the calculation of a GPI (2001-2025). 

 

 

Figure 24  The sum total of high, medium and low scenario social cost adjustments used in 
the calculation of a GPI for the Motueka catchment (2001-2025). 
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Figure 25  High, medium and low growth projections of the estimated cost of non-renewable 
natural resource use. This adjustment is subtracted from consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 26a High, medium and low growth projections of the estimated (direct) benefits of 
ecosystem services adjusted for (i) direct ecosystem services traded on 
commercial markets and (ii) ecosystem services embodied in exports from the 
catchment. This adjustment is added to consumption GDP estimates for the 
Motueka catchment as part of the calculation of a GPI (2001-2025). 
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Figure 26b High, medium and low growth projections of the estimated (indirect) benefits of 
ecosystem services adjusted for ecosystem services embodied in exports from the 
catchment. This adjustment is added to consumption GDP estimates for the 
Motueka catchment as part of the calculation of a GPI (2001-2025). 

 

 

Figure 27  High, medium and low growth projections of the estimated cost of household 
energy related CO2 (direct) emissions. This adjustment is added to consumption 
GDP estimates for the Motueka catchment as part of the calculation of a GPI 
(2001-2025). 
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Figure 28  High, medium and low growth projections of the estimated cost of household 
energy related N20 (direct) emissions. This adjustment is added to consumption 
GDP estimates for the Motueka catchment as part of the calculation of a GPI 
(2001-2025). 

 

 

Figure 29  High, medium and low growth projections of the estimated cost of household 
energy related Ch4 (direct) emissions. This adjustment is added to consumption 
GDP estimates for the Motueka catchment as part of the calculation of a GPI 
(2001-2025). 
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Figure 30  High, medium and low growth projections of the estimated cost of household 
energy related C02 (indirect) emissions. This adjustment is added to consumption 
GDP estimates for the Motueka catchment as part of the calculation of a GPI 
(2001-2025). 

 

 

Figure 31 High, medium and low growth projections of the estimated cost of household 
(indirect) water discharges. This adjustment is added to consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 
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Figure 32  High, medium and low growth projections of the estimated cost of household 
(indirect) water takes. This adjustment is added to consumption GDP estimates 
for the Motueka catchment as part of the calculation of a GPI (2001-2025). 

 

 

Figure 33  High, medium and low growth projections of the estimated cost of household non-
renewable energy use (gas). This adjustment is added to consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 
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Figure 34  High, medium and low growth projections of the estimated cost of household non-
renewable energy use (coal). This adjustment is added to consumption GDP 
estimates for the Motueka catchment as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 35  The sum total of high, medium and low scenario environmental cost adjustments 
used in the calculation of a GPI for the Motueka catchment (2001-2025). 



 

224 

 

Figure 36  The Motueka catchment high, medium and low scenario GPI estimates (2001-
2025). 

 

 

Figure 36  A comparison of high, medium and low scenario estimates of GDP and GPI for 
the Motueka catchment (2001-2025). 
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Appendix III  A compendium of graphs of genuine progress indicator (GPI) 
results for the Motueka catchment, Nelson, Tasman and Nelson 
Tasman regions 

Compendium A2  Graphs of projected GPI accounting adjustments (2001-2025) 
for Nelson City 

 

Table 1  GPI worksheet (adapted from page 125 of this report) with index of Figures for 
Appendix III. 

Figure Description of accounting adjustment Benefit/Cost 
Figure 1 Gross domestic product GDP 
Figure 2 Estimate of consumption GDP cGDP 

 Consumption expenditure adjustments   
Figure 3 Consumption expenditures adjusted for income distribution Cost 
Figure 4 Value of services derived from consumer durables Benefit 
Figure 5 Non-defensive government expenditures Benefit 
Figure 6 Value of public infrastructure services Benefit 
Figure 7 Net capital investment Cost 
Figure 8 Cost of household and personal debt servicing Cost 
Figure 9 Sum total of consumption expenditure adjustments Net cost 

 Unpaid work adjustments   
Figure 10 Value of housework Benefit 
Figure 11 Value of parenting and eldercare Benefit 
Figure 12 Value of volunteer work Benefit 
Figure 13 Value of free time Benefit 
Figure 14 Sum total of unpaid work adjustments Net benefit 

