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ABSTRACT 
 

The production and processing of primary products is the basis of the New 
Zealand economy and has been for the last 150 years. Over time the food and 
fibre industries that have contributed to our economic welfare have had a 
significant ecological impact. The dependence of New Zealand’s economic and 
social well-being on these industries means there is a need to find ways in which 
these industries can operate sustainably. 

Sustainable outcomes require an understanding of both the physical demands our 
economy places on the natural resources of the nation and the extent to which 
these demands can be changed. Resource appropriation and eco-efficiency 
measures are ways environmental impact can be estimated. This paper reports the 
methodology and preliminary findings from the first phase of the Ecological 
Footprint Plus programme. This programme will construct a physical input–output 
table (PIOT) for New Zealand to enable the development of a comprehensive 
understanding of the direct and indirect impacts of the food and fibre sector. Data 
are input at a detailed and disaggregated level for the key primary sectors and at a 
more aggregated level for the other sectors of the economy.  

The Ecological Footprint Plus programme aims both to measure throughputs and 
to provide the catalyst necessary for the changes required to ensure the sustainable 
production of New Zealand’s primary output. 

Preliminary analyses for the Forestry and Logging and Sheep and Beef Farming 
sectors are given for use of water, land, and energy as well as emissions of carbon 
dioxide. 
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Introduction 

The need to align global biocapacity more closely with the demands placed on it by an 
increasing world population – with increasingly higher expectations – has led to the 
development of a number of analytical tools. These include Ecological Footprinting and 
Material Flow Analysis. These methodologies focus attention on the need to be able to 
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compare industries not just in economic terms but also in ecological terms, quantifying the 
use of natural capital and the generation of wastes. As natural capital becomes scarce, 
degradation of the environment has associated with it defensive expenditure that in the long 
term may well out-strip short-term economic gains. 

This paper reports progress of the Ecological Footprint Plus research programme. This 
programme is being undertaken to determine resource use and waste output by the food and 
fibre industries in New Zealand. The production and processing of primary products have 
been the foundation of the New Zealand economy for at least 150 years (Cross, 1990). Over 
this period the food and fibre industries (which include sheep, beef and grain farming, dairy 
farming, and forestry as well as the processing of the products produced by these activities) 
have made a substantial contribution to the country’s economic welfare, and this is expected 
to continue in the future (MAF, 2003). In the year ended March 1998, the sectors covered by 
this project contributed 10% of New Zealand’s GDP and 42% of its export earnings. 
However, this has had an associated environmental cost. Some of the major environmental 
concerns in New Zealand – to which the food and fibre sectors have contributed – are erosion, 
loss of soil fertility, water pollution, loss of biodiversity, and increased use of non-renewable 
fossil fuels (PCE, 2005, p21). This environmental damage is of concern not just for the 
farming and forestry industries but also for New Zealand overall. Degradation of the 
environment has an impact on the health and well-being of New Zealanders. In addition such 
degradation may ultimately have an economic impact because the country’s main exports are 
primary-based products, and long-term market access may be affected. According to the 
Ministry of Agriculture and Forestry, the food and fibre sectors in New Zealand “compete not 
only on the basis of a product but also how it was produced, and so factors such as 
environmental sustainability, animal welfare and product traceability will be increasingly 
important to maintain market access” (MAF, 2003, p. 1). 

The extent of the environmental impact of the food and fibre industries is difficult to quantify. 
Ecological Footprint calculations of New Zealand as a whole by McDonald and Patterson 
(2003) indicate that New Zealand is one of only three developed countries living within its 
ecological carrying capacity (alongside Canada and Australia). While New Zealand may have 
this distinction, the demands of resource supply and waste absorption placed on nature by the 
food and fibre industries in New Zealand are high. In another study, New Zealand ranks with 
Sweden and Finland as having one of the highest per capita footprints (in global hectares) 
from the food and fibre sectors (Wackernagel et al., 2005b). 

Achieving sustainable outcomes requires an understanding of both the physical demands our 
economy places on the natural resources of the nation and the extent to which these demands 
can be managed and changed. Resource appropriation estimated by material flows, and eco-
efficiency measures such as resource-use per dollar of output are ways environmental impact 
can be quantified. The Ecological Footprint Plus programme aims to measure both direct and 
indirect resource use and pollutant generation for the food and fibre sectors of New Zealand. 
As so much of New Zealand’s economic activity centres on value chains derived from land-
based activity, understanding material flows, depletion rates, and pollutant generation is a step 
towards ensuring the sustainable production of New Zealand’s primary output. 

Quantifying the resource use and residual generation that take place in the food and fibre 
industries provides an understanding of the material flows within the New Zealand economy, 
and provides an opportunity to check assumptions on the impacts of economic activities. In 
their report on resource flows in Northern Ireland, ARENA Network state, “Modelling and 
measurement provide evidence on where within our economies the major impacts are and this 
allows us to develop policies based on this evidence, and consequently, to manage the step 
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changes required to progress towards a more sustainable society” (ARENA Network, 2004, 
p11). 

