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Greenhouse gas production by ruminants in New Zealand: a serious problem, or just 
hot air?* 

P.R. VAN GARDINGEN 

MAF Technology, P.O. Box 24, Lincoln, New Zealand. 

ABSTRACT 

Methaneandnivousoxideproducedbyfarmedruminantsmaycauseoveronethirdofthepotentialgreenhousewarming whichcanbeattributed 
toNewZealand. Thisisarcsultofhighpopulations ofdomesticruminants (mainlysheepandcattle),andthelargewamtingpotentialofmethane 
and nitrous oxide. New Zealand’s total greenhouse gas productico is an insignificant component of the global total, but this fact cannot be used 
as a reason toignoreNew Zealand’s contribution. International negotiations have commenced with the aim of producing a treaty to limit global 
greenhouse gas production, and New Zealand may be forced to act on agricultural emissions. This paper discusses current estimates of 
greenhouse gas production by ruminants in New Zealand, and identifies areas needing further research. It ccncludes that; (1) the accuracy of 
estimateofgreenhousegasemissionsfromagricultureneeds tobeimproved; (2)technologytoreducegreenhousegasemissionsfrommminants 
should be developed for, and applied to, New Zealand farming systems; and (3) that equitable methods of implementing limitation policies need 
to be investigated. 
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INTRODUCTION 

The greenhouse effect is the process by which trace 
gases in the atmosphere absorb infrared radiation (heat) 
being emitted from terrestrial sources, resulting in 
warming of the atmosphere. It is important to realise 
that the greenhouse effect is not a new process on planet 
earth, but one that has existed for many millions of 
years, and was critical in the development of life on 
earth. Energy balance calculations suggest that without 
the greenhouse effect, the average temperature of the 
earth would be around 33°C cooler than at present 
(Henderson-Sellers and McGuffie, 1987). The main 
gases of importance for greenhouse warming are water 
vapour, carbon dioxide, methane, nitrous oxide, 
chloroflurocarbon’s (CFC’s) and tropospheric ozone’. 
In recent years concern has been expressed by many 
scientists about the likely effects of the observed 
increases in the concentrations of these greenhouse 
gases (Pearman, 1987) resulting from human activity. 
There is general agreement that enhanced climate 
warming is likely to result from greenhouse gas 

emissions associated with human activities (Houghton 
et al., 1990). Other effects such as increasing sea levels 
and changes in rainfall patterns are likely to occur, but 
are more difficult to predict at present. 

Human induced climatic change will have a 
range of effects including the loss of low lying land as 
sea levels rise, changes in agricultural productivity 
resulting from atmospheric warming and enhanced 
carbon dioxide concentrations, and shifts in climatic 
risk factors. On a global scale the effects are likely to 
present serious problems, with millions of people 
displaced from their traditional homelands, and major 
reductions in food production of some regions. In 
addition it should also be noted that the underlying 
cause of climate change is the pressure on the 
environment resulting from the increase in human 
population, and associated industrial and agricultural 
development. Global population is expected to double 
and reach ten thousand million by the middle of the next 
century, and this will accentuate problems associated 
with climatic change. On a regional scale, in some areas 
there may be positive benefits resulting from climatic 

* Opinions expressed in this paper are those of the author and do not necessarily represent those of the Ministry of Agriculture and 

Fisheries. 

r The Troposphere is the lowest level of atmosphere. 
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TABLE 1 Comparison of annual human induced greenhouse gas emissions for New Zealand and the global total for the year 1989. There 

is a high degree of uncertainty associated with some of these data. Notes: 

- 1 Tg equals 10” grams or lo6 tonnes 

- The per capita, and land area ratios are obtained by dividing the New Zealand percentage contribution for each gas by New 
Zealand’s percentage of the global population (0.07 %) and land area (0.13 %) respectively. New Zealand has around 0.07 % 
of the total global population and 0.13 % of global land area. 

Trace Gas Global New Zealand New Zealand New Zealand New Zealand 
Emissions Emissions Share of Global per capita ratio Land Area ratio 

CTg) (Tg) Total (%) 

co2 26000 26.2 0.10 1.4 0.8 

CH4 300 1.6 0.53 7.6 4.1 

NP 6 0.045 0.75 10.7 5.8 

CFC-11 0.3 0.001 0.33 4.7 2.5 
CFC-12 0.4 0.001 0.25 3.6 1.9 

Source: Ministry for the Environment (1990) 

change. For example in New Zealand the combined 
effects of temperature and enhanced atmospheric carbon 
dioxide concentrations may lead to increased pasture 
growth and animal production (Martin er al., 1991). 

International pressure is growing for action to 
reduce global greenhouse gas emissions, as one way to 
minimise the impacts of human induced climatic change. 
The first step in this process has been to obtain estimates 
of global greenhouse gas emissions, as well as a 
breakdown on the basis of region and country. 
Reasonableestimates exist for global emissions, and in 
some countries, including New Zealand, there are 
estimates of thenational contribution to the global total 
(Ministry for the Environment, 1990). These estimates 
show that New Zealand’s greenhouse gas emissions are 
an insignificant component of the global total, to the 
extent that if all New Zealand emissions were stopped, 
there would be no affect on likely global climatic 
change. 

