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Executive Summary 
The objective of this project was to create and interpret a quantitative model for each of the 
Four futures for New Zealand scenarios (Frame et al. 2005; Taylor et al. 2007). Each of the 
individual components is a full model in its own right; however, the interactions between 
them have been defined very simply to facilitate understanding of the flow-on effects. While 
the modellers tried to quantify each assumption by following the narrative of the scenarios 
as closely as possible, results presented in this document are the subject of further reviews 
and validation, which will be achieved through cycles of interaction with narrators. Table 1 
shows a list of the main parameters required by the model. 

Table 1: Sub-model parameters defined for each scenario 

Population  Labour  Economic  Environmental  

Fertility rates 

Labour 
participation 
rates 

Household expenditure 
profile 

Household 
environmental pressures 
profile 

Mortality rates 
Unemployment 
rates 

Productivity change for 
each sector 

Productive sectors 
environmental pressures 
changes 

Net long-term 
migration  Exports profile 

Electricity generation 
profiles 

  
Value added components 
change for each sector 

Land availability for 
agriculture and forestry 

 

The total population and demographic composition for each scenario can be seen in Table 2.  
Table 2: Population composition (%) for 2006 and for each scenario at 2050 

Age group 2006 
Fruits for a 

Few (2050)
Independent 

Aotearoa (2050)
New Frontiers 

(2050) 
No. 8 Wire 

(2050)
0–14 21 19 18 16 16
15–39 35 31 31 30 31
40–64 31 30 30 33 33
65+ 12 20 21 20 20
Total population 4,120,470 5,265,502 5,334,398 4,876,650 5,099,874

 

All scenarios will face an aging population by 2050, as seen in Table 3. The 65+ age group 
will be 20–21% of the total population by 2050 (in 2006 that age group represented 12%). 
This reflects in the increase of the health sector under each scenario. 

More people in the 65+ age group will have to work under each scenario, except for 
Independent Aotearoa. While Independent Aotearoa (2050) will have a lower percentage of 
65+ people working than now (down from 12% to 10%), New Frontiers/No. 8 Wire (2035) 
assumes 15% of 65+ people in the workforce (Table 3). 
Table 3: Labour participation and unemployment rates (%) for 2006 and for each scenario at 2050 

Age group 2006 
Fruits for a 

Few (2050)
Independent 

Aotearoa (2050)
New Frontiers 

(2050) 
No. 8 Wire 

(2050)
15–24 62 68 57 70 62
25–44 81 83 71 85 81
45–64 80 86 80 88 80
65+ 12 13 10 15 12
Unemployment rate 3.4 3.5 5 18 15
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We have assumed high unemployment rates become the norm after 2035 under New 
Frontiers and No. 8 Wire. High unemployment would probably mean serious social 
problems. High participation rates also imply a decrease in the number of people pursuing 
study.  

Table 4 shows the GDP contribution by all productive sectors in 2001 and the expected 
contributions under each scenario. The contribution of primary sectors is expected to 
increase under Fruits for a Few in 2050 and New Frontiers and No. 8 Wire (2035) to 10% 
of GDP. After 2035, the primary sectors collapse for New Frontiers and No. 8 Wire. 
Independent Aotearoa shows a decrease in the GDP contribution by the manufacturing 
sector (in relation to 2001). Independent Aotearoa is the only scenario that assumes higher 
tax being paid; therefore the central government sector size increases. 
Table 4: GDP contribution (%) by productive sectors to the economy in 2006 and for each scenario  

 

2001

Fruits for 
a Few 
2050

Independent 
Aotearoa 

2050

New 
Frontiers 

and No. 8 
Wire 2035 

New 
Frontiers 

2050

No. 8 
Wire 
2050

Primary sectors 8 10 6 10 5 6
Manufacturing sectors 16 21 15 25 17 19
Services sectors 65 62 67 58 67 66
Government 4 2 5 1 2 2

 

The environmental pressures in 2001 and under each scenario are summarised in Table 5. 
Table 5: Summary of environmental pressures in 2001 and under each scenario 

Environmental 
pressure 2001 

Fruits for 
a Few 

Independent
Aotearoa

NF & No. 8
2035

New Frontiers 
2050 

No. 8 Wire
2050

Petrol (PJ) 101 143 128 139 136 129
Diesel (PJ) 87 123 101 132 115 108
Electricity (PJ) 120 181 136 191 174 159
Energy (PJ) 472 708 540 748 676 626
Energy CO2 (Gg) 25 31 24 38 35 32
Agric. GHG (Gg) 35 53 31 59 36 37
Other GHG (Gg) 6 10 6 9 8 8
Total GWP (Gg) 66 94 62 107 79 77

   GHG = greenhouse gases; GWP = global warming potential 

The results for petrol and diesel reflect the changing levels of households and industry, 
respectively. The majority of petrol is consumed by households for transportation in private 
vehicles, and, because the scenarios make no statements about changed household 
transportation behaviour, the changes in petrol under the scenarios closely follow population 
growth. In contrast, the largest user of diesel in the economy is the road freight transport 
industry, and with reduced exports under some scenarios (notably New Frontiers and No. 8 
Wire in 2050), there is a reduced demand for road transportation to processing facilities and 
to ports. 

The agricultural greenhouse gas (GHG) emissions results also reflect the changed export 
levels under the scenarios. Again, New Frontiers and No. 8 Wire have significantly reduced 
exports in 2050 and therefore significantly reduced agricultural production. This directly 
affects the greenhouse gases emitted by those sectors. There is marked reduction in 
emissions of agricultural gases between 2035 and 2050 under these scenarios. 
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Global warming potential (GWP) is projected to increase under Fruits for a Few, to reduce 
slightly under Independent Aotearoa, and to reduce sharply under New Frontiers and No. 8 
Wire between 2035 and 2050, for the same reasons as given above for diesel and agricultural 
emissions. The total global warming potential figures given in the table exclude offsets as a 
result of forest sequestration because we have not built the assumptions yet.  

Household environmental pressures in 2001 and under each scenario are summarised in 
Table 6. These environmental pressures reflect the combination of household energy 
requirements and total population. It can be seen that Fruits for a Few households will be 
more energy demanding in 2050. New Frontiers and No. 8 Wire societies in 2035 will have 
the highest energy requirements per capita, but the population is lower that other scenarios. 

Table 6: Summary of household environmental pressures in 2001 and under each scenario 

Environmental 
pressure 2001 

Fruits for 
a Few 

Independent
Aotearoa 

NF & No. 8
2035 

New Frontiers 
2050 

No. 8 Wire
2050 

Petrol (PJ) 84 119 108 112 111 107
Diesel (PJ) 12 16 15 15 15 15
Electricity (PJ) 42 60 55 57 56 54
Energy (PJ) 153 218 198 205 203 195
Energy CO2 (Gg) 9 10 9 11 11 11
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Important Note on this Version 
The model described in this document was developed as a support tool for quantitatively 
testing assumptions made in the narrative used to describe the four future scenarios for New 
Zealand (Frame et al. 2005; Taylor et al. 2007). The model provides a flexible framework that 
can be used to test parameters, their relationships with each other, and their direct and indirect 
effects on the economy and the environment. The model’s logic was based on the Auckland 
Region Dynamic Economic and Environmental Model (ARDEEM), developed by NZCEE.  

In support of the four future scenarios for New Zealand, the model should be viewed as a 
picture of plausible social, economic, and environmental structures. Each of the individual 
components is a full model in its own right; however, the interactions between them have been 
defined very simply and are subject to improvement. Therefore, the main purpose of the 
model is to illustrate the cumulative impacts individual variables might have in a series of 
social, economic, and environmental results. 

The model is intended to be interactive. The main priorities while developing the model were 
therefore to keep it as flexible and transparent as possible to facilitate its understanding. This 
means, for example, that complexity between existing or new parameters and feedback loops 
can be added to the model after more interaction with the narrators. It also means that the 
model could be more targeted (and we expect more accurate) to produce specific results. 

When possible, parameters needed for the model have been made exogenous, provided 
directly by the narrative of the four scenarios. However, some others, like the direct and 
indirect relationships between economic sectors, are a built-in functionality of the economic 
model. Thus, while the modellers tried to quantify each assumption by following the narrative 
as closely as possible, results presented in this document are subject to further reviews and 
validation, which will be achieved through cycles of interaction with narrators. 
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Introduction 
The objective of this project was to create and interpret a quantitative model for each of the 
‘Four Futures for New Zealand’ scenarios (Frame et al. 2005; Taylor et al. 2007). The model 
can be used to provide the narrator with the means to test assumptions and illustrate the impact 
of variables on the whole system. It can therefore provide material for further discussion, and 
it is flexible enough to be modified to accommodate new ideas. 

The model consists of four independent sub-models without feedback loops. The lack of 
feedback means, for example, that the model cannot directly simulate the effects of pollution 
on fertility rates. However, after the first set of results is produced, the narrator can modify the 
fertility rates directly. Each of the sub-models has a very specific function requiring a 
considerable number of assumptions. They are run sequentially and the output of one sub-
model is used as input of other sub-models as illustrated in Figure 1. 

 
Figure 1: Model structure and information flows. 

Not attempting to model feedback loops facilitates the understanding of the model and 
illustrates the effect that one assumption has on each of the sub-models.  