 Adjustments for social costs   
Figure 15 Cost of consumer durables Cost 
Figure 16 Cost of unemployment and underemployment Cost 
Figure 17 Cost of loss of productivity due to un- and underemployment Cost 
Figure 18 Cost of auto crashes Cost 
Figure 19 Cost of commuting Cost 
Figure 20 Cost of crime prevention Cost 
Figure 21 Cost of family breakdown Cost 
Figure 22 Cost of suicide Cost 
Figure 23 Cost of gambling Cost 
Figure 24 Sum total of social cost adjustments Net cost 

 Adjustments for environmental costs  
Figure 25 Cost of non-renewable resource use Cost 
Figure 26 Provision of local ecosystem goods and services Benefit 
Figure 27 Energy direct CO2 pollution Cost 
Figure 28 Energy direct N20 pollution Cost 
Figure 29 Energy direct CH4 pollution Cost 
Figure 30 Energy indirect CO2 equivalent pollution Cost 

Figure 31/32 Cost of indirect water discharge and takes Cost 
Figure 33/34 Cost of indirect non-renewable energy use (gas and coal) Cost 

Figure 35 Sum total of social cost adjustments Net cost 
 Figure 36 Genuine progress indicator GPI 
Figure 37 A comparison of GDP and GDI GDP/GPI 
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Figure 1  High, medium and low growth projections of GDP for Nelson City (2001-2025). 
 

 

Figure 2  High, medium and low growth projections of consumption GDP for Nelson City 
(2001-2025). 
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Figure 3  High, medium and low growth projections of income distribution inequality. This 
adjustment is subtracted from consumption GDP estimates for Nelson City as part 
of the calculation of a GPI (2001-2025). 

 

 

Figure 4  High, medium and low growth projections of the estimated value derived from the 
use of consumer durables. This adjustment is added to consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 
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Figure 5  High, medium and low growth projections of the estimated value of non-defensive 
government expenditures. This adjustment is added to consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 6  High, medium and low growth projections of the estimated value of services 
derived from public infrastructure services. This adjustment is added to 
consumption GDP estimates for Nelson City as part of the calculation of a GPI 
(2001-2025). 
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Figure 7  High, medium and low growth projections of the estimated cost of investment in 
public capital formation. This adjustment is subtracted from consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 8  High, medium and low growth projections of the estimated cost of household and 
personal debt servicing. This adjustment is subtracted from consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 
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Figure 9  The sum total of high, medium and low scenario consumption expenditure 
adjustments used in the calculation of a GPI for Nelson City (2001-2025). 

 

 

Figure 10  High, medium and low growth projections of the estimated value of household 
work. This adjustment is added to consumption GDP estimates for Nelson City as 
part of the calculation of a GPI (2001-2025). 
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Figure 11  High, medium and low growth projections of the estimated value of household 
parenting and elderly care. This adjustment is added to consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 12  High, medium and low growth projections of the estimated value of cultural and 
civic duties. This adjustment is added to consumption GDP estimates for Nelson 
City as part of the calculation of a GPI (2001-2025). 
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Figure 13  High, medium and low growth projections of the estimated value of economic 
innovation associated with personal use of free time. This adjustment is added to 
consumption GDP estimates for Nelson City as part of the calculation of a GPI 
(2001-2025). 

 

 

Figure 14  The sum total of high, medium and low scenario unpaid work adjustments used in 
the calculation of a GPI for Nelson City (2001-2025). 
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Figure 15  High, medium and low growth projections of the estimated cost of purchasing 
consumer durables. This adjustment is subtracted from consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 16  High, medium and low growth projections of the estimated cost of unemployment 
and underemployment. This adjustment is subtracted from consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 
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Figure 17  High, medium and low growth projections of the estimated cost of loss of 
productivity due to unemployment and underemployment. This adjustment is 
subtracted from consumption GDP estimates for Nelson City as part of the 
calculation of a GPI (2001-2025). 

 

 

Figure 18  High, medium and low growth projections of the estimated cost of motor vehicle 
accidents. This adjustment is subtracted from consumption GDP estimates for 
Nelson City as part of the calculation of a GPI (2001-2025). 
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Figure 19  High, medium and low growth projections of the estimated cost of commuting to 
work. This adjustment is subtracted from consumption GDP estimates for Nelson 
City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 20  High, medium and low growth projections of the estimated cost of crime 
prevention. This adjustment is subtracted from consumption GDP estimates for 
Nelson City as part of the calculation of a GPI (2001-2025). 
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Figure 21  High, medium and low growth projections of the estimated cost of family 
breakdown. This adjustment is subtracted from consumption GDP estimates for 
Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 22  High, medium and low growth projections of the estimated cost of suicide and 
self-harm resulting in hospitalisation. This adjustment is subtracted from 
consumption GDP estimates for Nelson City as part of the calculation of a GPI 
(2001-2025). 
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Figure 23  High, medium and low growth projections of the estimated cost of gambling. This 
adjustment is subtracted from consumption GDP estimates for Nelson City as part 
of the calculation of a GPI (2001-2025). 