The question can then be asked, why should 
New Zealand act to reduce greenhouse gas emissions 
when it is obviously “someone else’s problem”? There 
are two answers to this question. Firstly New Zealand 
is pressing for rapid international action to reduce 
global greenhouse gas emissions, and will need to be 
seen to act in line with any resulting agreements. 
Secondly, if New Zealand does not act to reduce 

emissions economic sanctions or non-tariff tradebarriers 
by trading partners may affect terms of trade. On a 
global scale most effort will be needed to reduce carbon 
dioxideemissions, since this is thedominant greenhouse 
gas. In New Zealand however, methane and nitrous 
oxide emissions from agricultural activities may 
contribute to around one third of the total contribution, 
and will need to be examined in any attempt in reduce 
total emissions. The remainder of this paper examines 
t’he contribution of ruminants to New Zealand’s 
greenhouse gas emissions, discusses how policy could 
be implemented to reduce emissions, and identifies 
areas needing further research. 

NEW ZEALAND’S AGRICULTURAL 
GREENHOUSE GAS EMISSIONS 

TheNew Zealandclimatechangeprogramme (Ministry 
for the Environment, 1990) has produced estimates of 
global and New Zealand human induced greenhouse 
gas emissions for 1989 (Table 1). New Zealand’s 
emissions of each of the major greenhouse gases do not 
exceedonepercentoftheglobaltotal,butwhenexpressed 
on a per capita or land area basis, the emissions of 
methane and nitrous oxide are very high. The estimates 
for New Zealandemissions presented in table 1 represent 
the best currently available, with those for carbon 
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warming potentials are used to calculate the relative 
impact of each greenhouse gas (as in Table 2), and can 
be used to assist policy decisions. Greenhouse gas 
production by ruminants in New Zealand contributes to 
around one third of the national warming potential. 
When carbon dioxide emissions from fossil fuel use 
(mainly petrol and diesel) are included, the agricultural 
sector may produce over forty percent of the national 
total. There are several reasons why methane and 
nitrous oxides constitute such a largeproportion of New 
Zealand’s total warming potential. The most obvious is 
that New Zealand has a high population of ruminants on 
both an area and per capita basis. Secondly, New 
Zealand’s carbon dioxide emissions are relatively low 
foradevelopednation,sincemostelectricity is produced 
from hydro-electricresources. Lastlytheglobal warming 
potential (Table 2) of methane and nitrous oxide are 
much higher than carbon dioxide. Methane in particular, 
is a very active greenhouse gas, and it’s impact on 
global warming is only reduced by it’s relatively short 
atmospheric lifetime. 

GREENHOUSE POLICY 

Many reasons have be produced why New Zealand 
should not act to reduce greenhouse gas emissions from 
agriculture. These include; the extreme uncertainty 
associated with the estimates; that agriculture is 
managing renewableresources as opposed to exploiting 
non-renewable resources such as fossil fuels; New 
Zealand exports most of it’s produce and the problem 
therefore belongs to other countries; and that food is 
needed to feed the worlds growing population. There is 
no escaping the fact that if international agreement can 
be reached to produce a treaty to reduce global 
greenhousegasemissions,NewZealandwillbeexpected 
to act on agricultural emissions. Good policy cannot be 
developed in the absence of adequate information. One 
challenge for New Zealand science in the next few years 
is to address some of the important issues associated 
with agricultural greenhouse gas emissions. 

Greenhouse gas emissions are closely linked to 
the total number of stock in any year. The combined 
effects of drought and the downturn in the rural sector 
have resulted in major reductions in stock numbers. 
Agricultural statistics for 1989 show a reduction of 
sixteen percent in cattle numbers compared with the 

peak of 9.3 million in 1974, and a reduction of fourteen 
percent in sheep numbers compared with the peak of 
70.3 million in 1982 (Department of Statistics, 1990). 
These reductions are however partially offset by 
increases in deer and goat numbers. If trends in New 
Zealand’s domestic animal numbers are examined, a 
simple calculation suggests that levels of methane 
emission from ruminants have been static for at least ten 
years, and may have declined in recent years. In 
contrast, methane emissions from municipal landfill 
sites have been rapidly increasing over the last decade 
(Currently20%ofnationaltotal,Lasseyetal.,1990),and 
the increase are likely to continue until steps are taken 
to limit the rate of refuse production by New Zealand 
society. These observations must be considered when 
developing policy for New Zealand. 

Negotiations towards an international treaty 
limiting greenhouse gas emissions have commenced 
(Lindley, 1991; Victor, 199 l),anditis usefultoconsider 
how this may affect New Zealand. Agreement has not 
been reached on the likely form of any treaty, but the 
method of implementation is likely to be left up to 
individual nations. One option would be the use of 
tradeableemissions limits, which in New Zealand would 
be administered under the new resource management 
bill. Taxation is another option, with a “carbon tax” of 
five cent per litre of petrol equating to an annual 
“methane tax” of around $2 per head of sheep, and $20 
per head of cattle. The problem of the uncertainty 
associated with agricultural emissions of greenhouse 
gases will need tobeaddressed in any national limitation 
policy to ensure that the policy is fair and equitable. 

RESEARCH NEEDS 

Two areas of research need to be developed in New 
Zealand to improve knowledge of greenhouse gas 
emissions by ruminants; (1) estimates of fluxes and 
emissions; and (2) methods for reducing emissions. 

Work is needed to identify sources and sinks for 
methane and nitrous oxide, using in situ flux 
measurements. Greenhouse gas emissions by ruminants 
need to be measured and compared between different 
agricultural systems. This should include comparisons 
between animal species and breeds, as well as different 
feed sources such as grain and grass. The estimates of 
greenhouse gas emissions obtained in these studies 