Quantitative models should be seen as a balance between accuracy and illustration. A model is 
generally more accurate when the number of variables and relationships are limited. In this 
case, many complex assumptions were implemented at once, thus the real value of using the 
model is to give a ‘holistic view’ of basic interactions between simplified social, economic, 
and environmental systems.  

Model parameters 
The model was constructed in a way that parameters can be easily identified and tested. The 
selection of parameter values relies entirely on the scenario narrative and therefore depends on 
individual interpretation. Nevertheless, historical information was also used as much as 
possible to provide guidelines to establish those parameters within credible limits (i.e. fertility 
rates, primary sources of electricity, etc.). The selection of parameters in the model can 
therefore be read as a quantitative interpretation of each scenario’s narrative. 

Population Sub-Model 

Labour Sub-Model 

Economic Sub-Model 

Environmental Sub-
Model 

Total 
population 

Domestic 
demand 

Working-age population 

Employed people 

Total activity per sector 
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The model is not a forecasting or prediction tool, mainly because the level of accuracy over 
time for each sub-model varies considerably. While a population model could comfortably be 
used for a long-term period (20–50 years), an economic model shouldn’t. This rationale will 
be explained in subsequent sections of this report. 

Relating the four scenarios to the model 
This section summarises the four scenarios as defined fully by Frame et al. (2005) in terms of 
the aspects that can be modelled. 

Fruits for a Few 
In this scenario there is a shift towards services so that primary production declines, 
manufacturing production increases, and services increase. Wages drop significantly in most 
industries but there is still low unemployment. Increased use of technology implies that capital 
takes the place of labour. There is a shift from households purchasing goods to purchasing 
services (this means that service sectors will purchase those goods instead). Taxes are lower 
because the government is providing fewer social services, which are now provided by 
corporates. 

Immigration is primarily short-term with rich visitors seeking elite education and/or access to 
resources. Emigration is only the intelligent poor and the disillusioned, if they can afford it 
(i.e. low emigration). Energy efficiency improves across all sectors. Life expectancy for the 
population as a whole is unchanged. Fertility increases at both ends of the socio-economic 
spectrum. 

Independent Aotearoa 
There is slow real growth in GDP, perhaps 1% p.a. Polluter and resource user pay true cost. 
This might cause shrinkage of affected sectors, or they might find new markets (two sub-
scenarios?). 

Immigration increases, and emigration decreases. Life expectancy remains similar to today. 
Fertility is at replacement level, which is about 2.1, therefore an increase on today’s levels. 
Employment levels are lower than today and volunteering increases. 

Industries are present in the same proportions as today, but there is improving energy and 
water-use efficiency because of the user/polluter-pays approach. Tourism declines (this has 
consequences for the service sectors: accommodation, recreation, restaurants). 

New Frontiers 
This scenario is characterised by two periods: before and after 2030, although the transition 
will take perhaps 5 years. 

Until 2035 there will be high GDP growth, high immigration and low emigration, and high 
levels of waste. Fertility rates will drop slightly because of pollution, and average mortality 
rates in the population will increase. There will be more mining. Wages and taxes are both 
lower, employment declines (although this may be inconsistent with high GDP growth), and 
charity and community groups will disappear. Agriculture will grow significantly, with 
serious impacts on the environment. Manufacturing (except primary post-processing) will 
decrease, and imports will increase to compensate. IT sectors will increase, as will tourism. 
Presumably other service sectors will also increase (e.g. finance, transport). Energy- and 
water-use efficiency will both decline markedly. 

After 2035, because of environmental degradation GDP growth will slow markedly, perhaps 
even becoming negative. The fish population will collapse, followed immediately by the 
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marine fishing industry. The population will decline as a result of continued low fertility, 
higher mortality rates, and high net emigration. Household consumption will drop 
significantly. 

No. 8 Wire 
Similarly to New Frontiers, this scenario is characterised by two periods. The first period is 
identical to NF. 

After 2035, however, the response of the population is different. There will be lower imports 
and exports. GDP will not grow. Agriculture will collapse. Immigration will decline and 
emigration increase, but neither as markedly as New Frontiers. Mortality will increase and 
fertility will increase. Employment levels will drop markedly. Agriculture will change to be 
much less damaging to the environment and less productive, but because of general decline in 
economy agriculture will still be a higher proportion of the economy than now. Manufacturing 
will grow, but using low tech (less capital, more labour) methods. The technological sectors 
will decline markedly as will tourism. There will be less overseas travel. 
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Methods 
Population and Labour Force sub-models 

The Population Sub-Model is a dynamic simulation model consisting of the interaction of 
three parameter groups: 

• Fertility rates 
• Mortality rates 
• Migration numbers 

 
The Population Sub-Model deals separately with 5-year age-sex cohorts. Figure 2 shows the 
New Zealand population broken down by cohort in 2006. The baby-boomer generation is 
clearly visible, peaking in the 40–44-yr bracket. The baby-blip of the early 1990s is also 
visible, peaking in the 10–19-yr brackets. 

050000100000150000200000

 0- 4 yrs

 5- 9 yrs

10-14 yrs

15-19 yrs

20-24 yrs

25-29 yrs

30-34 yrs

35-39 yrs

40-44 yrs

45-49 yrs

50-54 yrs

55-59 yrs

60-64 yrs

65-69 yrs

70-74 yrs

75-79 yrs

80-84 yrs

85-89 yrs

90+ yrs  

2006

0 50000 100000 150000 200000

4120470

 
Figure 2: Population by age-sex cohort in 2006. (Source: Statistics New Zealand (2007), Census year 

populations) [males on left] 

 

For each scenario we have defined fertility rates (non-zero only for 10–49-year-old females), 
mortality rates, emigration, and immigration. Each scenario has different assumptions in 
regards to these parameters. The result of the sub-model is a snapshot of the population 
composition each year. 

Figure 3 shows historical information on total fertility rates in New Zealand (average number 
of children per woman). Statistics New Zealand has created nine population projection 
scenarios. We have used that information to define the parameters of the population sub-
model. 
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Figure 3: Total fertility rates in NZ. (Source: Statistics New Zealand (2007), Age-specific fertility rates) 

The model uses specific mortality rates by sex and age cohorts. Life expectancy at birth was used 
to illustrate the change in mortality rates over the simulation period for each scenario and a 
comparison with Statistics New Zealand’s projections. 
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Figure 4: New Zealand life expectancy. (Source: Statistics New Zealand (2007), Deaths and mortality rates) 

 

Migration 
Historical migration data show very wide inter-annual variability, clearly demonstrating that 
there are various factors involved. Statistics New Zealand assumes that net migration will 
remain between 5,000 and 15,000 people over the next 50 years. We have based our 
assumptions considering this range. 
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Figure 5: Historical net migration. (Source: Statistics New Zealand (2007), Detailed migration data from 

demographic trends) 

Labour Force Sub-Model 
The Labour Force Sub-Model consists of applying the following factors to the working-age 
population of each scenario to determine the number of people employed: 

• Participation rates 
• Unemployment rates 

Similarly to the Population Sub-Model, the Labour Force Sub-Model gives us a profile of 
people in the labour force. This profile can indicate proportions of each sex-age cohort 
participating in the workforce. It also allows us to make assumptions about the level of 
unemployment under each scenario as a result of the country’s economic climate. 

Economic and Environmental models 
As with the Population and Labour Force sub-models, the Economic and Environmental sub-
models are closely linked, and are therefore described together. 

The Social Accounting Matrix 
The Economic Sub-Model is based on a Social Accounting Matrix (SAM), which provides a 
comprehensive snapshot of the linkages in the economy, including industry and final 
consumers (e.g. households). For each industry, this snapshot describes the inputs required 
and the outputs produced. For final consumers, the SAM describes the purchases from 
industry and also the circular flows of money via income back to industry. Table 7 depicts the 
structure of a SAM. 

The SAM used in this study describes the economy for the year ended March 2001, and was 
constructed from the most recently available data at the time the project began. It is a snapshot 
of the economy in that year. In this work we take that snapshot and modify it to reflect the 
expected changes under each scenario. This allows us to change the consumption patterns of 
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households and government, and also to change exports from industries, while maintaining the 
necessary industry structure and backward linkages to support the economy. 

The SAM is structured such that rows are read as outputs of accounts being the inputs of 
accounts in columns. The accounts are Activities and Commodities (ACT, COMM; together 
‘Industry’), Factors of production (FACT; capital and labour), Households (HHLD), 
Government (GOV; both central and local), Rest of World (ROW; includes exports), and 
Capital Account (CAP ACC; savings and investment, including capital formation). 

Table 7: Structure of a social accounting matrix (SAM) 

Receipts ACT COMM FACT HHLD GOV ROW CAP ACC TOTAL

ACT Domestic 
Sales

Export 
Subsidies Exports

Gross 
Output 
Sales

COMM Interim Private 
consumption GOV Exp INV Absorption

FACT VA Factor 
Income

HHLD Income 
allocation Transfers Remitt. Household 

Income

GOV Indirect 
Taxes Tariffs Direct Taxes GOV 

Revenue

ROW Imports
Foreign 
Exch. 

Savings

CAP ACC Private 
Savings

GOV 
savings

Foreign 
Savings

Tot. 
Savings

TOTAL
Total 
Input 

Expend.

Value of 
Supply of 

Goods

Factor 
Income to 

Hhld.

