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Introduction 
Since the 2000 edition, WWF’s Living Planet Report has included Ecological Footprints of 

nations produced by the Global Footprint Network (WWF, 2000). The Ecological Footprint 

is currently defined by GFN as: 

the sum of all the cropland, grazing land, forest and fishing grounds required to 

produce the food, fibre and timber it consumes, to absorb the wastes emitted when it 

uses energy, and to provide space for its infrastructure. Since people consume 

resources and ecological services from all over the world, their footprint sums these 

areas, regardless of where they are located on the planet (WWF, 2008, p. 14). 

The Living Planet reports, and the Ecological Footprint concept itself, have been 

instrumental in raising awareness that humans no longer live within their means. However, 

while there are many examples in the literature of critiques of the concept and 

methodology, there are very few cases of close investigation of the country-specific data 

and calculations produced by GFN. One notable exception is an analysis of the accounts for 

Germany by Giljum et al. (2007). 

In the most recent Living Planet Report New Zealand ranks sixth worst overall per capita 

among 150 nations, and this position is questioned in New Zealand. In particular, some 

results stand out as counter-intuitive, such as that New Zealand’s fishing grounds footprint 

per capita is over six times that of Japan, despite FAO data showing that New Zealanders 

eat less than half the fish per capita of Japan. New Zealand is unusual in many ways as a 

nation, including: (i) it is industrialised but also highly reliant on exports of efficiently 

produced primary goods, and the bulk of primary production is exported, (ii) it generates 

more than 70% of its electricity from renewable sources, (iii) it has an Exclusive Economic 

Zone that is fifteen times its land area and one of the ten largest in the world. Because of 

its unusual situation, any international standard approach designed to be generally 

consistent across nations is likely to produce some anomalies for New Zealand, and these 

would not necessarily be obvious to those unfamiliar with the New Zealand context. 

Because of these questions, and to encourage wider acceptance and recognition of the 

Ecological Footprint in New Zealand, the New Zealand Centre for Ecological Economics 

(NZCEE) undertook to join the Global Footprint Network as a Participating Partner in 2009. 

As a Participating Partner, NZCEE has agreed to support the mission of GFN, and make 

efforts to coordinate research around a common set of National Footprint Accounts (NFA). 

NZCEE acknowledges that GFN stewards the NFA on behalf of its partner organizations and 

this report is submitted so we can work via the National Accounts Committee to make 

changes or improvements to the NFA. We would like to formally communicate the issues 

associated with the way the EF is calculated for New Zealand so that methodological and 

data issues that cause distortions of the EF for New Zealand (and possibly other countries 

as well) can be brought to the attention of the Standards and National  Accounts 

Committees. 

Throughout this report we frequently cite the 2008 edition of the Guidebook to the 

National Footprint Accounts (Kitzes et al., 2008), which we refer to as simply the 
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Guidebook. The report is not intended as a full review of the accounts for New Zealand, but 

rather investigates some of the more obvious issues. This report pertains only to the 2008 

release of the National Footprint Accounts for New Zealand, which are based on 2005 data. 
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Fishing Grounds 

GFN Method 

Production 

The footprint of fishing grounds is stated to present “fisheries’ demands on aquatic 

ecosystems as the equivalent surface area required to sustainably support a country’s 

catch” (Kitzes et al., 2008, p. 50). The area is calculated by first calculating the ‘primary 

production’ necessary to support the caught fish, and then dividing that by the 

“harvestable primary production per hectare of marine area” (Kitzes et al., 2008, p. 50). 

Primary production is an indication of the photosynthetically generated biomass required 

in the food chain of each fish species, and is determined partly by the trophic level of the 

species (TL), which in turn is estimated from diet composition. Using a discard rate of 

bycatch (DR) of 1.27, a transfer efficiency (TE) of 0.10 tonnes of live fish per tonne of feed, 

and a carbon content of fish (CC) of 11.1%, the primary production required is then 

calculated as: 

1

1
TL

PPR CC DR
TE

−
 

= ⋅  
 

. 