In the first phase of the Ecological Footprint Plus programme, material flows in the New 
Zealand food and fibre sectors have been quantified for the use of water, land, and energy and 
for carbon dioxide (CO2) emissions. In the second phase of the project, the set of resources 
input and wastes output will be expanded to include agricultural greenhouse gases, water and 
air pollution, and solid waste.  

The detailed physical data collected in this project will be inserted into a physical input–
output table that is also being constructed under this programme. For sectors where data are 
collected at the industry level it will be possible to make comparisons between best practice or 
industry average and the performance of different companies or plants. Comparisons can also 
be made between different sectors within the food and fibre industries to determine which 
sector has the lowest overall impact. 

A further aim of the research is to communicate the sustainability message to industry. This is 
being achieved through engagement with end users and companies as part of data collection, 
and by assessing the human drivers within organisational structures and how change can be 
effected within organisations. 

The following sections of this paper outline the methodology used, the first phase of analysis 
and results, some discussion of key results, and the conclusions drawn so far. 

Methodology 

Input–output analysis, developed by Wassily Leontief during the 1930s and ’40s, provides a 
comprehensive snapshot of the structure of inter-industry linkages in an economy (Leontief, 
1986). Although input–output tables are usually presented in monetary terms, authors such as 
Daly (1968), Isard et al. (1968), Ayres and Kneese (1969), Leontief (1970), and Victor (1972) 
demonstrated that biophysical information on resource use and residual generation may also 
be considered in an input–output framework. More recently, authors such as Bicknell et al. 
(1998), Ferng (2001), and McDonald and Patterson (2004) have shown how Ecological 
Footprints – established by Rees and Wackernagel (e.g., Rees, 1992; Wackernagel et al., 
2005a) – can be generated via input–output analysis. While the Ecological Footprint is useful 
at a high level to create awareness and as an overall measure of sustainability, if the food and 
fibre sectors are to become more sustainable they need more than just one number; they also 
need the details of their total environmental impact and the reasons for it. Such additional 
information enables industry to focus efforts towards sustainability. Our research therefore 
provides a broad range of resource and residual eco-efficiencies in their commonly measured 
units. 

We have used the standard methodology of environmentally extended input–output analysis 
(see, for example, Hite and Laurent (1971)). The two essential elements of this approach are 
the Leontief Inverse matrix calculated from the monetary input–output table (MIOT), and the 
Resource Accounts matrix showing the flow of resource inputs and residual outputs between 
the environment and economy. The Leontief Inverse matrix captures the infinite regression of 
transactions between sectors of the economy, thereby uncovering the direct and indirect 
linkages. For succinct reviews of the methodology, see, for example, Duchin and Steenge 
(1999) and Forssell and Polenske (1998). 
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Contribution analysis 

Once the direct and indirect environmental impacts are calculated, analyses of sectoral 
contribution to total impact can be performed by Contribution Analysis, the mathematical 
details of which are given in Appendix 1. The mechanics of contribution analysis are similar 
to Structural Path Analysis, used by Treloar (1997) and Lenzen (2002) as “a guide to be 
employed for the design of a data collection and boundary selection strategy for inventories in 
hybrid LCAs” (Lenzen, 2002, p. 546). However, the intent in this work is as an aid to 
interpretation of results, rather than as an aid to design of the methodology. 

Figure 1, representing a simple hypothetical economy, can be used to explain contribution 
analysis. Two types of contribution are specified: ultimate contribution and immediate 
contribution. 

32

21

15

12

9

6

432

Sector A

57

Sector B

32

Sector C

15

(direct)10

Sector D

21

Sector E
9

Sector F
12

Sector G

6

Sector G

4

Sector F

3

Sector H

2

(direct)2

(direct)3

(direct)12

(direct)6

(direct)3

(direct)4

(direct)2

(direct)15

 

Figure 1: Inter-sectoral resource appropriation in a simple hypothetical economy depicted in a Sankey diagram 

� The Immediate Contribution for a sector identifies the appropriation of resources by that 
sector from other sectors as a result of purchases. In other words, it answers the question 
“How much did Sector A indirectly appropriate  because of its purchases of goods and 
services from Sector B and Sector C?” 

As an example, let us assume the resource depicted through the flows in Figure 1 is land 
measured in hectares. Sector A, therefore, uses (occupies) 10 ha of land itself (i.e. directly), 
and indirectly appropriates an additional 32 ha through its purchase of goods and services 
from Sector B and a further 15 ha from Sector C, making a total of 57 ha of land.  

Sectors B and C are part of a chain of interactions that take place as a result of purchases by 
Sector A. They can therefore be termed “immediate contributors” to Sector A’s total land-use 
appropriation. As can be seen from Figure 1, the purchases from Sector B embody land used 
by other sectors in the economy. In this example these are Sectors D, E, F, G, and H. In this 
simplified example, Sector C makes no purchases from other sectors. 

