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Abstract – Conventional measures aimed at tackling the energy and waste issues of island 
communities focus on technological solutions, such as the introduction of renewable energy 
sources. There exists a history of technology implementations on small islands that have 
failed because of a lack of continuing skills and financial resources needed for ongoing 
operation and maintenance. Despite these experiences, what has received little attention so far 
are measures aimed at achieving island-friendly solutions by reducing their material 
metabolism, for example by recycling and re-use. The two case studies presented in this work 
show that conservation, efficiency and reductions of the overall material metabolism of 
economic activity can be as effective as purely technologically-driven changes. Both case 
studies demonstrate exceptional sustainability performance in terms of material flow, and 
greenhouse gas emissions. The income growth scenarios show that – from a sustainability 
point of view – increasing tourist yield rather than tourist numbers is preferable for coping 
with price hikes and a finite resource base, and is also more likely to keep within bounds the 
strain on the island’s people and infrastructure. 
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Fig. 16: Per-capita annual income in constant 2006 prices (derived from data in Mathews 

various years, and RPI-adjusted20) and Retail Price Index on Norfolk Island. Pre-1990 
RPIs were extrapolated, since only post-1990 RPIs were available from the Norfolk 
Island Administration. 

 
 

3.4.1 Static analysis of direct and indirect greenhouse gas emissions 

 
Assuming for the sake of simplicity that all imports are sourced from Australia, and that all 
imports are used only by residents, a TBL analysis of $27 million of imports onto Norfolk 
Island (data from Buffett 2007) shows that greenhouse gas emissions caused on the island 
plus greenhouse gas emissions embodied in imports amount to about 25,000 tonnes CO2-e, or 
about 14 tonnes CO2-e per resident (Tab. 5). This compares favourably with the Australian 
average of about 25 tonnes CO2-e per capita (Turton 2004). The per-resident figure is 
probably even too high, because tourists do consume a part of the goods shipped onto the 
island (for example petrol when renting a car). 
 
In comparison, the 28,724 arrivals in 2006 required an air transport task of about 115 million 
passenger-kilometres21, which caused about 30,000 tonnes of greenhouse gas emissions, or 
about 1 tonne per average return trip (Lenzen 1999).  

                                                 
20 This work does not follow note 20 in Stephens 2006, which asserts that the part of the population that did not 
state any income can be estimated from aggregate figures on GDP and capital depreciation, and that this part 
(10-15%) “may account for up to 75% of total income”. This is because the figure of $113 million given by 
Stephens 2006 is not GDP, but GNT (Gross National Turnover). GDP is the sum of wages, salaries, profits, and 
taxes and levies. In 2004-05, wages, salaries, and profits were approximately $31 million (Australian Bureau of 
Statistics 2006), whilst in 2005-06 the Island Administration recorded about $25 million (Administration of 
Norfolk Island 2007), which together explains the order of magnitude of income recorded in the 2006 census 
($40 million, stated by 81% of the population). 
21 Assuming an average one-way trip length across all journey origins of 2,000 km. 
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Rank Commodity Greenhouse gas 

emissions
1 Norfolk Island (direct component) 18,820 t CO2-e

2 Shipping 2,250 t CO2-e

3 Meat products 440 t CO2-e

4 Food products 290 t CO2-e

5 Wholesale trade 262 t CO2-e

6 Fabricated metal products 234 t CO2-e

7 Kerosene 208 t CO2-e

8 Petrol and diesel 170 t CO2-e

9 Clothing 99.4 t CO2-e

10 Wool fabrics 87 t CO2-e

11 Household electrical applicances repair and service 85.4 t CO2-e

12 Printing and stationery 82.6 t CO2-e

13 Plastic products 76.8 t CO2-e

14 Tobacco 63.2 t CO2-e

15 Spirits 63 t CO2-e

Total (direct and embodied in imports) 25,464 t CO2-e

Per-resident 14.1 t CO2-e  
 
Tab. 5: Direct (on-island) and indirect (embodied) greenhouse gas emissions for Norfolk 

Island (BL3 output).  
 