This is then converted to a yield using the world-average Available Primary Productivity 

(APP) of 4.25: 

1
Yield APP

PPR
=  

The yield of hoki is calculated to be 0.010 tonnes of live-weight fish per hectare of 

continental shelf per year, reflecting its high trophic level (4.47). The final footprint is 

calculated for each species as: 

P

Production
EF EQF

Yield
= , 

Where the equivalency factor (EQF) is 0.40 gha/wha for all species. 

Trade 

While the catch (production) data from FAO are by species, the trade data from 

COMTRADE are according to the HS classification system, and are therefore much less 

detailed. A total of only 117 commodities are used, and each is assigned to a species or 

genus to align the data with the previous Yield estimates. Each commodity is assigned an 

extraction rate (Extr), which specifies the ratio of processed to live weight, and this is 

multiplied by the Yield to obtain the import yield. Although a note in the spreadsheet 

states that “export yield is identical to import yield except for non-species-specific 

commodities,” almost all export yields are set to import yields and there is no obvious 

logical difference where another yield is chosen. 



 

4 

The import and export yields are then multiplied by the trade volumes in tonnes and 

converted using the same EQF of 0.40 to obtain the footprint associated with traded fish 

and fish products. 

Comments 

The most obvious concern with the fishing grounds estimate for NZ is that it places NZ 

second only to Norway per capita, over six times that of Japan (WWF, 2008). General 

knowledge tells us that the Japanese eat considerably more fish per-capita than New 

Zealanders, and a check of FAOSTAT data confirms this: in 2003, Japanese fish consumption 

was 66 kg/capita, while New Zealand was 26 kg/capita (FAO, 2009). It seems clear there is 

something wrong with the fishing grounds estimates for NZ in the EF. 

Quality of trade data 

The trade data are at a low level of detail, and this necessitates significant approximations 

when aligning the data to the species-rich data from FAO. For example, the ‘parent’ 

associated with ‘Fish fillets, frozen’ is ‘Osteichthyes’, which is a superclass.
1
 Data from NZ 

Customs (via Statistics NZ) provide exported fish and fish products at a much higher level of 

detail (405 commodities), including species-level data (e.g., frozen fish fillets by 35 species). 

Of particular importance is the presence of data on hoki exports in different forms so that 

hoki-specific factors can be used. 

Extraction rates 

The source of extraction rates used by GFN is not given either in the Guidebook or in the 

spreadsheet. Many of the rates are 1.00, implying a whole, ungutted fish, which is in fact 

only appropriate for live fish. We obtained data from Statistics NZ on extraction rates 

(Statistics New Zealand, 2003) that included species-level conversion factors for up to 

eleven types of processing for the most important fish species. Gutted, whole fish have a 

rate of about 0.90, while frozen fillets average about 0.30 (GFN used 0.5). When these new, 

more detailed extraction rates are combined with the more detailed export data, the 

41 000 tonnes of exported frozen fillets, which were converted via the extraction rate to 

82 000 tonnes of greenweight (live weight), are now converted to 133 000 tonnes, with a 

consequent increase in exported footprint. 

By recalculating the exported fishing grounds using more detailed data, the exported 

footprint can be listed alongside the production account. Note that no superior data were 

available for imported fish extraction rates, but imported fish is very small compared with 

exports (38 000 tonnes/yr compared with 336 000 tonnes/yr). 

By improving the data and calculations for both the trade data and the extraction rates, the 

fishing grounds consumption footprint drops from 6 885 000 gha to 2 998 000 gha, or by 

0.96 gha/capita. 

Discard rate 

The GFN Guidebook 2008 states (p. 57): "With poor information on the bycatch discard 

rates associated with different fisheries, we apply an average discard rate of 1.27 to all 

catch." The Guidebook cites Pauly and Christensen (1995), although the original source of 

the figure is most likely Alverson et al. (1994). 

                                                 
1
 A superclass is followed in the taxonomic system by class, order, family, then genus and species. 



Set title in Document Properties  

 

5 

More recently, the discard rate estimated by Alverson et al. (1994) was updated by 

Kelleher (2005, p. iv), who presented evidence “for a substantial reduction in discards in 

recent years…. The [current] weighted discard rate is estimated at 8 percent (proportion of 

the catch discarded).” Importantly, Kelleher also states that shrimp trawl fisheries 

accounted for “27.3 percent (1.86 million tonnes) of estimated total discards …. [with a] 

weighted discard rate for all shrimp trawl fisheries [of] 62.3 percent” (Kelleher, 2005, p. 