� The Ultimate Contribution identifies which sectors ultimately transferred the resources 
between the environment and the economy. The ultimate contribution helps answer the 
question: “Which sectors were the major resource users or pollutant generators that make a 
significant contribution to how much Sector A has appropriated?” 

Sectors identified as ultimate contributors do not necessarily supply Sector A with goods and 
services, as they may be (and often are) further back in the transaction chain. 
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To illustrate this, in Figure 1 it can be seen that Sector F supplies goods or services that 
require the use of land to Sector A via two paths. Sector F is ultimately responsible for 15 ha 
of Sector A’s total land-use appropriation – 12 ha passed on via Sector D and 3 ha via Sector 
E. However, Sector A does not directly purchase anything from Sector F. This total of 15 ha 
can be termed the “ultimate contribution” of Sector F to Sector A’s total appropriation. 

The immediate and ultimate contributions are two different ways of analysing the sources of 
appropriated environmental effects. This information provides a means for the food and fibre 
industries to quantify the direct and indirect resource use and residual emissions that result 
from their activities. 

Assumptions of input–output analysis 

Input–output analysis relies on several significant assumptions, which include homogeneity – 
that each sector produces a single product and that all output uses the same process and 
technology – and the exclusion of unpaid work. The significance of these assumptions and 
others is investigated in detail by Bicknell et al. (1998) and Lenzen (2001). 

Eco-efficiencies 

Eco-efficiency estimates have been calculated for use of land, water, and energy, and 
emissions of CO2. Eco-efficiencies are a measure of the efficiency of use of natural resources 
or the output of waste in the production of goods and services. They are expressed as resource 
use (e.g., hectares of land) or pollutants generated (e.g., tonnes of CO2) per million dollars of 
economic output. 

Phase One Analysis 

This paper reports on the first phase of the EF Plus project, covering the direct and indirect 
use by the food and fibre sectors of water, land, and energy, and the emission of carbon 
dioxide. 

Water use is defined here as the water directly abstracted by a sector from a lake, river, 
stream, bore, or other natural water source, measured in cubic metres (m3). Indirect water use 
is water appropriated by a sector as a result of the purchase of commodities from other 
sectors. For example, water used in the production of paper is an indirect contributor to the 
Dairy product manufacturing sector because milk powder is packaged in multi-wall bags 
produced by the Paper and paper product manufacturing sector. Indirect water use includes 
reticulated water, which is purchased from the Water supply sector and is, therefore, 
technically an indirect water supply because it passes through an intervening sector. As points 
of comparison, the average annual precipitation in New Zealand is about 400 billion m3 
(Woods and Henderson, 2003), Lake Taupo typically holds about 800 million m3 (Mighty 
River Power, n.d.), and the city of Christchurch uses about 50 million m3 of water annually 
(Christchurch City Council, n.d.). 

Land use is defined here as land area directly occupied by a sector, measured in hectares (ha). 
The amount of indirect land-use by sectors includes the land used to produce the goods and 
services that go into the different inputs of the production process. For example, land 
occupied by the Mining and Quarrying sector is embodied in goods produced by the Meat 
and meat product manufacturing sector. One reason for this is that transport services used by 
the Meat and meat product manufacturing sector require roads, which are constructed from 
metal produced by the Mining and Quarrying sector. The total land area of New Zealand is 
27.1 million ha, of which 8 million ha are in the conservation estate. 
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Energy use is defined here as total energy consumed, measured in Gigajoules (GJ). Indirect 
energy is the energy used by other sectors in the production of the commodities that are used 
as inputs. For example, the energy used to heat a building occupied by lawyers who provide 
services to a sector is included as an indirect energy use. The total amount of consumer 
energy used in New Zealand in the year ended March 1998 was approximately 424 million GJ 
(MED, 1999, p20), and 1 million GJ of electricity is enough to supply a city the size of 
Nelson (population about 54,000) for a year (EECA, 2002). 

Carbon dioxide emissions in this study are from energy use, industrial process emissions (e.g., 
cement production), and geothermal electricity generation. Indirect emissions include 
emissions produced in the production of goods purchased, for example, petroleum-based 
fertilisers used by the farming sectors. New Zealand’s greenhouse gas emissions in 1997 were 
equivalent to approximately 66 million tonnes of carbon dioxide, and Forestry was estimated 
to have sequestered about 17 million tonnes of CO2, offsetting about a quarter of those 
emissions (Ministry for the Environment, 2005). Emissions from other agricultural sources 
(enteric fermentation, excretion, and fertilisers) – equivalent to approximately 14 million 
tonnes of CO2 in 1997 (based on Hendy and Kerr, 2005) – have not been included in the 
analysis, but will be included in future. 

Data on energy use were used to calculate the carbon dioxide emissions. The CO2 emission 
factor used for electricity was the weighted mean of hydro (zero emission), thermal, and 
geothermal generation appropriate for the study year. A standardised set of emission factors 
(given in Table 1) will be used in the future to ensure consistency. 