3.4.2 Trend and scenario analyses of energy and greenhouse gas emissions  

 
A purely visual examination of the trends of total population (Fig. 1), per-capita income (Fig. 
16), and electricity generated (Fig. 15) shows some similarities in that these curves increase 
between 1980 and 1990, decrease or stagnate up to 1996, then increase up to 2001, and 
decrease again up to 2006. In the following I attempt to explain total fuel use (in tonnes, Fig. 
15) as a result of population growth, affluence growth (income/capita) and fuel efficiency. 
The latter is approximated by the ratio of fuel imports and economic income. I carry out a 
Structural Decomposition Analysis (SDA) of the trends22, using the well known IPAT 
decomposition, meaning Impact = Population × Affluence × Technology.  
 
Between 1981 and 2006, annual fuel imports (Impact) increased by 1244 tonnes per year (Fig 
15). Population trends alone would have caused an increase of 710 tonnes over the same 
period, while Affluence alone would have been responsible for 840 tonnes. Technological 
improvements alone would have led to a reduction of 300 tonnes.  
 
It is interesting to examine two scenarios that would increase Norfolk resident’s annual 
income by A$1,000 per capita. The first scenario (I) is an increase in tourist numbers by 
1,900 arrivals or 13,200 tourist-days, which at the current and constant spending of A$135 
per tourist-day, would yield about A$1.8 million annually, or $1,000 per resident. The second 
(II) is an increase in tourist yield to achieve A$145 per tourist day. At currently about 
200,000 tourist-days per year, this measure would also yield an additional income of $1,000 
per resident.  
 

                                                 
22 For further details on this technique see Lenzen 2006 and references therein. In this work I have applied the 
Marshall-Edgeworth decomposition formula. 
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Using SDA, and assuming that the island’s energy-using technology (power supply, vehicles 
etc) will not change, an analysis of these scenarios shows that  

– an increase in tourist numbers of 13,200 bed-nights (about 1,900 arrivals assuming an 
average stay of 7.7 days) would require the importation of an additional 75 tonnes of 
petroleum products, costing in excess of A$75,000, and leading to about 170 tonnes 
of additional greenhouse gas emissions caused by the combustion of fuels on the 
island, and an additional 22 tonnes emitted because of additional shipping (Lenzen 
1999); 

– an increase of A$1,000 in residents’ annual per-capita income through higher tourist 
yields, would necessitate an additional 135 tonnes of petroleum products, costing in 
excess of A$130,000, and causing an additional 300 tonnes of greenhouse gas 
emissions. 

These results hold independently of which sub-period within the entire period between 1981 
and 2006 is appraised. 
 
The above results refer to fuels brought onto the island. Indirect effects of the two scenarios, 
that is energy required and emissions caused elsewhere, are markedly different. For example, 
the majority of jet fuel for passenger air transport to Norfolk Island is taken up at the various 
journey origins. 1,900 additional arrivals yielding 13,200 additional bed-nights would require 
an additional air passenger transport task of 7.6 million passenger-kilometers, requiring about 
24,000 GJ of jet fuel, causing about 1,900 tonnes of greenhouse gases. This indirect effect is 
10 times higher than the direct effect occurring on the island. 
 
In addition, an increase in income through increased tourist yield would lead to Norfolk 
Islanders buying more (the so-called rebound effect). Assuming that islanders would spend 
the entire additional A$1,000 of purchasing power on imports from Australia or New 
Zealand, this would lead to more energy use and greenhouse gas emissions in these countries. 
Assuming once again that all imports are sourced from Australia, a TBL analysis of $27 
million of imports onto Norfolk shows that a homogeneous increase of the imported 
commodity basket by A$1,000 would cause an additional 300 tonnes of greenhouse gases to 
be emitted. This increase affects both scenarios I and II. 
 
 

Scenarios Direct (island effect) Indirect effects 
(air travel and imports) 

Total effect 

I: Increase in tourist numbers 190 1900 + 300 2390 
II: Increase in tourist yield 300 300 600 

 
Tab. 6: Effect on greenhouse gas emissions of two alternative scenarios leading to an increase 

in income of A$1,000 per resident. Figures in tonnes CO2-e. 
 