 

 

Figure 24  The sum total of high, medium and low scenario social cost adjustments used in 
the calculation of a GPI for Nelson City (2001-2025). 
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Figure 25  High, medium and low growth projections of the estimated cost of non-renewable 
natural resource use. This adjustment is subtracted from consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 26a High, medium and low growth projections of the estimated (direct) benefits of 
ecosystem services adjusted for (i) direct ecosystem services traded on 
commercial markets and (ii) ecosystem services embodied in exports from the 
catchment. This adjustment is added to consumption GDP estimates for Nelson 
City as part of the calculation of a GPI (2001-2025). 
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Figure 26b High, medium and low growth projections of the estimated (indirect) benefits of 
ecosystem services and adjusted for ecosystem services embodied in exports from 
the catchment. This adjustment is added to consumption GDP estimates for 
Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 27  High, medium and low growth projections of the estimated cost of household 
energy related CO2 (direct) emissions. This adjustment is added to consumption 
GDP estimates for Nelson City as part of the calculation of a GPI (2001-2025). 
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Figure 28  High, medium and low growth projections of the estimated cost of household 
energy related N20 (direct) emissions. This adjustment is added to consumption 
GDP estimates for Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 29  High, medium and low growth projections of the estimated cost of household 
energy related CH4 (direct) emissions. This adjustment is added to consumption 
GDP estimates for Nelson City as part of the calculation of a GPI (2001-2025). 
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Figure 30  High, medium and low growth projections of the estimated cost of household 
energy related C02 (indirect) emissions. This adjustment is added to consumption 
GDP estimates for Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 31  High, medium and low growth projections of the estimated cost of household 
(indirect) water discharges. This adjustment is added to consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 
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Figure 32  High, medium and low growth projections of the estimated cost of household 
(indirect) water takes. This adjustment is added to consumption GDP estimates 
for Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 33  High, medium and low growth projections of the estimated cost of household non-
renewable energy use (gas). This adjustment is added to consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 
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Figure 34  High, medium and low growth projections of the estimated cost of household non-
renewable energy use (coal). This adjustment is added to consumption GDP 
estimates for Nelson City as part of the calculation of a GPI (2001-2025). 

 

 

Figure 35  The sum total of high, medium and low scenario environmental cost adjustments 
used in the calculation of a GPI for Nelson City (2001-2025). 
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Figure 36  Nelson City high, medium and low scenario GPI estimates (2001-2025). 
 

 

Figure 37  A comparison of high, medium and low scenario estimates of GDP and GPI for 
Nelson City (2001-2025) 



 

245 

Appendix III  A compendium of graphs of genuine progress indicator (GPI) 
results for the Motueka catchment, Nelson, Tasman and Nelson 
Tasman regions 

Compendium A3  Graphs of projected GPI accounting adjustments (2001-2025) 
for Tasman District 

 

Table 1  GPI worksheet (adapted from page 125 of this report) with index of Figures for 
Appendix III. 

Figure Description of accounting adjustment Benefit/Cost 
Figure 1 Gross domestic product GDP 
Figure 2 Estimate of consumption GDP cGDP 

 Consumption expenditure adjustments   
Figure 3 Consumption expenditures adjusted for income distribution Cost 
Figure 4 Value of services derived from consumer durables Benefit 
Figure 5 Non-defensive government expenditures Benefit 
Figure 6 Value of public infrastructure services Benefit 
Figure 7 Net capital investment Cost 
Figure 8 Cost of household and personal debt servicing Cost 
Figure 9 Sum total of consumption expenditure adjustments Net cost 

 Unpaid work adjustments   
Figure 10 Value of housework Benefit 
Figure 11 Value of parenting and eldercare Benefit 
Figure 12 Value of volunteer work Benefit 
Figure 13 Value of free time Benefit 
Figure 14 Sum total of unpaid work adjustments Net benefit 