Table 1: Emission factors used to calculate CO2 emissions from energy use 

Fuel type kgCO2/GJ 
Aviation Fuel 68.1 
Coal 91.7 
Diesel 69.5 
Electricity 33.0 
Fuel Oil 72.8 
LPG 60.4 
Natural Gas 52.4 
Petrol 66.6 

Source: New Zealand Energy Greenhouse Gas Emissions 1990–2004 (Ministry of Economic Development, 
2005) 

Data Collection and Preparation 

The project is a collaborative research effort involving a number of partners: Canesis Network 
Ltd., Forest Research Ltd. (Scion), Environmental and Scientific Research Ltd. (ESR), 
Massey University, Market Economics Ltd., and the New Zealand Centre for Ecological 
Economics. Data and analysis were initially for the year ended March 1998 at a national level. 

Environmentally extended input–output analysis (EIOA) requires two sets of data: a monetary 
input–output table (MIOT) and resource accounts. All base data were collated for 48 sectors 
of the economy (these sectors are summarised in Appendix 2). Market Economics supplied a 
New Zealand MIOT for the year ended March 1998, constructed by updating the most 
recently available MIOT (year ended March 1996) provided by Statistics New Zealand 
(Statistics New Zealand, 2001) using proprietary techniques. 

Resource accounts were created from a range of sources. Base data for sectoral water use, 
land use, and carbon dioxide emissions were taken from the draft PIOT constructed by Market 
Economics, data for which were in turn taken from the EcoLink database (McDonald and 
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Patterson, 1999). Energy-use data were taken from Jollands (2003), which in turn were 
derived from the EECA Database (EECA, 1997). 

Data collected by project partners for the food and fibre sectors were assumed to be superior 
to the base data sources, and were therefore inserted into the resource accounts in their place. 
Because data have been provided at a more detailed sectoral level than the base data, single 
sectors in the base MIOT and resource accounts have been replaced by multiple sectors. For 
example, the Livestock and Cropping Farming sector has been disaggregated into two sectors: 
Mixed Livestock and Cropping and Sheep and Beef Cattle Farming. 

Data for the Pine Forestry and Logging sector were collected by Forest Research (now Scion) 
by detailed survey (Gifford et al., 1998) and aggregated to the national level by Scion. The 
data provided by Scion covered the radiata pine estate only, allowing the creation of three 
disaggregated sectors: Pine Forestry, Pine Logging, and Services to Pine Forestry. Pine 
accounted for 90.5% of the commercial plantation estate in 1997/98 (NZFOA, 2001). 
Douglas-fir and other species made up the remaining 9.5% of the forestry estate, so another 
sector, ‘Other Forestry and Logging’, was created to allow for this. As no specific data were 
available for Other Forestry and Logging, at this stage, it was assumed for this study that 
economic inputs and outputs and ecological inputs and outputs were the same in proportion as 
those of radiata pine. Data provided by Scion for energy use excluded electricity used by 
offices, the significance of which has not yet been established. Scion calculated carbon 
dioxide emissions from energy use and provided these data directly. 

Data for the Livestock and Mixed Cropping sector were taken by Canesis from the annual 
survey of sheep and beef farms performed by the Meat and Wool Economic Service 
(MWESNZ, 1999), combined with expert knowledge of the industry. From the survey, data 
from Farm Class 8 (South Island Mixed Finishing) were assigned to Mixed Livestock and 
Cropping, and data from Farm Classes 1–7 were assigned to Sheep and Beef Cattle Farming. 
Energy use data were obtained from the Overseer® Nutrient Budgets model2. Carbon dioxide 
emissions for the Livestock and Cropping Farming sector were calculated from energy use 
using the emission factors in Table 1. Water-use data presented here exclude irrigation, which 
is a significant gap. Estimates for irrigation use by Livestock and Mixed Cropping will be 
made for future analyses. Based on information from industry, it was assumed that Grain 
Growing, Sheep Farming, and Beef Farming were negligible in New Zealand farming as 
stand-alone activities. Most farms combine these activities. 

Data for the Meat Processing sector are being collected by ESR by analysis of two processing 
plants. Data for the Wood Processing sector are being collected by Scion through several 
web-based surveys of the industry. Data for the Wool Processing sector are being collected by 
Canesis by survey of the industry. Data for the Dairy Farming and Dairy Processing sectors 
are being collected by Massey University from Fonterra and other sources. Preliminary results 
from the Dairy Farming industry are presented separately by Flemmer et al. (2005). 

Thus far, data from a more-detailed 123-sector MIOT provided by Market Economics have 
been used to help disaggregate the MIOT to accommodate the food and fibre sectors 
breakdowns. However, in future financial data directly from the project data collection will be 
used in preference to disaggregate the MIOT where possible.  

All data collected by the project partners are classified according to the Class level of the 
ANZSIC96 classification scheme (Statistics New Zealand, 2004). Figure 2 shows how the 
data collected by the project partners have been incorporated. 