 
Summarising, increasing tourist numbers instead of yield causes four times higher 
greenhouse gas emissions, for the same effect on resident income (Tab. 6). In short, this is 
essentially because flying tourists emits more than shipping goods. 
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4 Discussion  

4.1 Comparison with other island destinations 

 
In order to put the findings from the previous section into perspective, it is necessary to 
compare Norfolk Island with other small-island tourist destinations around the world. 
McElroy 2006 provides a sample of 36 destinations, amongst which Norfolk Island is neither 
the smallest nor the most proximate to major population centres. It is interesting to see that 
(Tab. 7) 

– Norfolk Island has a comparatively low population density; 
– in terms of the numbers of tourist on the island at any on time per resident23, Norfolk 

Island ranks 2nd amongst 37 island destinations; 
– in terms of the numbers of annual tourist arrivals per resident, Norfolk Island (16 per 

resident) ranks 1st amongst 37 island destinations; 
– in terms of overall tourist income per resident, Norfolk Island (US$12,500 per 

resident) ranks 7th amongst 37 island destinations; but 
– in terms of tourist spending per day, Norfolk Island (US$102) ranks only 23rd 

amongst 37 island destinations. 
 
The average period of stay (7.7 days on Norfolk) is higher than the average across the 37 
destinations (5.9 days). Thus, in comparison, Norfolk Island achieves its high tourist income 
per resident through sheer arrival and bed-night numbers, which are almost unprecedented 
amongst island destinations. However those tourists spend below-average amounts of money 
on the island. This result is due to the age distribution of tourists to Norfolk which is heavily 
skewed towards the 60+ groups (Mathews various years). One can hence conclude that in 
terms of tourist load, Norfolk’s people and infrastructure are relatively strained. 
 
Considering the quite unfavourable development of the Retail Price Index and per-capita 
income in recent years (Fig. 16), an obvious strategy for boasting overall tourist income is to 
increase arrivals and/or tourist-day numbers. As indicated in the previous Section, from a 
sustainability perspective, this strategy could have adverse impacts on the local social, 
ecological, and resource environment. Take for example the precedent of Australian grazing 
industries: Faced with slumping world market prices for primary agricultural commodities 
and eroding earnings, producers simply increased production volumes, which only led to 
excessive land clearing and loss of biodiversity. Without any long-term structural adjustment 
such as re-directing production towards more value-adding, such reactions create an 
environmental–economic dilemma through increasing dependency on degrading production 
and further erosion of environmental quality (Daniels 1992). Daly 1993 has termed this 
strategic trap the “ecological race to the bottom”: Short-term solutions lead to long-term 
damage and cost. 
 
Given that Norfolk Islanders – in comparison – are already one of the most strained island 
communities, plans for further increases in tourist numbers should be accompanied by 
thorough social, environmental and resource assessments. Many Caribbean destinations in 
proximity to the United States earn in excess of US$150 per tourist-day at considerably lower 

                                                 
23 Norfolk’s ratio of tourists-to-residents is 34%, which is 0.34 tourists per resident are on the island at any on 
time, that is residents outnumber tourists only 3:1. 
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tourist and arrival numbers. These islands may serve as useful case studies for strategies 
showing how to increase the quality rather than the quantity of tourism. 
 
 

 Population 
density 
(km-2) 

Tourist/resident 
population 

Income 
/resident 
(US$) 

Income 
/tourist-

day (US$)  