Household 
Outlays

GOV 
Outlays

Foreign 
Exchange 
Earnings

Total INV

Payments

 
 

Modelling with a SAM 
While a SAM can be modified to accommodate general shifts of economic structure and then 
to show what industry would be needed to support the new structure, it does not predict 
catastrophic or revolutionary changes in that structure. These would require new relationships 
and dependencies between industries that must be determined by expert judgment. Any 
changes to the structure of the economy must be made by the modeller, and the SAM model 
will, semi-automatically, adjust the remainder of the economy to accommodate those changes. 

However, this sub-model can be used to illustrate modifications to the existing structure of the 
economy and compare it with the proposed structure under each scenario. 
The 2001 SAM tells us the size of the economy, the size of each industry, and the structure of 
the economy, all in 2001. We assume that the structural component remains relatively stable 
over time. By extracting only the structural component from the SAM, we can strip off those 
aspects that change most over time, then modify the structure before determining its new size 
after those changes have occurred and any technology changes have been made. This derived, 
core structure is known as the SAM coefficients matrix. 

The SAM coefficients matrix tells us only the structure of inputs into each sector, not how big 
each sector is in relation to others. The 2001 SAM coefficient matrix, for example, says that 
25% of the inputs of the wood processing sector come from the forestry sector, with another 
17% from labour. The SAM coefficients can be modified to change technology (perhaps wood 
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processing uses less wood under a different commodity production mix, or the meat 
processing sector increases automation and therefore uses more capital and less labour) or 
consumption patterns (perhaps households purchase fewer cars and lease them instead, or 
switch all their fish consumption to meat). Using the coefficient matrix allows us to modify 
the characteristics of each account separately, and then allow the mathematics to determine the 
relative sizes. 

For each scenario we have altered elements of the SAM coefficient matrix to reflect expected 
changes in activity levels of industries, and also shifts in consumption patterns. Household 
expenditure in 2001 is summarised in Table 8. Under each scenario we have modified the 
percentages of household expenditure under each category according to the scenario 
descriptions. 

Table 8: Household expenditure profile, 2001 (Source: Statistics NZ) 

Expenditure item Percentage of  
household 

income 
Taxes 40 
Wholesale and retail 13 
Direct imports 10 
Rent 9 
Food 5 
Real estate 3 
Health and community services 2 
Cultural and recreational services 2 
Accommodation, restaurants and bars 2 
Personal and other community services 1 
Total of top ten expenditure items 87 

 

Once we have modified the SAM coefficients, we can then find the relative sizes of each of 
the sectors such that the input requirements of each sector are met. For example, if households 
purchase more meat, then the farming sector must grow to supply the meat sector, the energy 
sectors must grow to supply both the farming and meat sectors, and so on. 

Once we have the relative sizes of the sectors of the economy, it remains only to determine the 
absolute size of the economy. Our approach is to ensure that the economy is exactly large 
enough to employ the available labour force. Assuming that the skills of the workforce will 
change sufficiently over the time frame of the scenario, and assuming constant levels of 
productivity, the FTEs available from the Labour Force Sub-Model can be assigned to the 
industries requiring labour in their relative proportions, thus determining the size of each 
industry and of the economy as a whole. 

The Economic Sub-Model does not consider changes in prices as a result of changing supply 
and/or demand. The sub-model should therefore be interpreted only in a physical sense, rather 
than as descriptions of value flows, per se. 

With the new economic structure and size, we can determine the effects on the environment 
by using environmental intensities, which are simply environmental impact per unit output for 
each sector. In the case of households, we use environmental impact per person. 

Constraining economic growth of the primary sectors based on land availability 
So far we have described an economic sub-model that is unconstrained by physical 
limitations. Without these limitations, the sub-model allows sectors to grow unreasonably, 
without consideration of, for example, land availability. To ensure that the modifications made 
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to the SAM coefficients do not imply physical impossibilities, we add a step to constrain this 
growth. So far the only physical constraint we have imposed is land area. 

Currently, about 33% of New Zealand’s land area is protected either by being in the 
Conservation Estate, or through some other covenant, such as QEII (own calculations). The 
area of land currently used for primary production is about 15 million hectares. Under each 
scenario we assume a different level of total land availability as a subset of this current level 
for primary production, and these are listed (as ‘Max land’) in Table 9. We must also assume 
different productivity (physical product produced per hectare) changes and these are also 
listed in Table 9. The productivity changes for each scenario were applied equally to all 
primary production sectors (horticulture, livestock and cropping farming, dairy farming, other 
farming, and forestry). However, it might be that some of these sectors are closer to their 
maximum than others. For example, forestry physical returns have not increased substantially 
in recent times, due to the maturity of the industry. 
Table 9: Land productivity change between 2001 and end of scenario, and maximum land available for 
primary production as a percentage of land currently used for primary production, for each scenario 

Scenario Agriculture and forestry 
assumed productivity change 

in relation to 2001 

Land area used for agriculture and 
forestry for each scenario in relation 

to land used in 2001 
Fruits for a Few +10 95 
Independent Aotearoa +5 90 
New Frontiers, 2035 +20 100 
No. 8 Wire, 2035 +10 100 
New Frontiers, 2050 −25 95 
No. 8 Wire, 2050 −37 100 

 
The productivity change for the No. 8 Wire scenario was set such that there was sufficient land 
available to supply the requirements of the domestic economy, with minimal exports from the 
food and fibre sectors. 

With opposing forces of increased apartment dwelling and infill housing against more lifestyle 
blocks, we have chosen to conservatively estimate that the land area per household will 
remain as it is now. Clearly this means a growth in the total area occupied by households. We 
have so far assumed that this does not impact significantly on the availability of land for other 
sectors. 

We have also put constraints on the area available by primary production type. There were no 
clear figures available to limit the primary production sectors, so we have made some 
reasonable estimates (Table 10) based on conversations with experts in Landcare Research. 
These figures could be improved upon in future if the model results are highly sensitive to 
their selection. 

Table 10: Maximum land areas available by land-use type 

Land use Current land 
area (ha, 2001)

Maximum land 
area (ha) 

Horticulture 231,000 330,000 
Dairy farming 2,050,000 2,500,000 
Livestock, cropping, and other farming 11,179,000 14,000,000 
Forestry 1,706,000 15,000,000 

 
Horticulture is the most constrained land-use, requiring good soil and climate for good 
production. However, viticulture is a fast-expanding area of horticulture that can be very 
productive outside of the areas traditionally suitable for horticultural production. Dairy 
farming is the next-most constrained, then the total of livestock and cropping farming and 
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other farming is constrained to be most of the available area, and it is expected that forestry 
could be productive on all current primary-productive land, given favourable economic 
conditions. 

A more accurate model would balance supply and demand for products against the 
profitability of different land uses. 

Environmental pressuresf 
The Environmental Sub-Model consists of applying an environmental efficiency factor for 
each productive sector and total population. The total output from each productive sector is 
the result of the Economic Sub-Model, while the total population is the result of the 
Population Sub-Model. The Environmental Impact Accounts 2001 developed by NZCEE 
provided the eco-efficiency factors. The environmental impacts reflect the use of natural 
resources and pollutants generated by the economic productive sectors and households in 
2001. Table 11 shows the environmental impacts considered for the scenarios 

Table 11: Environmental pressures used for the Environmental Sub-Model 

Environmental pressure Units 
Total land ha 
Aviation fuel  GJ 
Black liquor GJ 
Coal  GJ 
Diesel GJ 
Electricity GJ 
Fuel oil  GJ 
Geothermal GJ 
LPG GJ 
Natural gas  GJ 
Petrol GJ 
Wood GJ 
Total energy GJ 
Energy CO2 tonnes 
Agricultural GHG tonnes CO2-equivalent 
Waste, solvents, industrial processes GHG tonnes CO2-equivalent 
Non-energy GWP  tonnes CO2-equivalent 
Total GWP tonnes CO2-equivalent 

 
The quantification of these environmental pressures was used to calculate an environmental 
intensity factor for each impact for each sector. The environmental intensity is represented as 
a unit of pressure (i.e. electricity GJ, etc.) per unit of output for the economic sectors and as a 
unit of impact per capita for households. 

Table 12 shows the breakdown of generation types for electricity in 2001. Under the scenarios 
we modified this generation mix to reflect the conditions and prevailing attitudes of the 
scenarios. Note that we have assumed that these modified generation mixes apply regardless 
of the total amount of electricity required under each scenario. Ideally, the mix would be 
modified as a result of demand. For example, under No. 8 Wire, after the crash in 2035, there 
is considerably reduced demand for electricity, and it would be expected that the generation 
types that harm the environment more (e.g. coal) would be mothballed under this scenario. 
Solar-electric (decentralised generation) is likely to feature in energy scenarios for all after 
2020, but least so in No. 8 Wire because New Zealand is unlikely to have trade access to latest 
technology and economies of scale under than scenario, while Independent Aotearoa would 
adopt it despite reduced international trade. Fruits for a Few and New Frontiers are expected 
to have maintained access to international technology. 
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Table 12: Electricity consumer energy by generation type, 2001 

Electricity consumer energy
 by generation type Share (%)
Coal 5
Natural gas 28
Hydro 58
Geothermal 7
Solar <1
Wind <1
Biogas  <1
Wastes <1
Wood 1

 
A summary of the steps followed in the model is depicted in Figure 6. 