36). This raises the average discard rate substantially, implying that other fisheries would 

be less than 8%. 

Focussing on the hoki fishery, Anderson and Smith (2005, p. 34) state:  

The hoki fishery has previously been shown to be among New Zealand’s less wasteful 

fisheries, with about 0.05 kg of discards per kg of hoki caught…. This study confirms 

this, with the equivalent value being 0.06 for the four years [2000-2003] combined.  

This would suggest a 6% discard rate is more appropriate for the hoki fishery, and is 

supported by the information from Kelleher (2005). 

The effect of reducing the discard rate only for hoki on NZ’s 2005 EF is a reduction of 

approximately 800 000 gha, or 0.2 gha/capita. If all fish are reduced to 8% discard rate, the 

reduction is about 1 020 000 gha, or 0.25 gha/capita. With both changes combined (all fish 

except hoki at 8%, hoki at 6%), the reduction is about 1 115 000 gha, or 0.27 gha/capita. 

It is not clear whether discard includes non-fish species mortality. The incidental catch of 

other animals including seabirds and marine mammals is of significant concern to some, 

although may be low in relative terms. According to Te Ara, the government 

encyclopaedia:
2
 "Between 1988 and 2003, 7,759 seals died in hoki fisheries". This could 

amount to about 44 tonnes/year of seals (average weight about 90 kg
3
), which, using the 

GFN formula and a trophic level of 5.0, would convert to about 4600 gha. 

Summary 

We have not here discussed the validity of the approach to fishing grounds footprint used 

by GFN. However, some simple data improvements reduce the apparent footprint of New 

Zealanders by 1.08 gha/capita (c.f. original 2005 total footprint of 7.70 gha/capita). Note 

also that the fishing grounds footprint for NZ is still twice that reported for Japan; if the 

methods described above were applied to Japan then Japan’s footprint would surely rise. 

                                                 
2
 http://www.teara.govt.nz/en/marine-conservation/3 

3
 http://www.doc.govt.nz/conservation/native-animals/marine-mammals/seals/nz-fur-seal/facts/  
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Forest Land 

GFN Method 

The forest land Footprint represents “the area of world average forest land needed to 

supply wood for construction, fuel and paper” (Kitzes et al., 2008, p. 41). Production and 

trade are calculated using the same method, which is simply to combine volume by an 

extraction rate to convert back to roundwood equivalent, a yield factor representing the 

world hectares required to produce a unit volume, and an equivalency factor of 1.33. 

The Guidebook says (p. 41) that country-specific forest yields are used, and that one of the 

sources used is FAO’s Global Fibre Supply Model (Bull et al., 1998). However, in the NZ 

accounts the world-average forest yield factor of 2.36 m
3
/ha/yr is used.  

Comments 

New Zealand produces over 99% of its wood from sustainably harvested production forests 

of non-native species, predominantly pine. The total area of this forest estate in 2005 was 

1 811 000 ha (MAF, 2006). However, the GFN accounts estimate that the area required to 

produce NZ’s wood supply (both domestic and export) was 8 117 000 wha 

(10 817 000 gha). 

The wood and wood products exports data used by GFN match data currently distributed 

by FAO and are reasonably close to data from NZ Customs. 

Yield 

However, the world-average forest yield factor of 2.36 m
3
/ha/yr is significantly lower than 

the actual growth rate of pine plantations in NZ. According to the FAO, pine forest in NZ 

has a growth rate of 18–24 m
3
/ha/yr (Brown, 2000, p36). The report GFN cites as the 

source for country-specific growth rates gives NZ’s “gross annual increment” as 18.0 m
3
/ha 

(Bull et al., 1998, p103). 

When a yield of 18.0 m
3
/ha/yr is used instead of 2.36 m

3
/ha/yr, the forest land footprint 

reduces from 3 970 000 gha to 1 453 000 gha, or from 0.99 gha/capita to 0.36 gha/capita. 