                                                 
2 Available at http://www.agresearch.co.nz/overseerweb/. 
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Figure 2: Sectoral structure highlighting the agricultural sectors for which data are being collected in this project 

Results 

Data collected by the partner organisations have been incorporated into the MIOT and 
resource accounts. Using EIOA, the ultimate and immediate contributors to each food and 
fibre sector have been calculated along with eco-efficiency multipliers. This section outlines 
the results available to date from the first phase of the research programme. Results from two 
sectors are presented: Forestry and Logging and Mixed Livestock and Cropping. Further 
results are available from the corresponding author. 

Forestry and Logging 

The combined results for the Forestry and Logging sector are shown in Figures 3 (ultimate 
contributions) and 4 (immediate contributions). 

As can be seen from these figures, Forestry and Logging used a relatively small amount of 
extracted water directly (289,000 m3), mostly for its nursery operations. The sector also relies 
heavily on rainfall for the growth of forests, but that use is not quantified here. 

The sector indirectly appropriated over 3 million m3 of extracted water via purchases of 
commodities from other sectors, bringing its total appropriation to about 3.9 million m3. The 
sector’s total water multiplier was 1,636 m3/$m, which is relatively low (37th of all 48 
sectors; see Appendix 2). 

Figure 3 shows that most of the indirectly appropriated extracted water is ultimately derived 
from the Mining and Quarrying (26%), Horticulture (20%), and Oil and Gas extraction 
(20%) sectors. These three sectors all have high water multipliers (see Appendix 2), which 
means they extract large amounts of water in proportion to the dollar value of their output. 

Figure 4 shows the sectors immediately contributing large amounts of water to the Forestry 
and Logging sector. Most of the water indirectly appropriated by the Forestry and Logging 
sector was a result of purchases from the Horticulture (19%), Petroleum and Chemical mfg 
(17%), Services to Agriculture (10%), Road Transport (7%), and Wholesale Trade (7%) 
sectors. 

Class 

A – Agriculture, Forestry 

and Fishing Division 

Subdivision 

Group 

Mixed Livestock and 
Cropping 

Sheep and Beef 
Cattle Farming 

EF+ 

A012 
Grain, Sheep and Beef 

Cattle Farming 

Dairy Cattle 
Farming 

A0123 Sheep-
Beef Cattle 

Farming 

A0122 
Grain-Sheep and Grain-
Beef Cattle Farming 

A0124 
Sheep 

 Farming 

A0125 
Beef 

 Farming 
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Grain 

Growing 
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Dairy Cattle 

Farming 
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Forestry 
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Logging 

A0303 
Services to 

Forestry 
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Dairy Cattle Farming 
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Forestry and 
Logging 
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Forestry and 
Logging 

Pine Forestry Pine Logging Services to Pine 
Forestry 

Other Forestry 
and Logging 

A01 
Agriculture 

A02 
Services to Agriculture; 
Hunting and Trapping 

A04 
Commercial 
Fishing 



Andrew, R., Forgie, V., Nielsen, P., Hodgson, C., Reid, T., and McDonald, G. 

 

9 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Water Land Energy CO2

Direct

Horticulture and fruit growing

Mining and Quarrying

Road transport

Oil and gas exploration and extraction

Wholesale trade

Others

3,915,195 m3 1,826,108 ha 8,524,099 GJ 607,226 t

 
Figure 3: Ultimate contributions to the total environmental impact of Forestry and Logging 
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Figure 4: Immediate contributions to the total environmental impact of Forestry and Logging 

 
As would be expected, the Forestry and Logging sector directly used a large area of land for 
its operations (over 5% of the total area of New Zealand), compared with the very little 
additional land use appropriated indirectly from other sources (Figures 3 and 4). 

The Forestry and Logging sector used about 27% of its total appropriation of energy directly, 
primarily in the operation of machinery and equipment by the Services to Forestry sector. In 
addition, a large amount of energy-use, and therefore carbon dioxide emission, was 
appropriated indirectly from the Road Transport sector. Road Transport accounted for over 
50% of the total indirect energy-use appropriation and carbon dioxide emission generation. 

Livestock and Mixed Cropping 

The combined results for the Livestock and Mixed Cropping sector are shown in Figures 5 
and 6. 

Even with irrigation not yet included in the data, the sector used a very large amount of 
extracted water to produce its outputs, primarily as drinking water for livestock. Indirect water 
extraction made up 10% of the total appropriation by the sector. The sector’s total water 
multiplier was 53,293 m3/$m, the third highest of all sectors, after Mining and Quarrying and 
Oil and Gas exploration and extraction (see Appendix 2). 
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Figure 5: Ultimate contributions to the total environmental impact of Livestock and Mixed Cropping 
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Figure 6: Immediate contributions to the total environmental impact of Livestock and Mixed Cropping 

As would be expected, the Livestock and Mixed Cropping sector used a very large area of 
land to produce its outputs. At just over 10 million ha, the sector used almost 40% of New 
Zealand’s total land area. Indirect land use made up less than 5% of the total appropriation by 
the sector. The sector’s total land multiplier was 2,917 ha/$m, the highest of all sectors. This 
was followed by Meat and Meat Product manufacturing (1,447 ha/$m), which was high as a 
consequence of the high land multiplier of the Livestock and Mixed Cropping sector, then 
Other Farming (1,193 ha/$m), Forestry and Logging (763 ha/$m), and Dairy Farming (716 
ha/$m). The full list of eco-multipliers is given in Appendix 2. 