Annual 
arrivals 
/resident 

Norfolk Island 51.4 34%  12,500   102  16.0 
Anguilla 131.9 9%  5,083   150  4.0 
Antigua 152.3 7%  4,060   164  3.5 
Aruba 362.7 22%  12,714   161  9.9 
Bahrain 1040.3 2%  977   115  4.3 
Barbados 639.5 5%  2,498   133  1.8 
Bermuda 1280.0 8%  5,484   197  4.3 
Bonaire 38.6 11%  6,250   156  4.2 
UK Virgins Islands 140.0 38%  16,048   115  14.1 
Cape Verde 100.5 1%  96   48  0.3 
Cayman Islands 138.5 17%  16,250   269  9.3 
Comoros 274.7 0.1%  25   112  0.0 
Cook Islands 87.5 11%  1,810   46  3.6 
Curacao 270.2 3%  1,721   145  1.4 
Dominica 94.7 3%  662   60  1.0 
Grenada 261.8 3%  708   71  1.4 
Guadeloupe 252.6 2%  858   132  1.2 
Guam 292.1 6%  12,918   586  7.3 
Kiribati 131.1 0.1%  34   91  0.1 
Maldives 1036.7 3%  1,064   84  1.5 
Malta 1234.4 8%  1,466   52  3.0 
Marshall Islands 392.3 0.1%  59   139  0.1 
Martinique 391.5 4%  590   40  1.1 
Montserrat 80.0 3%  1,125   90  1.3 
Mariana Islands 157.2 6%  7,507   357  5.8 
Polynésie Française 69.4 3%  1,551   158  0.8 
Réunion 293.2 3%  333   36  0.6 
St.Kitts 145.0 5%  1,590   95  1.9 
St.Lucia 259.0 4%  1,753   107  1.7 
St.Maarten 878.0 15%  13,694   245  11.2 
St.Vincent 341.2 2%  690   106  0.6 
Samoa 62.8 1%  218   58  0.5 
Seychelles 175.8 5%  1,413   84  1.6 
Tonga 144.8 1%  67   15  0.3 
Turks&Caicos Is. 41.9 19%  17,278   245  9.2 
Tuvalu 423.1 0.2%  118   143  0.1 
US Virgin Islands 349.6 6%  9,803   449  4.9 

 
Tab. 7: Comparison of key indicators for island destinations (derived from data in McElroy 

2006, except for Norfolk Island). 
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4.2 TBL-labeling of products 

 
One strategy of branding a destination as “high-quality” is through sustainability certification. 
The methodology and findings reported here may serve as a basis for creating a rating or 
labeling system across the Triple Bottom Line, which would prominently feature locally 
relevant indicators.  
 
In order to be effective, labels must not include too much information, since consumers 
usually do not spend much time on reading labels while shopping. Even the benchmark 
spider diagram is too complex to be understood by a lay consumer in a few seconds. Hence, 
the scores on different indicators have to be aggregated somehow. This poses a problem since 
the quantities relating to different aspects of the Triple Bottom Line are completely 
uncommensurable, or in simple terms, “one cannot easily add apples and pears”.  
 
Rating is a traditional application in the discipline of Multi-Criteria Decision Analysis 
(MCDA), and much research has been dedicated to the aggregation problem. Decision 
outcomes using MCDA are strongly influenced by, amongst other factors 

– the functional form of the aggregate (for example arithmetic or geometric means), 
– the normalisation of the raw data (for example via ratios or via scaling into a [0,1] 

interval), 
– the weighting of the different indicators in the average, and 
– the choice of indicators to be considered. 

 
Apply for example a geometric mean formula24 to the ratios used in the spider diagrams 
(Figs. 4 and 9), and weight every indicator equally. One could the argue for excluding 
intermediate uses from the indicator list because – whilst meaningful on the Australian 
mainland as an indicator for economic stimulus – it is not meaningful for an island setting 
because less intermediate uses mean greater autonomy, which for an island mean less 
dependence on expensive imports. In the case of Norfolk Island one could further argue for 
the exclusion of government revenue as a business indicator, because of the substantial 
differences between the Australian and Norfolk taxation systems, over which a Norfolk 
business has no influence. Finally, many businesses are run mainly by self-employed people 
with few staff on wages and salaries, so that the family income indicator could be excluded 
unless self-employed income is imputed. Thus successively excluding certain indicators 
changes the star rating of both the soft drink factory and the pig farm (Tab. 8). 
 
 

 All Excluding Excluding Excluding 
 indicators Intermediate uses Government revenue Family income 

Soft drink factory 3.34 3.70 3.91 3.90 
Pig farm 2.93 3.47 3.98 4.08 

 
Tab. 8: Aggregated scores of soft drink factory and pig farm under various indicator suites. 

 

                                                 
24 The geometric mean of n numbers x1, x2, …, xn is calculated as n nxxx ...21

. A rating between 0 and 5 (a “star 

rating”) can be generated by calculating Max{0 , 5 – 2.5 × n
nxxx ...21
}. 
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Considering all indicators, the soft drink factory and pig farm would be 3½� and 3� 
businesses, respectively. Excluding the indicator ‘intermediate use’ from the analysis (on 
which both businesses score below average) would increase the pig farm’s score to 3½�. 
Excluding the indicator ‘government revenue’ from the analysis (once again, on which both 
businesses score below average) would increase both scores to 4�. Finally excluding ‘family 
income’ would not change any score. 
 