Importantly, this change reduces the production footprint to less than the total area of 

production forest in NZ. 
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Grazing Land 

GFN Method 

Production 

Grazing land represents the area required to feed livestock, excluding cut-and-carry forage 

crops (which are included in cropping land). The area is calculated as the total calculated 

feed demand for all livestock less the demand supplied from cut-and-carry forage crops. 

Feed demand is calculated from the total production of each type of livestock multiplied by 

a per-tonne or per-head feed factor. 

In New Zealand’s case, the total required feed in 2005 is estimated by GFN at 72 376 000 t-

dm/yr (tonnes of dry matter per year), and 99% of that is calculated to have been supplied 

by pasture. The resulting pasture grass demand of 71 578 000 t/yr is converted using a 

yield factor of 1.30 t/wha/yr and an equivalency factor of 0.5 gha/wha to a figure of 

27 331 000 gha. 

However, this figure is then compared to the biocapacity, which is here calculated as the 

sum of “Grazing Land” and “Other wooded land”, and if the calculated pasture area 

required is larger than the biocapacity then the pasture area is set equal to biocapacity. 

This adjustment, which recognises potential errors in the calculation, is not carried over 

into the traded livestock and products calculations. 

Trade 

Grazing land area associated with imported and exported livestock and derived products 

(meat, dairy, etc.) are calculated by multiplying trade data in tonnes by ‘livestock 

intensities’. These intensities are the requirements for each feed type by each livestock 

type in units of gha per tonne of product. 

For example, to calculate the pasture area required for exported ‘Cattle meat, boneless, 

fresh, chilled or frozen’: 

• Exports: 367 000 t 

• Extraction rate (Extr; meat yield from liveweight): 0.38 

• Total Feed Requirement (TFR): only grass, 8.00 t/t (tonnes of feed per tonne of 

liveweight) 

• Grass Yield: 1.30 t/wha/yr 

• Grass EQF: 0.496 gha/wha 

• Intensity = 0.496/1.30 = 0.38 gha/t 

• Grass requirement = (TFR/Extr)*(EQF/Yield) 

•    = (8.00/0.38)*(0.496/1.30) = 8.04 gha/t 

• So total area required for exported ‘Cattle meat, boneless, fresh, chilled or frozen’ 

is: Grass area = 367 000 * 8.04 = 2 949 717 gha. 

Ella
Highlight
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The world-average pasture yield, used for NZ, is 1.30 t-dm/ha/yr. 

Comments 

The required pasture production area of 55 051 000 wha (equivalent to 27 331 000 gha and 

22 019 000 ha), is considerably higher than the area of NZ used for agriculture. 

Additionally, only 63% of the footprint is subtracted with exports, which is lower than 

expected. 

Land use data 

GFN’s land use data are from FAOSTAT and the areas given for “Arable land and permanent 

crops” are 3 406 000 ha, and for “Permanent meadows and pastures”, 13 863 000 ha. 

However, when we accessed the same source
4
 the areas for those same two categories for 

the same year were 1 047 000 ha and 11 594 000 ha, respectively. Additionally, GFN add 

the area of “Other wooded land” (2 557 000 ha) to the pasture figure to obtain a total 

grazing area of 16 420 000 ha (20 381 000 gha). However, “Other wooded land” is highly 

unlikely to be used for grazing in NZ. 

These figures contrast strongly with Statistics NZ’s figures for pasture and tussock land 

used by the agriculture sector sum to 10 987 000 ha, while cropland is only 500 000 ha. We 

have no explanation for why the FAOSTAT data are significantly higher than official NZ 

statistics. 

When we use the apparently revised FAOSTAT areas for pasture and cropland, the 

production footprint reduces from 20 381 000 gha to 17 565 000 gha, while the 

consumption footprint drops from 7 640 000 gha to 4 824 000 gha (from 1.90 gha/capita to 

1.20 gha/capita). 

Because the methods used to calculate the footprint required for exports is different from 

the method for the production footprint, there is considerable opportunity for the illogical 

result of land required for exports to be higher than land required for production. Indeed, 

if we remove “Other wooded land” from the available grazing area then this illogical result 

does occur. Our adjustments to land-use data are therefore still unsatisfactory. 

Omitted exports 

Two of NZ’s largest exports have been omitted from the GFN accounts because of 

classification mismatches.  