 
Figure 6: Steps of the Economic–Environmental Sub-Models. 
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Model Parameterisation 
Population and Labour Force sub-models 

Fertility rates
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(1) Statistics New Zealand (2004). National Population Projections: 2004(base) – 2051  
Figure 7: Projected fertility rates for the four scenarios. 

Total fertility rate in 2006 was 2.05. Fertility rate for Fruits for a Few steadily increases over 
50 years to reach 2.12. The fertility rate for Independent Aotearoa also increases steadily to 
reach 2.05. Fertility rate for New Frontiers and No. 8 Wire declines to 1.65 in 2035. While the 
fertility rate for New Frontiers keeps declining to reach 1.6 in 2050, No. 8 Wire’s remains at 
1.65 until 2050. 
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Life Expectancy (average males and females)
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Figure 8: Life expectancy for the four scenarios. 

 
Note that we used Statistic New Zealand’s rationale that life expectancy will continue to 
increase in relation to the current life expectancy (2006), although at different rates under 
different scenarios. 

Life expectancy for Fruits for a Few steadily increases over 50 years to reach 85.5 (average 
expected years of life at birth). Life expectancy for Independent Aotearoa also increases 
steadily to reach 87.5 (same as Statistics New Zealand’s low mortality projections). Life 
expectancy for New Frontiers and No. 8 Wire reaches 82.5 in 2035. Life expectancy for New 
Frontiers remains steady until 2050, while No. 8 Wire’s declines further to reach 81.5 in 2050. 
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Figure 9: Net migration for the four scenarios. 

Net migration for Fruits for a Few does not differ much from the ‘medium’ range (10,000 
people per annum). Migration for Independent Aotearoa fluctuates between Statistics New 
Zealand’s low and medium ranges. There is a noticeable shift in migration trends for the last 
two scenarios; both peak at 2035. It was assumed that the fast-growing economy of New 
Zealand would attract qualified/skilled entrepreneurs with either capital or ideas to invest. Net 
migration for New Frontiers is negative (−4000) in 2050, due to outward migration increasing 
as resources deplete, while No. 8 Wire’s drops only to 2500, because fewer can afford to leave 
and many want to stay to make a go of the new approach. 

For each scenario, we created a picture of consumer attitudes towards expenditure (reducing 
or increasing the percentages of certain household expenditure items). The magnitude of the 
change was done arbitrarily, keeping in mind only the relativity between scenarios. For 
instance, we decided that people in Fruits for a Few and New Frontiers will reduce their direct 
food purchases and dine out instead (15% more in Fruits for a Few and 20% in New 
Frontiers). On the other hand, people in Independent Aotearoa will reduce their food 
purchases from the food service sector (20%). 

Fruits for a Few 
Household expenditure 

The results presented in Table 13 resulted from the following assumptions:  

• Personal tax was reduced by 30%. Those household savings are now mainly used to pay 
for privatised health and community services sector (medical services, ambulances, 
medical specialists, child care services, elderly and residential care, etc.) at a higher cost 
(50% more). 
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• Direct food purchases were reduced by 15%, and they were substituted by the food 
service sector, with a 100% increase in price. 

• Household expenditure on the manufacturing sectors producing automotive, automotive 
parts and equipment was reduced by 20%, direct imports were reduced to 0%, domestic 
and international air travel reduced by 30%, and expenditure on the wholesale and retail 
sectors decreased by 20%. These expenditure items were substituted by the business 
service sector (motor vehicle hiring, repair, equipment hiring and maintenance, cleaning 
services, etc.) with a 50% increase in price, and by the personal services sector 
(household good hiring, waste disposal, private household employing staff, etc.). 

 
Table 13: Household expenditure profile – Fruits for a Few, 2050 

Expenditure item Percentage of 
household income 

Percentage 
in 2001 

Taxes 24 40 
Health and community services 17 13 
Business services 14 10 
Wholesale and retail 9 9 
Rent 8 5 
Personal and other community services 5 3 
Food 4 2 
Accommodation, restaurants and bars 3 2 
Real estate 2 2 
Cultural and recreational services 2 1 
Total of ten top expenditure items 89 87 

 

Sector productivity 
The following changes were applied to the productive sectors: 

• More efficient transformation processes. A 5% increase in productivity for agriculture 
and a 10% increase in productivity for manufacturing were implemented.  

• Less taxes: a 30% reduction in taxes was applied for all productive sectors. 
• Lower wages: a 10% reduction in wages was applied for all productive sectors. 

Capital structure 
In 2001, foreign ownership was 15.6% of total capital. Under this scenario we increased this 
figure to 65.6% to reflect that capital ownership is in the hands of an international elite. 

Electricity generation 
Fruits for a Few’s society will have access to technology that makes solar-electric 
(decentralised generation) a significant primary source of electricity (Table 14).  
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Table 14: Electricity consumer energy by generation type (%) 

Electricity consumer energy
 by generation type 

Fruits for 
a Few 2001

Coal 0 5
Natural gas 5 28
Hydro 55 58
Geothermal 10 7
Solar 20 0
Wind 10 <1
Biomass 0 1
Oil 0 0
Wave power 0 0

 

 

Household environmental pressures 
As shown in Table 2315, households under this scenario in 2050 are expected to use 5% less 
and discharge 10% less water than in 2001, although they will use 5% more energy per capita, 
with no change in the amount of land. 

Table 15: Changes in per capita environmental pressures between 2001 and 2050, Fruits for a Few 

Environmental pressure % change under scenario 
Water use −5 
Land occupation 0 
Energy consumption +5 
Water discharges −10 

 

Industrial environmental pressures 
Table 16: Changes (%) in environmental pressure per unit output between 2001 and 2050, Fruits for a Few 

Environmental pressure Agriculture Manufacturing Services 
Water −5 −5 0 
Energy 5 5 0 
Water discharges −2 −1 0 
Agricultural GHG 0   
Waste, solvents, industrial processes GHG 0 0 0 
LULUCF GHG 0 0 0 
Non-energy GWP 0 0 0 

 

Independent Aotearoa 
Household expenditure 

The results presented in Table 137 resulted from the following assumptions:  

• Personal tax was increased by 20%. This increase in taxes enables the government to 
provide better free health and community services (medical services, ambulances, 
medical specialists, child care services, elderly and residential care, etc.). 
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• Due to more food growing by households, direct purchases of horticultural products were 
reduced by 5%. Expenditure on accommodation and restaurants reduced by 20%, 
increasing direct food purchases (meat, dairy, fish, beverages, etc.), with savings of 50%.  

• In order to reflect a change in consumer attitudes, household expenditure on all 
manufacturing goods reduced by 5%. Direct imports were reduced by 80%, domestic and 
international air travel reduced by 20%, and expenditure on the wholesale and retail 
sectors decreased by 20%. These changes allowed for increasing savings and investment 
to a 3% of total household income. 

Table 17: Household expenditure profile – Independent Aotearoa, 2050 

Expenditure item Percentage of 
household income

Percentage 
in 2001 

Taxes 47 40 
Wholesale and retail 11 13 
Rent 9 10 
Food 5 9 
Savings 3 5 
Real estate 3 3 
Cultural and recreational services 2 2 
Imports 2 2 
Accommodation, restaurants and bars 2 2 
Communication services 2 1 
Total of top ten expenditure items 89 87 

 

Sector productivity 
The following changes were applied to the productive sectors: 

• Transformation processes are slightly more efficient under this scenario. A 1% increase in 
productivity for agriculture and a 3% increase in productivity for manufacturing were 
implemented. A 10% increase on the communication sector and the pharmaceutical 
industry was applied. This change was accommodated by reducing the amount of inter-
industry coefficients by that percentage and increasing the value-added component (VA; 
labour, capital and taxes).  

• Less taxes. A 30% reduction in taxes was applied for all productive sectors. This change 
was applied by reducing by that percentage the tax component of value added. 

• Lower wages. A 10% reduction in wages was applied for all productive sectors. This 
change was applied by reducing by that percentage the labour component of value added. 
In consequence, the capital component of value added for each productive sector was 
increased correspondingly. 

 

Capital structure 
In 2001, foreign ownership was 15.6% of total capital. Under this scenario we reduced this 
figure to 5.6%. 

Exports profile 
The following changes were applied to the exports profile: 

• Export earnings of agricultural-related industries decreased by 5% (reduction in 
volumes). Manufacturing goods exports decreased 2%. Communication, pharmaceutical 
industries and education services increased 20%. 
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Electricity generation 
The electricity generation mix for Independent Aotearoa is identical to that of Fruits for a 
Few, with only 5% of the total coming from non-renewables (Table 18). The emission factor 
is therefore 5.6 kgCO2/PJ delivered electricity. 