Thus, in principle, any business could find reasons to argue for certain indicators to be 
excluded from the analysis, and increase their score. In order to prevent such strategic 
behaviour (a term used in MCDA), a superior decision-making body could fix a set of 
indicator weights which ideally would reflect the priorities of the community. Say, for 
example, that Norfolk Island considered energy use, material flow and employment to be the 
most important indicators, and intermediate use, family income and government revenue (for 
the above reasons) the least important. Under indicator weights as in Tab. 9, the soft drink 
factory would score 3.77 (4�) and the pig farm 3.6 (3.5�). 

 
 

Indicator Weight 

Material flow 15% 
Energy consumption 15% 
Greenhouse gas emissions 10% 
Water use 10% 
Land disturbance 10% 
Family income 5% 
Employment 15% 
Government revenue 5% 
Gross operating surplus 10% 
Total intermediate uses 5% 

 
Tab. 9: Example indicator weights. Note that all weights add up to 100%. 

 
 
In principle, as long as the community arrives at an agreed priority setting in a participatory 
way, and the rationale behind the weighting is made transparent, the resulting TBL star-rating 
scheme is meaningful for its purposes. 
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5 Conclusions 

 
Conventional measures aimed at tackling the energy and waste issues of island communities 
focus on technological solutions, such as the introduction of renewable energy sources. There 
exists a history of technology implementations on small islands that have failed because of a 
lack of continuing skills and financial resources needed for ongoing operation and 
maintenance. Despite these experiences, what has received little attention so far are measures 
aimed at achieving island-friendly solutions by reducing their material metabolism, for 
example by recycling and re-use. The two case studies presented in this work have shown 
that vision and creativity can work wonders in achieving “more with less”. Both case studies 
demonstrate exceptional sustainability performance in terms of material flow, and greenhouse 
gas emissions. Furthermore, the whole-of-island analysis demonstrates that – from a 
sustainability point of view – increasing tourist yield rather than tourist numbers is a 
preferred strategy for coping with price hikes and limited resource base. 
 
In many ways, an island is a micro-cosmos resembling the entire planet: It drastically 
conveys the inescapable reality of a limited world. Technology can distract from this reality 
by creating the illusion of boundless capacity for energy use and waste disposal. Similarly, 
growth optimism can distract by creating the illusion of boundless potential for income and 
affluence. These illusions will always be temporary: The literature abounds with examples of 
communities where 

– new cost- and energy-saving devices have led to money soon spent elsewhere, often 
more unsustainably; 

– improvements in the fuel economy of cars and expansions of road networks have 
virtually always been overridden by rapidly increasing mobility; 

– new waste disposal facilities have only led to higher waste volumes; 
– growing income streams (for example from more tourists) have not created happy 

people.  
What these measures have in common is that they have provided temporary relief (from 
financial strain, traffic congestion, waste issues, unhappiness), leading first to a feeling of 
renewed freedom (to spend, drive and waste), only to be soon outpaced by  

– higher lifestyle expectations leading to the old financial strain,  
– higher mobility leading to the old traffic jams, and 
– quickly overwhelmed waste facilities leading to the old waste issues.  

The “solutions” were short-term, whereas the long-term, real issues and challenges were 
ignored, and as a consequence the old problems rebounded. On islands, these rebounds are 
likely to be more severe, because in contrast to continental communities, islands can neither 
draw on the space nor on the natural resources needed to sustain unrelenting growth. 
 
Attempting to reduce the material metabolism of an island community has at least one critical 
advantage over such short-term solutions: It reveals to the decision-maker the real magnitude 
of resource needs and constraints of an island setting, instead of giving the impression that – 
with the “right” technology and “healthy” growth – consumption and affluence can be 
limitless. Attempting to reverse the escalator of aspirations that is forever outrunning 
unhappiness holds the promise of lives that allow fulfillment. In a future of depleted 
resources, climate change and sea level rise, island communities will sooner or later focus 
their attention on these real issues: to understand, and live within the limits posed by their 
finite paradises. 
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