While the sector directly used a considerable amount of energy (5.6 million GJ), it indirectly 
appropriated as much again via purchases from other sectors. Significant contributors were 
the Services to Agriculture, Road Transport, Petroleum and chemical manufacturing, and 
Wholesale trade sectors. 

The Paper and paper product manufacturing sector had the highest energy multiplier of all 
sectors (27,115 GJ/m3). While the Livestock and Mixed Cropping did not purchase large 
quantities from this sector it ultimately appropriated a significant amount of energy from that 
sector via several transaction links. 
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The sector’s carbon dioxide appropriation profile closely matches the energy profile because 
most of the carbon dioxide emissions quantified are directly from energy use. With the 
intended inclusion of other sources of greenhouse gas emissions in the second phase of the 
project, this will change markedly. 

Discussion 

New Zealand has a small population (4 million people) and a land area of 268,000 km2 
(103,000 square miles), an area similar to Japan or the United Kingdom, both of which have a 
much larger population. One third of New Zealand’s area, much of which is mountainous and 
hilly, is in the Conservation Estate. Over half of the total land area is pasture and arable land, 
and more than a quarter is under forest cover. Much of this is in the Conservation Estate but 
there is also 1.7 million hectares of planted production forest. Lakes and rivers cover 1% of 
the land (The Treasury, n.d.). 

The food and fibre industries are efficient and productive in New Zealand. The country’s 
temperate and relatively mild climate means it is well suited to agricultural production. Trees 
such as radiata pine grow at a much faster rate than in their indigenous habitat, and livestock 
can be grazed outdoors all year round. Forestry was originally established in areas not well 
suited to pastoral farming. 

Forestry and Logging, in combination with its downstream processing activities of Wood 
processing and Paper manufacturing, contributed about $2.4 billion (8%) to export earnings of 
New Zealand’s economy. 

As would be expected, the Forestry and Logging sector uses large amounts of land directly. 
Water use is small (3.9 million m3) as regular rainfall in New Zealand provides sufficient 
supply for trees to grow largely without irrigation. The Forestry and Logging sector is a heavy 
user of road transport services and as a result appropriates a large footprint of energy use and 
carbon dioxide emissions. However, these emissions are dwarfed by the amount of carbon 
dioxide production forests in New Zealand are calculated to have sequestered: in 1998 the net 
total sequestration was estimated at 17 million tonnes of CO2 (Ministry for the Environment, 
2005). 

Along with the dairy industry, the sheep and beef sector forms the backbone of NZ’s export 
industry. With its downstream processing activities, which include Meat processing and 
Textile manufacturing, the sector contributed over $5 billion (19%) of export earnings to New 
Zealand’s economy in the year ended March 1998. The humane treatment of animals, grazed 
outdoors year-round on their natural diet and at relatively low stocking densities, perversely 
results in a large environmental impact for the industry. This impact is primarily the result of 
the use of land and water. Such environmental impacts, however, should be judged in the 
context of competing uses rather than in absolute terms. For example, with water historically 
in abundant supply in New Zealand, there was no reason to consider its use as an 
environmental impact of any significance. Now that water resources are under pressure, 
particularly from increased demand for irrigation to intensify farming and convert land 
previously in sheep and beef to dairying, water use and its associated degradation are 
important issues. 

In contrast to land and water use, the Sheep and Beef sector used a relatively small amount of 
energy to produce its outputs, ranking 27th out of the 48 sectors with $3448 GJ/$m. In fact, 
according to Schlich and Fleissner (2005), not only are “New Zealand farmers … able to 
produce lamb meat with only small expenses of energy” relative to German farmers, but the 
transportation of frozen lamb meat from New Zealand to Europe by sea “takes in the long run 
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less energy than local transportation and distribution efforts” (p. 222). Schlich and Fleissner 
point to an ‘ecology of scale,’ such that environmental impacts per unit of product appear to 
reduce with the size of the industry. In their study, Schlich and Fleissner used process 
analysis-based Life Cycle Assessment (LCA), which could suffer potentially large truncation 
errors, depending on how the system boundary is defined (Lenzen, 2001). LCA can, therefore, 
miss some sources of indirect energy use. An alternative currently receiving attention is a 
hybrid approach, combining LCA and EIOA, which combines the advantages of each method 
(e.g., Lenzen, 2002). 