Table 18: Electricity consumer energy by generation type (%) 

Electricity consumer energy
 by generation type 

Independent
Aotearoa 2001 

Coal 0 5 
Natural gas 5 28
Hydro 55 58
Geothermal 10 7 
Solar 20 0 
Wind 10 <1
Biomass 0 1 
Oil 0 0 
Wave power 0 0 

Household environmental pressures 
As shown in Table 19, households under this scenario in 2050 are expected to use and 
discharge 10% less water than in 2001, with no change in land or energy per capita. 
Table 19: Changes in per capita environmental pressures between 2001 and 2050, Independent Aotearoa 

Environmental pressure % change under scenario 
Water use −10 
Land occupation 0 
Energy consumption 0 
Water discharges −10 

 

Industrial environmental pressures 
Table 20: Changes (%) in environmental pressure per unit output between 2001 and 2050, Independent 

Aotearoa 

Environmental pressure Agriculture Manufacturing Services 
Water −2 −5 0 
Energy 0 0 0 
Water discharges −2 −1 0 
Agricultural GHG 0   
Waste, solvents, industrial processes GHG 0 0 0 
LULUCF GHG 0 0 0 
Non-energy GWP 0 0 0 

 

New Frontiers and No. 8 Wire, 2035 
Household expenditure 

Table 21 shows the household expenditure of the New Frontiers and No. 8 Wire scenarios at 
2035 under the following assumptions:  
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• Personal tax was decreased by 50%. However, as per Fruits for a Few, those savings are 
now mainly used to pay for privatised health and community services sector (medical 
services, ambulances, medical specialists, child care services, elderly and residential care, 
etc.) at a higher cost (50% more). 

• Direct food purchases were reduced by 20%. Consequently, people increased expenditure 
on accommodation and restaurants (19%), at 100% extra prices.  

• In order to reflect an increase in consumerist behaviour, household expenditure on all 
manufacturing goods increased by 5%. Direct imports increased by 10%, and expenditure 
on the wholesale and retail sectors increased by 50%.  

 
Table 21: Household expenditure profile – New Frontiers and No. 8 Wire, 2035 

Expenditure item Percentage of 
household income

Percentage 
in 2001 

Wholesale and retail 20 40 
Taxes 20 13 
Direct imports 11 10 
Health and community services 11 9 
Rent 9 5 
Accommodation, restaurants and bars 5 3 
Food 4 2 
Real estate 3 2 
Cultural and recreation  2 2 
Personal services 1 1 
Total of top ten expenditure items 86 87 

 

Sector productivity 
The following changes were applied to the productive sectors: 

• Transformation processes produce more outputs under this scenario. A 7% increase in 
productivity for agriculture and a 15% increase in productivity for manufacturing were 
implemented. This change was applied by reducing the amount of inter-industry 
coefficients by that percentage and increasing the value-added component (labour, capital 
and taxes) to accommodate this change.  

• Less taxes. A 50% reduction in taxes was applied for all productive sectors. This change 
was applied by reducing by that percentage the tax component of value added. 

• Lower wages. A 10% reduction in wages was applied for all productive sectors. This 
change was applied by reducing by that percentage the labour component of value added. 
In consequence, the capital component of value added for each productive sector was 
increased correspondingly. 

Capital structure 
In 2001, foreign ownership was 15.6% of total capital. For this scenario, this figure was left 
unchanged. 

Electricity generation 
The electricity generation mix for the New Frontiers and No. 8 Wire scenarios (both 2035 and 
2050) were loosely based on the ‘Carbon Capture’ scenario from the Energy Outlook (MED 
2006), but assuming that carbon capture doesn’t take place under the scenarios, and that there 
is also power generated from solar technologies (Table 22). Under this generation mix the 
emission factor is therefore 36.3 kgCO2/PJ delivered electricity. 
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Table 22: Electricity consumer energy by generation type (%) 

Electricity consumer energy
 by generation type 2035 2001
Coal 15 5
Natural gas 0 28
Hydro 55 58
Geothermal 10 7
Solar 10 0
Wind 10 <1
Biomass 0 1
Oil 0 0

 

Household environmental pressures 
As shown in Table 23, households under this scenario in 2050 are expected to use 5% more 
water than in 2001, there will be no change in the amount of land per capita, and both energy 
consumption and water discharge per capita will increase by 5%. 

Table 23: Changes in per capita environmental pressures between 2001 and 2035, 
New Frontiers and No. 8 Wire 

Environmental pressure % change under scenario 
Water use +5 
Land occupation 0 
Energy consumption +5 
Water discharges +5 

Industrial environmental pressures 
Table 24: Changes (%) in environmental pressure per unit output between 2001 and 2035,  

New Frontiers and No. 8 Wire 

Environmental pressure Agriculture Manufacturing Services 
Water 5 5 0 
Energy 5 5 0 
Water discharges 5 5 0 
Agricultural GHG 0   
Waste, solvents, industrial processes GHG 0 0 0 
LULUCF GHG 0 0 0 
Non-energy GWP 0 0 0 
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New Frontiers, 2050 
Household expenditure 

Table 25: Household expenditure profile – New Frontiers, 2050 

Expenditure Item Percentage of
household 

income (2050)

Percentage in 2035 Percentage
in 2001 

Taxes 21 20 40 
Health and community services 19 20 13 
Wholesale and retail 15 11 10 
Rent 9 11 9 
Direct imports 8 9 5 
Accommodation, restaurants and bars 5 5 3 
Food 4 4 2 
Real estate 3 3 2 
Cultural and recreation  2 2 2 
Communication services 2 1 1 
Total of top ten expenditure items 87 86 87 

 

Sector productivity 
The following changes were applied to the productive sectors: 

• Transformation processes produce less output under this scenario in comparison to 2035. 
A 10% decrease in productivity for agriculture and a 5% decrease for manufacturing were 
implemented. These changes were accommodated by increasing the amount of inter-
industry coefficients and decreasing the value-added component (labour, capital, taxes).  

• Same tax levels as in 2035. 
• Lower wages than 2035. A 30% reduction in wages in comparison to 2035 was applied 

for all productive sectors. This change was applied by reducing by that percentage the 
labour component of value added. In consequence, the capital component of value added 
for each productive sector was increased correspondingly. 

Capital structure 
In 2035, foreign ownership was 14.6% of total capital. Under this scenario we reduced this 
figure to 4.6%. 

Export profiles 
Exports of agriculture and primary products manufacturing were reduced by 40%; all other 
manufacturing exports were reduced by 10%. Exports from the fishing and mining sectors 
were reduced by 60%. 

Household environmental pressures 
As shown in Table 26, households under this scenario in 2050 are expected to exert similar 
pressure on the environment as in 2035. 

Table 26: Changes in per capita environmental pressures between 2001 and 2050, New Frontiers 

Environmental pressure % change under scenario 
Water use +5 
Land occupation 0 
Energy consumption +5 
Water discharges +5 
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Industrial environmental pressures 
Under New Frontiers, it is expected that the environmental intensities from industry continue 
unchanged between 2035 and 2050. 

Table 27: Changes (%) in environmental pressure per unit output between 2001 and 2050, New Frontiers 

Environmental pressure Agriculture Manufacturing Services 
Water 5 5 0 
Energy 5 5 0 
Water discharges 5 5 0 
Agricultural GHG 0   
Waste, solvents, industrial processes GHG 0 0 0 
LULUCF GHG 0 0 0 
Non-energy GWP 0 0 0 

 

 

No. 8 Wire, 2050 
Household expenditure 

Table 28 was the result of the following assumptions:  

• People pay 20% more taxes than in 2035; however, expenditure in privatised health and 
the community services sector (medical services, ambulances, medical specialists, child 
care services, elderly and residential care, etc.) still increased by 50%. 

• Direct food purchases increased by 10%, and expenditure on accommodation and 
restaurants decreased by 50%.  

• In order to reflect a change in consumerist behaviour, direct expenditure on all 
manufacturing goods reduced by 10% in comparison to 2035, and expenditure on the 
wholesale and retail sectors decreased by 50% in comparison to 2035. Direct imports 
reduced by 50%. 

Table 28: Household expenditure profile – No. 8 Wire, 2050 

Expenditure item Percentage of
household 

income (2050)

Percentage in 2035 Percentage
in 2001 

Taxes 27 20 40 
Health and community services 17 20 13 
Wholesale and retail 11 11 10 
Rent 10 11 9 
Direct imports 6 9 5 
Food 5 5 3 
Real estate 3 4 2 
Accommodation, restaurants and bars 2 3 2 
Cultural and recreation  2 2 2 
Communication services 2 1 1 
Total of top ten expenditure items 86 86 87 
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Sector productivity 
The following changes were applied to the productive sectors: 

• Transformation processes produce less outputs under this scenario in comparison with 
2035. A 10% decrease in productivity for agriculture and a reduction of 5% for 
manufacturing were implemented. This change was accommodated by increasing the 
amount of inter-industry coefficients and decreasing the value added component (labour, 
capital and taxes).  

• Tax levels increased 20% from 2035. This change was implemented by increasing the 
government share of the value-added component and reducing value added to capital. 

• Lower wages than 2035. A 20% reduction in wages in comparison to 2035 was applied 
for all productive sectors. This change was applied by reducing by that percentage the 
labour component of value added. In consequence, the capital component of value added 
for each productive sector was increased correspondingly. 

Capital structure 
In 2035, foreign ownership was 14.6% of total capital. Under this scenario we reduced this 
figure to 4.6%.  

Export profiles 
Exports of agriculture and primary products manufacturing were reduced by 40%, all other 
manufacturing exports were reduced by 15%. Exports of the fishing and mining sectors were 
reduced by 60%. 

Household environmental pressures 
As shown in Table 29, households under this scenario in 2050 are expected to revert back to 
the environmental pressures of 2001. 