Exported sheep meat has been omitted because the formula at “livestock_efe!C48” looks 

up “0204_a” in the trade data sheet. However, in the latter sheet sheep meat is coded 

“0204.21_a”. When corrected, this adds 1 344 000 gha to exports. 

Exported greasy wool has also been omitted, this time because the formula at 

“livestock_efe!C61” looks up “5101.1”, whereas in the trade data sheet it is “5101.1a”. This 

adds 1 008 000 gha to exports. 

These two missing exports combined reduce the grazing land footprint from 

1.90 gha/capita to 1.31 gha/capita. 

                                                 
4
 FAOSTAT accessed on 25 September 2009. 

Ella
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Summary 

The largest exports from the sheep industry – itself the largest use of land in NZ – were 

excluded from the GFN accounts because of a classification mismatch between two sets of 

data. Remedying this, and updating the land area data to figures from FAOSTAT that are 

closer to (but still much higher than) official NZ data, results in the grazing land footprint 

dropping from 1.90 gha/capita to 0.61 gha/capita. 

GFN include “Other wooded land” with pasture to give the total available grazing land, but 

“Other wooded land” represents scrub land, which is unsuitable and not used for 

agriculture. 

The NFA must make better use of data on land that is not in economic production. In NZ’s 

case large areas are completely reserved, and there are also substantial areas that are very 

limited in their economic exploitation. 

The method used to calculate the footprint required for exports is inconsistent with the 

method for the production footprint. When new land areas from FAOSTAT are used, 

erroneously excluded exported goods are included, and “Other wooded land” is excluded, 

this inconsistency results in the footprint of exports being larger than that of production, 

which is clearly illogical. 
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Carbon Uptake Land 
Carbon uptake land is only calculated for CO2 because of lack of data for other emissions of 

other greenhouse gas. GFN also use an “internal database” for the embodied energy of 

traded commodities. 

We have previously conducted research using input-output analysis on emissions 

embodied in NZ’s trade (Andrew et al., 2008). When we use the CO2 figures from that 

research the consumption footprint increases from 2.22 gha/capita to 2.69 gha/capita. We 

note that GFN’s estimates of NZ’s total imported and total exported CO2 emissions are 

significantly higher than those reported by Andrew et al. (2008). While non-CO2 emissions 

are not within the system boundary of the GFN accounts, we report here that when these 

are added the carbon uptake footprint increases further to 3.74 gha/capita. 
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Summary 
The Global Footprint Network has produced a set of Ecological Footprint accounts for 150 

nations from global datasets using a methodology that is reasonably consistent across 

nations. However, on closer inspection it is evident that this significant effort requires 

careful validation for each country. 

In the case of New Zealand’s footprint accounts, the following significant problems were 

found: 

• Land areas used for pasture, forestry, and crops were significantly higher than 

official NZ figures 

• Sheep meat and greasy wool exports, two of the most significant of NZ’s exports, 

were excluded because of a classification mismatch 

• While the documentation states that country-specific forest growth rates were 

used, the figure used for NZ is the world-average, despite a NZ-specific figure over 

seven times higher being reported in one of GFN’s source documents 

• Fish trade data are not sufficiently detailed to apply extraction rates correctly 

(conversion factors between liveweight and processed weight) 

• Fish extraction rates were much higher than figures publicly available in NZ 

• World-average fish discard rates are derived from a superseded FAO study, and are 

higher than the most recent figures; discard rates for NZ hoki are available and 

these are lower than current world-average rates 

• There is a clear problem with the inconsistent methods used to calculate the 

grazing land footprint for production and for traded commodities, and this must be 

corrected if results are to be meaningful 

• The figures used for energy (and hence emissions) embodied in traded commodities 

result in significantly higher imported and exported carbon uptake land than those 

found in the NZ-specific work of Andrew et al. (2008), although the net emissions 

embodied in trade is lower 

The 2005 Ecological Footprint for New Zealand calculated by GFN was 7.70 gha/capita. 

With the changes suggested in this report – which only address a limited number of issues 

– the Ecological Footprint reduces to 5.19 gha/capita. This shifts NZ’s position from 6
th

 

worst of 150 nations by Footprint to 16
th

. 
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