 Adjustments for social costs   
Figure 15 Cost of consumer durables Cost 
Figure 16 Cost of unemployment and underemployment Cost 
Figure 17 Cost of loss of productivity due to un- and underemployment Cost 
Figure 18 Cost of auto crashes Cost 
Figure 19 Cost of commuting Cost 
Figure 20 Cost of crime prevention Cost 
Figure 21 Cost of family breakdown Cost 
Figure 22 Cost of suicide Cost 
Figure 23 Cost of gambling Cost 
Figure 24 Sum total of social cost adjustments Net cost 

 Adjustments for environmental costs  
Figure 25 Cost of non-renewable resource use Cost 
Figure 26 Provision of local ecosystem goods and services Benefit 
Figure 27 Energy direct CO2 pollution Cost 
Figure 28 Energy direct N20 pollution Cost 
Figure 29 Energy direct CH4 pollution Cost 
Figure 30 Energy indirect CO2 equivalent pollution Cost 

Figure 31/32 Cost of indirect water discharge and takes Cost 
Figure 33/34 Cost of indirect non-renewable energy use (gas and coal) Cost 

Figure 35 Sum total of social cost adjustments Net cost 
 Figure 36 Genuine progress indicator GPI 
Figure 37 A comparison of GDP and GDI GDP/GPI 
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Figure 1  High, medium and low growth projections of GDP for Tasman District (2001-
2025). 

 

 

Figure 2  High, medium and low growth projections of consumption GDP for Tasman 
District (2001-2025). 
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Figure 3 High, medium and low growth projections of income distribution inequality. This 
adjustment is subtracted from consumption GDP estimates for Tasman District as 
part of the calculation of a GPI (2001-2025). 

 

 

Figure 4  High, medium and low growth projections of the estimated value derived from the 
use of consumer durables. This adjustment is added to consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 
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Figure 5  High, medium and low growth projections of the estimated value of non-defensive 
government expenditures. This adjustment is added to consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 6  High, medium and low growth projections of the estimated value of services 
derived from public infrastructure services. This adjustment is added to 
consumption GDP estimates for Tasman District as part of the calculation of a 
GPI (2001-2025). 
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Figure 7  High, medium and low growth projections of the estimated cost of investment in 
public capital formation. This adjustment is subtracted from consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 8  High, medium and low growth projections of the estimated cost of household and 
personal debt servicing. This adjustment is subtracted from consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 
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Figure 9  The sum total of high, medium and low scenario consumption expenditure 
adjustments used in the calculation of a GPI for Tasman District (2001-2025). 

 

 

Figure 10 High, medium and low growth projections of the estimated value of household 
work. This adjustment is added to consumption GDP estimates for Tasman 
District as part of the calculation of a GPI (2001-2025). 
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Figure 11 High, medium and low growth projections of the estimated value of household 
parenting and elderly care. This adjustment is added to consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 12 High, medium and low growth projections of the estimated value of cultural and 
civic duties. This adjustment is added to consumption GDP estimates for Tasman 
District as part of the calculation of a GPI (2001-2025). 
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Figure 13  High, medium and low growth projections of the estimated value of economic 
innovation associated with personal use of free time. This adjustment is added to 
consumption GDP estimates for Tasman District as part of the calculation of a 
GPI (2001-2025). 

 

 

Figure 14  The sum total of high, medium and low scenario unpaid work adjustments used in 
the calculation of a GPI for Tasman District (2001-2025). 
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Figure 15  High, medium and low growth projections of the estimated cost of purchasing 
consumer durables. This adjustment is subtracted from consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 16 High, medium and low growth projections of the estimated cost of unemployment 
and underemployment. This adjustment is subtracted from consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 
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Figure 17  High, medium and low growth projections of the estimated cost of loss of 
productivity due to unemployment and underemployment. This adjustment is 
subtracted from consumption GDP estimates for Tasman District as part of the 
calculation of a GPI (2001-2025). 