For the first phase of the research, carbon dioxide emissions relate mainly to energy use and 
do not include those from other agricultural sources. Initial analyses indicate that greenhouse 
gas emissions from enteric fermentation, excretion, and fertiliser use could contribute the 
equivalent of about 8.5 million tonnes of CO2 to the Livestock and Mixed Cropping sector’s 
total (based on Hendy and Kerr, 2005). With these emissions included, the direct emission of 
carbon dioxide increases substantially and the indirect appropriation of just over 
500,000 tonnes of CO2 emissions is much less significant. 

It is important to recognise that, in this study, all water use (with the exception of water used 
to generate electricity) is considered equivalent regardless of whether it is consumed in total, 
treated and returned to water ways, or recycled and used again. Recycled or treated water use 
does not reduce the availability of the resource for other users and therefore water multipliers 
may for some sectors be over-estimates. Examples of this occur in the Mining and Quarrying, 
and Basic Metal manufacturing sectors, which extract water for use but return it to a settling 
pond where it is cleaned before it is discharged into the original watercourse. 

Conclusions 

In this paper we have presented early results from an analysis of the total environmental 
impact of New Zealand’s food and fibre sectors. These sectors form the backbone of New 
Zealand’s export-driven economy. The work is intended to provide comprehensive 
information for these sectors so that they fully appreciate their total resource use (both direct 
and indirect) as well as the extent to which their production processes degrade the 
environment. Such knowledge will provide a platform from which they can assess the extent 
of their sustainability when compared with other land uses in New Zealand and with similar 
industries internationally. 

Initial results, while revealing few surprises, show that the Forestry and Logging sector used 
small amounts of water (3.9 million m3) compared with the Livestock and Mixed Cropping 
sector (189 million m3). Direct water use by Forestry and Logging (289,000 m3) was 
insignificant compared to indirect use (3.6 million m3). Direct use of water by the Livestock 
and Mixed Cropping made up 90% of its total appropriation. Because both Forestry and 
Logging and Livestock and Mixed Cropping are land-intensive activities, they had a high 
direct land use component compared with indirect use. Compared with Livestock and Mixed 
Cropping, Forestry and Logging was relatively energy intensive. The main indirect 
contributor to this was Road Transport. Carbon dioxide emissions are also significant as a 
consequence. While the sector is calculated to have sequestered a net total of about 17 
million tonnes of CO2 in 1998 (Ministry for the Environment, 2005), it remains incumbent on 
all industries to reduce direct and indirect emissions where possible. Carbon dioxide emission 
calculations for Livestock and Mixed Cropping do not include methane or nitrous oxide, 
potent greenhouse gases that will be taken into account in the next stage of the study. 

This research is continuing and intends in future to investigate more environmental impacts, 
including agricultural greenhouse gases, water and air pollution, and solid waste. It will also 
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begin using a physical input–output table to assess overall material flows, investigate the 
concept of indirect sequestration of carbon dioxide, conduct error analyses of all results, and 
estimate the appropriation of environmental impact via international imports.  
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Appendix 1 

Direct resource use is given by the physical sectoral inputs or outputs in the resource 
accounts. Direct eco-efficiencies (matrix MD) are calculated by dividing each sector’s direct 
resource use by its gross economic output. It is the calculation of indirect eco-efficiencies and 
footprints that requires the input–output matrix. 

The input–output matrix is a compact summary of the transactions between sectors of the 
economy. Let G be this matrix (n×n, where n is the number of sectors) and x an n×1 vector of 
net sectoral economic output. To prevent double counting, first-order intrasectoral 
transactions are zeroed by setting the main diagonal of the transaction matrix to all zeros. If 
this were not done then ecological effects counted as direct would also be counted as indirect 
for the same sector. Because of this modification, the net sectoral economic output is used 
instead of the gross sectoral economic output, the difference being simply the first-order 
intrasectoral transactions (i.e. a sector’s purchases from itself, which are the elements on the 
main diagonal of G). 

Then the technical coefficients matrix, A, can be defined by: 

 xAG ˆ=  (Equation 1) 

Where x̂  is the n×n diagonal matrix formed from x. 

We can therefore calculate A by: 

 1ˆ −= xGA  (Equation 2) 

From the technical coefficients matrix, A, the Leontief Inverse matrix, L , is formed as: 

 ( ) 1−−= AIL  (Equation 3) 

Where I  is the n×n identity matrix. The values in the Leontief Inverse matrix (Leontief 
coefficients) represent the total direct and indirect requirements of any sector j (in columns) 
supplied by other sectors i within the region in order for sector j to be able to deliver $1m 
worth of output to final demand. 