Table 29: Changes in per capita environmental pressures between 2001 and 2050, No. 8 Wire 

Environmental pressure % change under scenario 
Water use 0 
Land occupation 0 
Energy consumption 0 
Water discharges 0 

Industrial environmental pressures 
Table 30: Changes (%) in environmental pressure per unit output between 2001 and 2050, No. 8 Wire 

Environmental pressure Agriculture Manufacturing Services 
Water 0 0 0 
Energy 0 0 0 
Water discharges 0 0 0 
Agricultural GHG 0   
Waste, solvents, industrial processes GHG 0 0 0 
LULUCF GHG 0 0 0 
Non-energy GWP 0 0 0 
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Labour Force Sub-Model Parameterisation 
Participation rates in 2050 for Fruits for a Few and Independent Aotearoa were based on 
Statistics New Zealand’s (2005) national labour force projections to 2051 (2001 (base) to 
2051 update). The participation rates for New Frontiers and No. 8 Wire were defined as shown 
in Table 31. 

Table 31: Participation rates assumptions 

Fruits for a Few 
(2050) 

Independent Aotearoa 
(2050) 

New Frontiers & 
No. 8 Wire (2035) 

New Frontiers 
(2050) No. 8 Wire (2050) 

Scenario 9M (Stats 
NZ) high fertility, 
low mortality, net 

migration of 
15,000, medium 

LFPR 

Scenario 5L (Stats 
NZ) medium fertility, 

medium mortality, net 
migration of 10,000, 

low LFPR 

2% higher 
participation rates 
than Fruits for a 

Few (2050) 

Same 
participation 

rates as 
present (2006) 

Same 
participation rates 
as Independent 
Aotearoa (2050) 

Note: LFPR = Labour force participation rate 
 

It was assumed that under individualistic societies (Fruits for a Few and New Frontiers) more 
people would be willing to participate in the workforce. However, the main driver for high 
participation rates in Fruits for a Few is the need to pay for health and community services, 
while the main driver for New Frontiers is the notion of having money to spend. 

After 2035, New Frontiers and No. 8 Wire societies respond differently. Under New Frontiers 
after 15 years (from 2035 to 2050) of constant depression of the labour market, participation 
rates reduce to the current levels (2006). Under No. 8 Wire, people respond by withdrawing 
from the labour force to focus on subsistence activities, therefore their participation rates are 
set at the same level as Independent Aotearoa (2050).  

Unemployment 
Table 32 shows the unemployment rates assumed for each scenario (2006 rate was 3.4%). 

Table 32: Unemployment rates assumed under each scenario 

Scenario Assumed
unemployment

rate (%)
Fruits for a Few (2050)  3.5
Independent Aotearoa (2050) 5.0
New Frontiers (2035) 3.2
New Frontiers (2050)  18.0
No. 8 Wire (2050)  15.0

 
After 2035, under New Frontiers and No. 8 Wire high unemployment rates became the norm. 
Even after 15 years the unemployment rates are still very high. This is due to the significant 
reduction of agricultural and manufacturing industries (more detail given in the Economic 
Sub-Model section). Few industries remained competitive; however, there were simply not 
enough jobs for all people willing to work. 

 



VERSION 1: A Quantitative Model in Support of the Four Future Scenarios for New Zealand 

32 

Results and Discussion 
Under all scenarios, the proportion of total GDP contributed by primary industries drops. This 
does not reflect declining production in these sectors; rather it indicates that growth is not as 
fast as in manufacturing and services sectors. This is mostly because of limits to productivity 
growth (which were defined for each scenario) and the limited availability of land. 

Figure 1010 shows the expected population of New Zealand under each scenario. With 
significant environmental collapse around 2035, both New Frontiers and No. 8 Wire start to 
decline. The final populations under each scenario are given in Table 33. 
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Figure 10: Output of population model for the four scenarios. 

 
 

Table 33: New Zealand population in 2001, 2006, and for each scenario at 2050 

Year / Scenario Population
2001 3,865,400
2006 4,120,470
Fruits for a Few 5,265,502
Independent Aotearoa 5,334,398
New Frontiers 4,876,650
No. 8 Wire 5,099,874
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All scenarios will face an aging population, as seen in Table 35. The 65+ age group will be 
20% of the total population by 2050 (in 2006 that age group represented 12%).  

Figures giving the composition of final population by age-sex cohort under each scenario are 
given in the results sections for each scenario. 

 

Table 34: Population composition (%) for 2006 and for each scenario at 2050  

Age group 2006 
Fruits for a 

Few (2050)
Independent 

Aotearoa (2050)
New Frontiers 

(2050) 
No. 8 Wire 

(2050)
0–14 21 19 18 16 16
15–39 35 31 31 30 31
40–64 31 30 30 33 33
65+ 12 20 21 20 20

 

Labour force 
More people in the 65+ age group have to work under each scenario, except for Independent 
Aotearoa. While Independent Aotearoa (2050) is expected to have a lower percentage of 65+ 
people working than now (down from 12% to 10%), New Frontiers/No. 8 Wire (2035) will 
see 15% of 65+ people in the workforce (Table 36). 

Under New Frontiers and No. 8 Wire following the crash of 2035, unemployment is expected 
to be high and this would probably lead to serious social problems (especially crime).  

 
Table 35: Labour participation rates (%) for 2006 and for each scenario at 2050 

Age group 2006 
Fruits for a 

Few (2050)
Independent 

Aotearoa (2050)
New Frontiers/ 

No. 8 Wire (2035) 

New 
Frontiers 

(2050)
15–24 62 68 57 70 62
25–44 81 83 71 85 81
45–64 80 86 80 88 80
65+ 12 13 10 15 12
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Figure 11: Labour force composition for each scenario. 
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Figure 12: Composition of people employed for each scenario. 
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Economic 
Table 37 shows the GDP contribution by percentage for all productive sectors in 2001 and for 
each scenario. The contribution of primary sectors increased under Fruits for a Few in 2050 
and New Frontiers and No. 8 Wire (2035) to 10% of GDP. After 2035, the primary sectors 
collapse under New Frontiers and No. 8 Wire. Independent Aotearoa shows a decrease on the 
GDP contribution by the manufacturing sector (in relation to 2001) and an increase of GDP 
contribution by the government. The following sections show the population profiles for each 
scenario (Figures 13, 15, 17, 19, 21, 23) and the GDP contributions of individual sectors to the 
economy in these (Figures 14, 16, 18, 20, 22, 24). 

 
Table 36: GDP contribution by productive sectors (%) to the economy in 2006 and for each scenario 

 

2001

Fruits for 
a Few 
(2050)

Independent 
Aotearoa 

(2050)

New 
Frontiers 

and No. 8 
Wire 

(2035) 

New 
Frontiers 

(2050)

No. 8 
Wire 

(2050)
Primary sectors 8 10 6 10 5 6
Manufacturing sectors 16 21 15 25 17 19
Services sectors 65 62 67 58 67 66
Government 4 2 5 1 2 2
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Fruits for a Few 
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Figure 13: Population profile for scenario Fruits for a Few, 2050. [males on left] 

 
Figure 14 shows the GDP contribution by each sector in 2001, for Fruits for a Few in 2050, 
and the relative change 2001–2050. Dark green bars represent primary sectors, light green 
bars represent manufacturing sectors, and yellow bars represent service sectors. The business 
services sector is the main GDP contributor to the economy in 2050. This is due to the 
substitution of several goods for ‘functions’. The health sector is the second contributor to 
GDP, due to privatisation of the health sector (health services will be more expensive) and the 
aging population. Ownership of owner-occupied dwellings sector shows the biggest decrease, 
probably meaning that fewer people own a property under this scenario. Wholesale and retail 
sectors [we make no assumptions on margins] also decrease under this scenario.  
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Figure 14: Contribution to GDP by industries for Fruits for a Few, 2001, 2050, and change. 
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Independent Aotearoa 
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Figure 15: Population profile for scenario Independent Aotearoa, 2050. [males on left] 

 

Figure 16 shows that the contribution to GDP of all primary sectors (mainly dairy farming) 
and most manufacturing sectors decreases under Independent Aotearoa. Wholesale and retail 
also decrease, along with air transport. The construction sector shows the biggest increase in 
comparison to the 2001 economy, followed by ownership of owner-occupied dwellings and 
the central government administration sector. There is also a noticeable increase in the 
education sector (probably as a result of lower labour participation rates in the working age 
groups) and the health sector (aging population). 
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Figure 16: Contribution to GDP by industries for Independent Aotearoa, 2001, 2050, and change. 
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New Frontiers, 2035 
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Figure 17: Population profile for scenarios New Frontiers and No. 8 Wire, 2035. [males on left] 

 

The economic structure in 2035 for New Frontiers and No. 8 Wire is shown in Figure 18. 
There is a marked increase in the primary and transformation sectors. However, the decrease 
in ownership of owner-occupied dwellings accompanied by the overall decrease in service 
sector contribution to GDP probably reflect the fact that most productive assets are in the 
hands of multinational companies, not reinvesting in New Zealand. The health sector increases 
very slightly, which probably means longer waiting lists and an overall reduction in the 
quality of services (a big problem considering that the population will age even more by 
2050). Higher labour participation rates in the working-age groups means that the GDP 
contribution of the education sector decreases. 
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Figure 18: Contribution to GDP by industries for New Frontiers, 2001, 2035, and change. 
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New Frontiers, 2050 
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Figure 19: Population profile for scenario New Frontiers, 2050. [males on left] 

 

After the collapse of primary industries, the economy in 2050 for New Frontiers looks very 
similar (Figure 20) to the economy in 2001, which is a big change from the economic 
performance achieved in 2035. Only the health sector keeps growing under this scenario, 
driven by the age of the population.  
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Figure 20: Contribution to GDP by industries for New Frontiers, 2001, 2050, and change. 
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No. 8 Wire, 2035 
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Figure 21: Population profile for scenario No. 8 Wire, 2035. [males on left] 

 

The structure of the economy in 2035 for No. 8 Wire was considered to be the same built for 
New Frontiers 2035. It was adjusted, however, to reflect the changes in total population.  
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Figure 22: Contribution to GDP by industries for No. 8 Wire, 2001, 2035, and change. 
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No. 8 Wire, 2050 
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Figure 23: Population profile for scenario No. 8 Wire, 2050. [males on left] 

 

The economic structure of No. 8 Wire in 2050 (Figure 24) looks very similar to the economic 
structure of New Frontiers in 2050. Primary industries collapse, foreign capital is withdrawn 
and only the health sector keeps growing under this scenario, driven by the age of the 
population.  
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Figure 24: Contribution to GDP by industries for No. 8 Wire, 2001, 2050, and change. 
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Environmental pressures and other effects 
Environmental pressures 

The environmental pressures in 2001 and under each scenario are summarised in Table 37. At 
this stage we have been quite limited in the range of pressures we can project with the model. 
These will be reviewed at a later stage. 