 

 

Figure 18  High, medium and low growth projections of the estimated cost of motor vehicle 
accidents. This adjustment is subtracted from consumption GDP estimates for 
Tasman District as part of the calculation of a GPI (2001-2025). 
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Figure 19  High, medium and low growth projections of the estimated cost of commuting to 
work. This adjustment is subtracted from consumption GDP estimates for Tasman 
District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 20  High, medium and low growth projections of the estimated cost of crime 
prevention. This adjustment is subtracted from consumption GDP estimates for 
Tasman District as part of the calculation of a GPI (2001-2025). 
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Figure 21  High, medium and low growth projections of the estimated cost of family 
breakdown. This adjustment is subtracted from consumption GDP estimates for 
Tasman District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 22  High, medium and low growth projections of the estimated cost of suicide and 
self-harm resulting in hospitalisation. This adjustment is subtracted from 
consumption GDP estimates for Tasman District as part of the calculation of a 
GPI (2001-2025). 
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Figure 23  High, medium and low growth projections of the estimated cost of gambling. This 
adjustment is subtracted from consumption GDP estimates for Tasman District as 
part of the calculation of a GPI (2001-2025). 

 

 

Figure 24  The sum total of high, medium and low scenario social cost adjustments used in 
the calculation of a GPI for Tasman District (2001-2025). 
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Figure 25  High, medium and low growth projections of the estimated cost of non-renewable 
natural resource use. This adjustment is subtracted from consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 26a High, medium and low growth projections of the estimated (direct) benefits of 
ecosystem services adjusted for (i) direct ecosystem services traded on 
commercial markets and (ii) ecosystem services embodied in exports from the 
catchment. This adjustment is added to consumption GDP estimates for Tasman 
District as part of the calculation of a GPI (2001-2025). 
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Figure 26b High, medium and low growth projections of the estimated (indirect) benefits of 
ecosystem services and adjusted for ecosystem services embodied in exports from 
the catchment. This adjustment is added to consumption GDP estimates for 
Tasman District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 27  High, medium and low growth projections of the estimated cost of household 
energy related CO2 (direct) emissions. This adjustment is added to consumption 
GDP estimates for Tasman District as part of the calculation of a GPI (2001-
2025). 
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Figure 28  High, medium and low growth projections of the estimated cost of household 
energy related N20 (direct) emissions. This adjustment is added to consumption 
GDP estimates for Tasman District as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 29  High, medium and low growth projections of the estimated cost of household 
energy related CH4 (direct) emissions. This adjustment is added to consumption 
GDP estimates for Tasman District as part of the calculation of a GPI (2001-
2025). 
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Figure 30  High, medium and low growth projections of the estimated cost of household 
energy related C02 (indirect) emissions. This adjustment is added to consumption 
GDP estimates for Tasman District as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 31  High, medium and low growth projections of the estimated cost of household 
(indirect) water discharges. This adjustment is added to consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 
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Figure 32  High, medium and low growth projections of the estimated cost of household 
(indirect) water takes. This adjustment is added to consumption GDP estimates 
for Tasman District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 33  High, medium and low growth projections of the estimated cost of household non-
renewable energy use (gas). This adjustment is added to consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 
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Figure 34  High, medium and low growth projections of the estimated cost of household non-
renewable energy use (coal). This adjustment is added to consumption GDP 
estimates for Tasman District as part of the calculation of a GPI (2001-2025). 

 

 

Figure 35  The sum total of high, medium and low scenario environmental cost adjustments 
used in the calculation of a GPI for Tasman District (2001-2025). 
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Figure 36  Tasman District high, medium and low scenario GPI estimates (2001-2025). 
 

 

Figure 37  A comparison of high, medium and low scenario estimates of GDP and GPI for 
Tasman District (2001-2025). 
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Appendix III  A compendium of graphs of genuine progress indicator (GPI) 
results for the Motueka catchment, Nelson, Tasman and Nelson 
Tasman regions 

Compendium A4  Graphs of projected GPI accounting adjustments (2001-2025) 
for Nelson Tasman 

 

Table 1  GPI worksheet (adapted from page 125 of this report) with index of Figures for 
Appendix III. 

Figure Description of accounting adjustment Benefit/Cost 
Figure 1 Gross domestic product GDP 
Figure 2 Estimate of consumption GDP cGDP 

 Consumption expenditure adjustments   
Figure 3 Consumption expenditures adjusted for income distribution Cost 
Figure 4 Value of services derived from consumer durables Benefit 
Figure 5 Non-defensive government expenditures Benefit 
Figure 6 Value of public infrastructure services Benefit 
Figure 7 Net capital investment Cost 
Figure 8 Cost of household and personal debt servicing Cost 
Figure 9 Sum total of consumption expenditure adjustments Net cost 