The matrix of total eco-efficiencies, MT, is calculated as the product of the matrix of direct 
eco-efficiencies, MD, and the Leontief Inverse, L : 

 LMM DT =  (Equation 4) 

The matrix of indirect eco-efficiencies, M I, is then calculated simply by subtracting the direct 
eco-efficiencies, MD, from the total eco-efficiencies, MT: 

 DTI MMM −=  (Equation 5) 

The total resource-use appropriations (in physical units) are then calculated by multiplying 
each sector’s total eco-efficiency by its net economic output: 

 xMU TT =  (Equation 6) 

Calculating contributions to appropriation 

The foregoing methodology calculates total appropriation by sector. Contribution analysis 
enables sectors to identify the source of indirectly appropriated resources. 
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To calculate immediate sectoral contributions to resource appropriation through transactional 
routes, the economic input of each sector is multiplied by that sector’s total eco-efficiency. 
This can be summarised for all sectors, using matrix algebra, as: 

 xAfC ˆˆ
k

k
imm =  (Equation 7) 

Where k
immC  is an n×n matrix indicating immediate contribution to resource-use (resource k) 

appropriation of sectors (in columns) by sectors (in rows); kf̂  is the n×n diagonal matrix 

formed from the vector of total eco-efficiencies for resource k (kth row of MT); and xA ˆ  is the 
n×n transaction matrix (G). 

To calculate ultimate sectoral contributions to resource appropriation, the same operations are 
performed as outlined in the main method (Equations 4 and 6), but without the summing 
action of matrix multiplication. This can be summarised for all sectors, using matrix algebra, 
as: 

 xLfC ˆˆ
k

k
ult =  (Equation 8) 

Where k
ultC  is an n×n matrix indicating ultimate contribution to resource-use (resource k) 

appropriation of sectors (in columns) by sectors (in rows); kf̂  is the n×n diagonal matrix 

formed from the vector of total eco-efficiencies for resource k (kth row of MT); L  is the n×n 
Leontief Inverse matrix; and x̂  is the n×n diagonal matrix formed from the vector of net 
sectoral economic output (x). 

Note that the total resource-use appropriation for resource k, k
TU , can be recreated from kultC  

by summing the ultimate sectoral contributions: 

 k
ult

k 1CUT =  (Equation 9) 

Where 1 is a 1×n vector of ones. 
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Appendix 2 

Table 2: Ecological multipliers for the 48 sectors of the study 

  

Sector 

Water 
multiplier 
(m3/$m) 

Land 
multiplier 
(ha/$m) 

Energy 
multiplier 
(GJ/$m) 

CO2 
multiplier 
(tonne/$m) 

1 Horticulture and fruit growing 32,389 270 3,132 227 
2 Livestock and Mixed Cropping 53,293 2,917 3,448 252 
3 Dairy cattle farming 22,178 716 3,302 231 
4 Other farming 16,461 1,193 7,030 509 
5 Services to agriculture, hunting and trapping 5,045 139 2,687 197 
6 Forestry and Logging 1,636 763 3,561 254 
7 Fishing 5,982 34 11,963 891 
8 Mining and quarrying 195,912 82 4,009 318 
9 Oil and gas exploration and extraction 114,486 30 2,692 248 
10 Meat and meat product mfg 40,241 1,447 4,827 355 
11 Dairy product mfg 33,328 540 7,071 530 
12 Other food mfg 6,034 82 6,656 515 
13 Beverage, malt and tobacco mfg 8,708 115 4,676 366 
14 Textile and apparel mfg 14,708 555 3,848 271 
15 Wood product mfg 4,262 305 6,206 416 
16 Paper and paper product mfg 21,311 75 27,115 2,466 
17 Printing , publishing and recorded media 4,839 43 5,250 449 
18 Petroleum and industrial chemical mfg 20,626 39 4,954 427 
19 Rubber, plastic and other chemical product mfg 6,416 57 4,500 315 
20 Non-metallic mineral product mfg 29,224 39 9,614 2,414 
21 Basic metal mfg 37,068 37 22,522 1,475 
22 Structural, sheet, and fabricated metal product mfg 8,893 48 5,618 393 
23 Transport equipment mfg 4,287 42 3,340 314 
24 Machinery and equipment mfg 5,719 46 4,422 333 
25 Furniture and other mfg 6,111 89 3,869 493 
26 Electricity generation and supply 6,414 12 803 188 
27 Gas supply 35,871 18 1,354 116 
28 Water supply 2,836 436 3,591 243 
29 Construction 6,772 69 3,869 436 
30 Wholesale trade 5,737 177 3,591 267 
31 Retail trade 2,812 54 2,851 199 
32 Accommodation, restaurants and bars 7,726 146 4,370 273 
33 Road transport 1,644 26 17,785 1,254 
34 Water and rail transport 1,423 32 15,451 1,187 
35 Air transport, services to transport and storage 1,567 21 4,337 341 
36 Communication services 857 12 1,442 100 
37 Finance 486 7 749 49 
38 Insurance 531 8 706 50 
39 Services to finance and investment 872 13 1,092 81 
40 Real estate 1,254 28 1,017 83 
41 Ownership of owner-occupied dwellings 900 16 670 63 
42 Business services 1,799 27 1,777 143 
43 Central government administration, defence, etc. 1,439 40 2,026 154 
44 Local government administration services, etc. 2,834 57 1,630 144 
45 Education 1,402 15 1,196 87 
46 Health and community services 1,184 13 1,754 110 
47 Cultural and recreational services 6,066 132 1,721 134 
48 Personal and other community services 5,042 28 1,825 166 

 