Table 37: Summary of environmental pressures in 2001 and under each scenario 

Environmental 
pressure 2001 

Fruits for
a Few

Independent
Aotearoa

NF & No. 8
2035

New Frontiers 
2050 

No. 8 Wire
2050

Petrol (PJ) 101 143 128 139 136 129
Diesel (PJ) 87 123 101 132 115 108
Electricity (PJ) 120 181 136 191 174 159
Energy (PJ) 472 708 540 748 676 626
Energy CO2 (Gg) 25 31 24 38 35 32
Agric. GHG (Gg) 35 53 31 59 36 37
Other GHG (Gg) 6 10 6 9 8 8
Total GWP (Gg) 66 94 62 107 79 77

 

The results for petrol and diesel reflect the changing levels of households and industry, 
respectively. The majority of petrol is consumed by households for transportation in private 
vehicles, and the changes in petrol under the scenarios closely follow population growth. In 
contrast, the largest user of diesel in the economy is the road transport industry, and with 
reduced exports under some scenarios (notably New Frontiers and No. 8 Wire in 2050), there 
is a reduced demand for road transportation to processing facilities and to ports. 

The agricultural greenhouse gas emissions results also reflect the changed export levels under 
the scenarios. Again, New Frontiers and No. 8 Wire have significantly reduced exports in 
2050 and therefore significantly reduced agricultural production. This directly affects the 
greenhouse gases emitted by those sectors. There is marked reduction in emissions of 
agricultural gases between 2035 and 2050 under these scenarios. 

Global warming potential is projected to increase slightly under Fruits for a Few, to reduce 
slightly under Independent Aotearoa, and to reduce sharply under New Frontiers and No. 8 
Wire after 2035, for the same reasons as given above for diesel and agricultural emissions. 
The total global warming potential figures given in Table 38 exclude sequestration. The model 
is not yet sophisticated enough to track levels of sequestering forest in New Zealand. With its 
current construction, the model would simply assume that changing economic production by 
forestry would result in proportional changes in sequestration, an assumption that is under 
review. 

Land used by primary industries 
The areas of land used by the primary industries are given in Table 38. Recall that the model 
limits total land area used by these five industries to the total land available for primary 
production, modified slightly under each scenario. The results here reflect the different 
productivities of each industry under the scenarios, along with the changed production levels. 
In the No. 8 Wire scenario it was necessary to increase the land productivity factor (from 50% 
of 2001 to 63%) so that there was sufficient production to supply domestic demand. 

The Fruits for a Few scenario shows that both the horticulture and dairy farming sectors 
reached the maximum land allocated as available for them.  
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Table 38: Primary land use in 2001 and under each scenario in 2050 (ha ×1000) 

Land use 2001 Fruits for
a Few

Independent
Aotearoa New Frontiers No. 8 Wire 

Horticulture 231  330  220  256   247  
Livestock and crops 10,607  9,327  9,283  8,966   9,437  
Dairy farming 2,048  2,500  1,951  2,378   2,583  
Other farming 571  417  448  455   481  
Forestry 1,705  1,832  1,746  2,350   2,416  

 

Household environmental pressures 
Household environmental pressures in 2001 and under each scenario are summarised in Table 
39. At this stage we have been quite limited in the range of pressures we can project with the 
model. They will be reviewed at a later stage. 

Table 39: Summary of household environmental pressures in 2001 and under each scenario 

Environmental 
pressure 2001 

Fruits for
a Few

Independent
Aotearoa

NF & No. 8
2035

New Frontiers 
2050 

No. 8 Wire
2050

Petrol (PJ) 84 119 108 112 111 107
Diesel (PJ) 12 16 15 15 15 15
Electricity (PJ) 42 60 55 57 56 54
Energy (PJ) 153 218 198 205 203 195
Energy CO2 (Gg) 9 10 9 11 11 11

 

The household environmental pressures are the combination of household habits and total 
population. It can be seen that Fruits for a Few households will be more energy demanding in 
2050. New Frontiers and No. 8 Wire societies in 2035 will have the highest energy 
requirements per capita, but the population is lower than in other scenarios. 

Other economic effects 
The employment level under each scenario, shown in Table 40, is a direct result of population 
and also participation and unemployment rates. 

Table 40: Number of employees under each scenario (FTEs: millions) 

 Fruits for 
a Few 2050 

Independent 
Aotearoa 2050

New Frontiers & 
No. 8 Wire 

2035 

New 
Frontiers 

2050 

No. 8 
Wire 
2050 

FTEs 2.42 2.00 2.48 1.91 1.87 
 

While the size of the economy is determined by available labour, the spread of that labour 
across different industries determines GDP, which is derived primarily from the value-added 
of each industry (the three major components of value added are: total compensation to 
employees, capital invested and taxes paid). The New Frontiers scenario resulted in the 
highest GDP in 2050, increasing even after the crash resulting from the environmental 
degradation (see Table 41). 

Table 41: GDP in 2001 and at end of each scenario, $NZ2001billion 

 2001 Fruits for 
a Few 

Independent
Aotearoa 

New Frontiers
2035 

New Frontiers
2050 

No. 8 Wire 
2035 

No. 8 Wire
2050 

GDP 111 158 131 167 183 167 161 
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Conclusions 
The model described in this document was developed as a support tool for quantitatively 
testing assumptions made in the narrative used to describe the four futures for New Zealand.  

The aim of this first version of the model was to set the framework from which interaction 
between narrators and modellers can progress. It was therefore necessary to develop the model 
keeping it as flexible and transparent as possible to facilitate the understanding of its 
mechanics and flow-on effects. 

Parameters needed for the model have been made as exogenous as possible, provided directly 
by the narrative of the four scenarios. Thus, results presented in this document are subject to 
continuous reviews and validation, which will be achieved through cycles of interaction with 
narrators. 

The model consists of four independent sub-models without feedback loops. Each of the sub-
models (population, labour, economic and environmental) has a very specific function 
requiring a considerable number of assumptions. They are run sequentially and the output of 
one sub-model is used as input of other sub-models.  

Results from the Population Sub-Model show that all scenarios will face an aging population 
by 2050. The 65+ age group will be a fifth of the total population. The labour model shows 
that more people in this age group will have to work under each scenario in comparison with 
2006, except for Independent Aotearoa.  

Results from the Economic Sub-Model show that the GDP contribution of primary sectors is 
expected to increase under Fruits for a Few in 2050 and New Frontiers and No. 8 Wire  in 
2035 in comparison to 2001. After 2035, the primary sectors collapse for New Frontiers and 
No. 8 Wire. Independent Aotearoa shows a decrease in the GDP contribution by the 
manufacturing sector (in relation to 2001). Independent Aotearoa is the only scenario that 
assumes higher tax being paid; therefore the size of the central government sector increases 
under this scenario. 

Results from the Environmental Sub-Model show that consumption of petrol and diesel reflect 
changing levels in households and industry, respectively. While petrol is mainly used for 
private transport, the largest user of diesel in the economy is the road freight transport 
industry, and with reduced exports under some scenarios (notably New Frontiers and No. 8 
Wire in 2050), there is a reduced demand for road transportation to processing facilities and to 
ports. 

The agricultural greenhouse gas emissions results also reflect the changed export levels under 
the scenarios. Again, New Frontiers and No. 8 Wire have significantly reduced exports in 
2050 and therefore significantly reduced agricultural production. This directly affects the 
greenhouse gases emitted by those sectors. There is a marked reduction in emissions of 
agricultural gases between 2035 and 2050 under these scenarios. 

Global warming potential is projected to increase under Fruits for a Few, to reduce slightly 
under Independent Aotearoa, and to reduce sharply under New Frontiers and No. 8 Wire 
between 2035 and 2050, for the same reasons as given above for diesel and agricultural 
emissions. The total global warming potential figures given in Table 38 exclude offsets as a 
result of forest sequestration because we have not built the assumptions yet.  

The Environmental Sub-Model also shows household environmental pressures as the 
combination of household energy requirements and total population. It can be seen that Fruits 
for a Few households will be more energy demanding in 2050. New Frontiers and No. 8 Wire 
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societies in 2035 will have the highest energy requirements per capita, but the population is 
lower that other scenarios. 