 Unpaid work adjustments   
Figure 10 Value of housework Benefit 
Figure 11 Value of parenting and eldercare Benefit 
Figure 12 Value of volunteer work Benefit 
Figure 13 Value of free time Benefit 
Figure 14 Sum total of unpaid work adjustments Net benefit 

 Adjustments for social costs   
Figure 15 Cost of consumer durables Cost 
Figure 16 Cost of unemployment and underemployment Cost 
Figure 17 Cost of loss of productivity due to un- and underemployment Cost 
Figure 18 Cost of auto crashes Cost 
Figure 19 Cost of commuting Cost 
Figure 20 Cost of crime prevention Cost 
Figure 21 Cost of family breakdown Cost 
Figure 22 Cost of suicide Cost 
Figure 23 Cost of gambling Cost 
Figure 24 Sum total of social cost adjustments Net cost 

 Adjustments for environmental costs  
Figure 25 Cost of non-renewable resource use Cost 
Figure 26 Provision of local ecosystem goods and services Benefit 
Figure 27 Energy direct CO2 pollution Cost 
Figure 28 Energy direct N20 pollution Cost 
Figure 29 Energy direct CH4 pollution Cost 
Figure 30 Energy indirect CO2 equivalent pollution Cost 

Figure 31/32 Cost of indirect water discharge and takes Cost 
Figure 33/34 Cost of indirect non-renewable energy use (gas and coal) Cost 

Figure 35 Sum total of social cost adjustments Net cost 
 Figure 36 Genuine progress indicator GPI 
Figure 37 A comparison of GDP and GDI GDP/GPI 
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Figure 1  High, medium and low growth projections of GDP for Nelson Tasman (2001-
2025). 

 

 

Figure 2  High, medium and low growth projections of consumption GDP for Nelson 
Tasman (2001-2025). 
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Figure 3  High, medium and low growth projections of income distribution inequality. This 
adjustment is subtracted from consumption GDP estimates for Nelson Tasman as 
part of the calculation of a GPI (2001-2025). 

 

 

Figure 4  High, medium and low growth projections of the estimated value derived from the 
use of consumer durables. This adjustment is added to consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 



 

268 

 

Figure 5  High, medium and low growth projections of the estimated value of non-defensive 
government expenditures. This adjustment is added to consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 6  High, medium and low growth projections of the estimated value of services 
derived from public infrastructure services. This adjustment is added to 
consumption GDP estimates for Nelson Tasman as part of the calculation of a 
GPI (2001-2025). 
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Figure 7  High, medium and low growth projections of the estimated cost of investment in 
public capital formation. This adjustment is subtracted from consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 8  High, medium and low growth projections of the estimated cost of household and 
personal debt servicing. This adjustment is subtracted from consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 
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Figure 9  The sum total of high, medium and low scenario consumption expenditure 
adjustments used in the calculation of a GPI for Nelson Tasman (2001-2025). 

 

 

Figure 10  High, medium and low growth projections of the estimated value of household 
work. This adjustment is added to consumption GDP estimates for Nelson Tasman 
as part of the calculation of a GPI (2001-2025). 
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Figure 11  High, medium and low growth projections of the estimated value of household 
parenting and elderly care. This adjustment is added to consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 12  High, medium and low growth projections of the estimated value of cultural and 
civic duties. This adjustment is added to consumption GDP estimates for Nelson 
Tasman as part of the calculation of a GPI (2001-2025). 



 

272 

 

Figure 13  High, medium and low growth projections of the estimated value of economic 
innovation associated with personal use of free time. This adjustment is added to 
consumption GDP estimates for Nelson Tasman as part of the calculation of a 
GPI (2001-2025). 

 

 

Figure 14  The sum total of high, medium and low scenario unpaid work adjustments used in 
the calculation of a GPI for Nelson Tasman (2001-2025). 
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Figure 15  High, medium and low growth projections of the estimated cost of purchasing 
consumer durables. This adjustment is subtracted from consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 16  High, medium and low growth projections of the estimated cost of unemployment 
and underemployment. This adjustment is subtracted from consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 
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Figure 17  High, medium and low growth projections of the estimated cost of loss of 
productivity due to unemployment and underemployment. This adjustment is 
subtracted from consumption GDP estimates for Nelson Tasman as part of the 
calculation of a GPI (2001-2025). 