In summary, this first version of the model is useful in establishing a tool that can be used to 
complement the narrative in scenario creation. The model provides us with a ‘holistic view’ of 
basic interactions between simplified social, economic, and environmental systems.  
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Further Work 
As the users become more familiar with the model, complexity can be added, along with a full 
revision of the fundamental linkages. In terms of modelling, we’ve highlighted the following 
points: 

• The inclusion of additional environmental pressures, such as nitrates, water 
consumption, and carbon dioxide sequestration, would be beneficial. 

• The electricity generation mix ought to change according to demand. The current 
model does not allow for the mothballing of environmentally damaging or highest cost 
generation capacity in the event of reduced demand. 

• The model assumes that the economy grows according to the pool of available labour. 
This requires that the labour situation is defined for each scenario (participation and 
unemployment levels). Ideally it should include a measure of productivity.  

• The economic model does not consider changes in prices as a result of changing 
supply and/or demand. The model should therefore be interpreted only in a physical 
sense, rather than as descriptions of value flows, per se. We envisage that a future 
version of this model would use a computable general equilibrium approach in place of 
the simpler social accounting matrix approach used here. This improvement would 
allow us to model the effects of changing demand levels on prices, and the follow-on 
effects on the economy. 

• The model assumes no changes in efficiencies of transportation or other forms of 
energy conversion. It also assumes no changes in modes of transport (e.g. from cars to 
electric rail). With further assumptions, these could be added in as modifications to 
environmental intensities and to consumption patterns. 

• Most results are calculated in direct proportion of the total output of the sectors, ideally 
some results, especially environmental pressures, should be linked to physical 
production of goods and services. 
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Appendix 
Fruits for a Few 

Table 42: High level economic assumptions, Fruits for a Few 

 Payments  

Receipts ACT COMM FACT HHLD GOV ROW CAP 
ACC TOTAL 

ACT   

Domestic sales. More efficient 
transformation processes. High 
use of energy (renewable), less 
use of water, more eco-efficient. 

Intensive cropping, less agriculture 
and forestry 

      

Exports. 
Increased exports 

of few market 
segments 
(especially 
services) 

  Gross 
output sales 

COMM 
Interim. More 
transfers from 

manufacturing to 
services 

    

Private consumption. 
There is a shift from 
purchasing goods to 

purchasing ‘functions’. More 
expenditure on health, less 

air travel 

      Absorption 

FACT 
VA. Shift to 

services, high 
employment rates 

            Factor 
income 

HHLD     

Income 
allocation. 

Significantly lower 
wages 

  

Transfers. 
Significantly 
less social 
benefits  

    Household 
income 

GOV Indirect taxes. 
Less taxes Tariffs. Free trade   Direct taxes. Less taxes       GOV 

revenue 

ROW   Imports. More imports to 
substitute manufacturing goods           

Foreign 
exchange 
savings 

CAP 
ACC       Private savings. Less 

savings 
GOV savings. 

Less GOV 
savings 

Foreign savings. 
High proportion of 
foreign ownership 

  Total 
savings 

TOTAL Total input 
expenditure Value of supply of goods Factor income 

to households Household outlays GOV outlays 
Foreign 

exchange 
earnings 

Total 
INV   
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Independent Aotearoa 
Table 43: High level economic assumptions, Independent Aotearoa 

 Payments  

Receipts ACT COMM FACT HHLD GOV ROW CAP 
ACC TOTAL 

ACT   

Domestic Sales. More eco-
efficient transformation processes, 
not necessarily more output (more 

recycling, higher value primary 
products). Energy intensive (but 

more renewable), less use of 
water. Less agriculture and 

forestry. 

      

Exports. Decreased 
commodity exports due to ‘user 
pays’ policies, which make NZ 
less competitive internationally. 
'Boutique' high tech exporting 

(pharmaceuticals, IT) 

  Gross 
output sales 

COMM 

Interim. Increase 
manufacturing (make 
local, buy local). More 

IT and communications 
sector  

    

Private consumption. 
There is a change in 

consumption attitudes. 
User pays. Less car 
use. Grow your own 

food 

      Absorption 

FACT 
VA. Manufacturing and 
IT strengthen, medium 

employment rates 
            Factor 

income 

HHLD     

Income 
allocation. 

Slightly lower 
wages 

  

Transfers. 
Significantly 
more social 

benefits  
    Household 

income 

GOV 
Indirect taxes. 

Significantly more 
taxes 

Tariffs. Higher tariffs   Direct taxes. More 
taxes       GOV 

revenue 

ROW   
Imports. Less imports of 

manufacturing goods. Australia–
NZ combined domestic market  

          
Foreign 

exchange 
savings 

CAP 
ACC       Private savings. More 

savings 
GOV savings. 

More GOV 
savings 

Foreign savings. Low 
proportion of foreign ownership   Total 

savings 

TOTAL Total input 
expenditure Value of supply of goods 

Factor 
income to 

households 
Household outlays GOV 

outlays 
Foreign exchange 

earnings 
Total 
INV   
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New Frontiers and No. 8 Wire, 2035 
Table 44: High level economic assumptions, New Frontiers and No. 8 Wire, 2035 

 Payments  

Receipts ACT COMM FACT HHLD GOV ROW CAP 
ACC TOTAL 

ACT   

Domestic sales. More outputs. High use 
of energy (non-renewable, more coal), no 
improvement on use of water, less eco-

efficient. Intensive agriculture and forestry 
      

Exports. Increased 
exports of 

commodities (high 
commodity prices) 

  Gross output 
sales 

COMM 
Interim. More 
manufacturing, 

extraction 
    

Private consumption. 
More consumption. More 
energy intensive (more 

cars) 
      Absorption 

FACT VA. High 
employment rates             Factor 

income 

HHLD     
Income 

allocation. 
Lower wages 

  
Transfers. 
Less social 

benefits  
    Household 

income 

GOV Indirect taxes. 
Less taxes Tariffs. Free trade   Direct taxes. Less taxes       GOV revenue 

ROW   Imports. More imports of manufacturing 
goods           

Foreign 
exchange 
savings 

CAP 
ACC       Private savings. 

Significantly less savings 
GOV savings. 

Less GOV 
savings 

Foreign savings. 
Medium proportion of 

foreign ownership 
  Total savings 

TOTAL Total input 
expenditure Value of supply of goods 

Factor 
income to 
household 

Household outlays GOV 
outlays 

Foreign exchange 
earnings 

Total 
INV   
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New Frontiers, 2050  
Table 45: High level economic assumptions, New Frontiers, 2050 

 Payments  

Receipts ACT COMM FACT HHLD GOV ROW CAP 
ACC TOTAL 

ACT   

Domestic sales. Less outputs. 
Same energy levels and water 

usage. Significantly less 
intensive agriculture and forestry 

      

Exports. Decreased 
exports of commodities 
(collapse of commodity 

prices) 
  Gross output 

sales 

COMM 
Interim. No 

extraction, no fishing, 
less manufacturing 

    
Private consumption. No 
change on consumption 

attitudes. Energy intensive 
      Absorption 

FACT VA. Very high 
unemployment rates             Factor 

income 

HHLD     

Income 
allocation. 

Significantly lower 
wages 

  Transfers. Less 
social benefits.      Household 

income 

GOV Indirect taxes. Same 
tax as 2035 Tariffs. Free trade   Direct taxes. Same tax as 

2035       GOV revenue 

ROW   Imports. More imports of 
commodities           

Foreign 
exchange 
savings 

CAP 
ACC       Private savings. 

Significantly less savings 
GOV savings. 

Significantly less 
GOV savings 

Foreign savings. Low 
proportion of foreign 

ownership 
  Total savings 

TOTAL Total input 
expenditure Value of supply of goods Factor income 

to household Household outlays GOV outlays Foreign exchange 
earnings 

Total 
INV   
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No. 8 Wire, 2050 
Table 46: High level economic assumptions, No. 8 Wire, 2050 

 Payments  

Receipts ACT COMM FACT HHLD GOV ROW CAP 
ACC TOTAL 

ACT   

Domestic sales. Less outputs. 
Some improvements on energy 
and water usage. Subsistence 

agriculture and forestry. 
      

Exports. Significantly 
less exports of 

commodities (collapse of 
commodity prices) 

  Gross output 
sales 

COMM 
Interim. No 

extraction, no fishing, 
less manufacturing 

    

Private consumption. 
Change in consumption 
attitudes. Less energy 

intensive  
      Absorption 

FACT VA. High 
unemployment rates             Factor 

income 

HHLD     

Income 
allocation. 

Significantly lower 
wages 

  
Transfers. 
Less social 

benefits  
    Household 

income 

GOV Indirect taxes. 
Slightly more taxes Tariffs. Free trade   Direct taxes. Slightly more 

taxes       GOV revenue 

ROW   Imports. Less imports of 
commodities and manufacturing           

Foreign 
exchange 
savings 

CAP 
ACC       Private savings. 

Significantly less savings 
GOV savings. 

Less GOV 
savings 

Foreign savings. Low 
proportion of foreign 

ownership 
  Total savings 

TOTAL Total input 
expenditure Value of supply of goods Factor income 

to household Household outlays GOV outlays Foreign exchange 
earnings 

Total 
INV   

 