 

 

Figure 18  High, medium and low growth projections of the estimated cost of motor vehicle 
accidents. This adjustment is subtracted from consumption GDP estimates for 
Nelson Tasman as part of the calculation of a GPI (2001-2025). 
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Figure 19  High, medium and low growth projections of the estimated cost of commuting to 
work. This adjustment is subtracted from consumption GDP estimates for Nelson 
Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 20  High, medium and low growth projections of the estimated cost of crime 
prevention. This adjustment is subtracted from consumption GDP estimates for 
Nelson Tasman as part of the calculation of a GPI (2001-2025). 
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Figure 21  High, medium and low growth projections of the estimated cost of family 
breakdown. This adjustment is subtracted from consumption GDP estimates for 
Nelson Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 22  High, medium and low growth projections of the estimated cost of suicide and 
self-harm resulting in hospitalisation. This adjustment is subtracted from 
consumption GDP estimates for Nelson Tasman as part of the calculation of a 
GPI (2001-2025). 
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Figure 23  High, medium and low growth projections of the estimated cost of gambling. This 
adjustment is subtracted from consumption GDP estimates for Nelson Tasman as 
part of the calculation of a GPI (2001-2025). 

 

 

Figure 24  The sum total of high, medium and low scenario social cost adjustments used in 
the calculation of a GPI for Nelson Tasman (2001-2025). 
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Figure 25  High, medium and low growth projections of the estimated cost of non-renewable 
natural resource use. This adjustment is subtracted from consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 26a High, medium and low growth projections of the estimated (direct) benefits of 
ecosystem services adjusted for (i) direct ecosystem services traded on 
commercial markets and (ii) ecosystem services embodied in exports from the 
catchment. This adjustment is added to consumption GDP estimates for Nelson 
Tasman as part of the calculation of a GPI (2001-2025). 
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Figure 26b High, medium and low growth projections of the estimated (indirect) benefits of 
ecosystem services and adjusted for ecosystem services embodied in exports from 
the catchment. This adjustment is added to consumption GDP estimates for 
Nelson Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 27  High, medium and low growth projections of the estimated cost of household 
energy related CO2 (direct) emissions. This adjustment is added to consumption 
GDP estimates for Nelson Tasman as part of the calculation of a GPI (2001-
2025). 
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Figure 28  High, medium and low growth projections of the estimated cost of household 
energy related N20 (direct) emissions. This adjustment is added to consumption 
GDP estimates for Nelson Tasman as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 29  High, medium and low growth projections of the estimated cost of household 
energy related CH4 (direct) emissions. This adjustment is added to consumption 
GDP estimates for Nelson Tasman as part of the calculation of a GPI (2001-
2025). 
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Figure 30  High, medium and low growth projections of the estimated cost of household 
energy related C02 (indirect) emissions. This adjustment is added to consumption 
GDP estimates for Nelson Tasman as part of the calculation of a GPI (2001-
2025). 

 

 

Figure 31  High, medium and low growth projections of the estimated cost of household 
(indirect) water discharges. This adjustment is added to consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 
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Figure 32  High, medium and low growth projections of the estimated cost of household 
(indirect) water takes. This adjustment is added to consumption GDP estimates 
for Nelson Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 33  High, medium and low growth projections of the estimated cost of household non-
renewable energy use (gas). This adjustment is added to consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 
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Figure 34  High, medium and low growth projections of the estimated cost of household non-
renewable energy use (coal). This adjustment is added to consumption GDP 
estimates for Nelson Tasman as part of the calculation of a GPI (2001-2025). 

 

 

Figure 35  The sum total of high, medium and low scenario environmental cost adjustments 
used in the calculation of a GPI for Nelson Tasman (2001-2025). 



 

284 

 

Figure 36  Nelson Tasman high, medium and low scenario GPI estimates (2001-2025). 
 

 

Figure 37  A comparison of high, medium and low scenario estimates of GDP and GPI for 
Nelson Tasman (2001-2025). 
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Appendix IV 

Table A10  Enlargements of the images shown in Figures 9 and 10 
 

 

Figure 9  LHS - (enlarged) One of the output modules associated with the population 
module of Figure 3 and used to organise population data. 
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Figure 9  RHS - (enlarged) One of the output modules associated with the population model 
of Figure 3 and used to organise birth/mortality data. 

 

 

Figure 10  LHS - (enlarged) One of the output modules associated with the population model 
of Figure 3 and used to organise international migration data. 
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Figure 10  RHS – (enlarged) One of the output modules associated with the population model 
of Figure 3 and used to organise regional migration data. 
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