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Summary
This report reviews prior research on several topics associated with anthropogenic climate
change resulting from concentration of CO2 and other gases in the atmosphere. It represents
the first step in a project whose aim is to translate this prior research into scenarios that can
be modelled with the Lincoln Trade and Environment Model. The report does not attempt to
provide a full discussion of the many issues surrounding climate change. Instead, the intent is
to summarise prior findings to provide specific parameter values that can be used as model
inputs and to link those parameter values to the larger body of research on climate change.
The IPCC and others have considered the impact of population growth and other trends on
production of greenhouse gases and the implications for climate change. The associated
changes in temperature, rainfall, and concentration of CO2 are expected to have impacts on
agricultural and forestry production. The impacts vary by country and commodity, and vary
according to the timeframe considered. In addition, there is uncertainty in the results,
indicated by the ranges of values presented in some cases.
There are also technologies and strategies available for mitigating the effects of production
on the environment. Some of these technologies reduce the creation of gasses from
agriculture, by reducing emissions from soils and animals. Other technologies attempt to
capture the gasses that are produced. Still other technologies and processes work to remove
carbon from the atmosphere and sequester it for extended periods.
The literature on consumer behaviour clearly indicates the willingness on the part of some
consumers to support environmental values by paying more for goods and services.
Consumers are clearly heterogeneous in this willingness to pay, however, and there are
confounding impacts from labelling, information, social norms, uncertainty, and more. As a
result, although there is a clear willingness to pay for green products, the size of the premium
and the products to which it applies are unclear. In addition, gatekeeper effects may increase
or decrease the impact of consumer preferences on producer behaviour.
The research reviewed in this report provides the necessary data for analysing the economic
impacts of climate change using a model of international trade in agricultural commodities.
Research is currently underway to build such a model on the platform of the Lincoln Trade
and Environment Model (LTEM), with a country and commodity mix specific to the issue of
climate change. The prior research reviewed in this report can be considered partial: it tends
to consider climate change without prices and their consequences for production and
consumption. By subjecting the trade model to a combination of supply and demand shocks,
the aim of this research is to build a better picture of economic impacts of climate change on
New Zealand.
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Chapter 1
Introduction
This report reviews prior research on several topics associated with anthropogenic climate
change resulting from concentration of CO2 and other gases in the atmosphere. The aim is to
translate the research into scenarios that can be modelled with the Lincoln Trade and
Environment Model. The report does not attempt to provide a full discussion of the many
issues surrounding climate change. Instead, the intent is to summarise prior findings to
provide specific parameter values that can be used as model inputs and to link those
parameter values to the larger body of research on climate change.
To begin, this report reviews the climate modelling undertaken as part of IPCC work and
related research. The IPCC has defined a number of potential futures for the world, or
‘scenarios’, that vary in assumptions regarding population growth, technology, and other key
dimensions. These scenarios have then been incorporated into computer models of the
Earth’s climate, resulting in predictions about greenhouse gas concentration, temperature, and
CO2 concentration. This review describes the major scenarios, key dimensions of the
scenarios, and findings from climate models.
The next section of the report discusses the expected impacts of climate change on production
in agriculture and forestry. The findings from climate models, in particular the temperature,
CO2 concentrations, and water availability findings, have served as inputs into production
models for crops and forests. These models translate the projected physical changes to
climate into projected impacts on production. Production is affected in several ways. First,
temperature and CO2 concentrations have direct impacts on the growth of plants, affecting
crop, pasture and timber output. Secondly, changes in temperature can also affect the
geographic distribution of production, changing where certain crops can be grown
productively and profitably. Thirdly, changes in water availability, over both time and space,
affect plant growth and crop selection. The findings from these models are discussed and
summarised.
Another issue facing land-based production is the potential for mitigation of greenhouse gas
emissions. Because mitigation can ameliorate the negative impacts of production, it can have
a significant effect on the ability to produce agricultural and forestry products, especially in
the presence of a mechanism that requires payment for carbon emissions. The available
mitigation technologies and their potential impact are therefore reviewed.
The report then turns to issues affecting consumer demand. In a market, such as the
international market for commodities, it is also important to consider consumers’ responses.
These responses could harm New Zealand trade, as when concern over the distance that food
travels from farm to fork (‘food miles’) leads to reduced demand in the Northern Hemisphere
for New Zealand exports. On the other hand, concern for the environmental impacts of
production could support demand for pasture-based livestock systems over feedlot
production, and for sustainably managed plantation forestry over felling of tropical
rainforests. In those cases, New Zealand could benefit from increased demand and higher
prices.
The final section of the report provides an indication of the future direction of this research.
This section sets out the next phase of research, which will be to develop a set of scenarios
based on the reviewed literature and model them in order to analyse the potential impacts of
1

climate change on New Zealand’s international trade in agricultural and forestry products.
Using the LTEM will allow the research to model the complex impacts of changes in
production and consumption on emissions of greenhouse gases both in New Zealand and
abroad as well as the feedback effects on prices, production, consumption, and trade. Also
important in this work will be capturing the interactions between agricultural and forestry
land uses. These interaction effects are important for understanding the net impact of
emissions, because it is insufficient to consider the changes in production and emissions in a
single country (Sengupta and Bhardwaj, 2004). The prior research that will be reviewed
should thus be considered partial: it considers climate change without prices and their
consequences for production and consumption. The aim of this research is to build a better
picture of economic impacts of climate change.
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Chapter 2
IPCC Emissions Scenarios
The IPCC Special Report on Emissions Scenarios (SRES) has since its release in 2000
become a widely used aid in the literature on projected climate change. The 40 emissions
scenarios cover most of the projected GHG and SO2 emissions scenarios found in literature,
leaving out only the 5th and 95th percentiles of the emissions distribution range found in
literature (Nakicenovic & Swart, 2000).
The scenarios are meant to serve the IPCC working groups and research in general as well as
providing inputs for discussion and negotiation of policies concerning mitigation and
adaption measures. Furthermore, they are extensively used in research to model projected
global average surface warming and sea level rise from year 1990 until year 2100 (Pachauri
& Reisinger, 2007) and to project possible implications for future production, food security,
and the economy.
The climate change scenarios have developed over time, starting with the six IS92 emission
scenarios and resulting in the 2007 IPCC ‘Fourth Assessment Report’, referred to as AR4 or
FAR. There have been several reasons for the changes. One main reason for changes since
1994 was that the IS92 used predicted 1990 data, and not the actual values. It was also found
that the IS92 CO2 emission scenarios covered only a limited range of emissions scenarios
found in the literature. Finally, there was no scenario covering a strong convergence between
the developing and developed economies (Nakicenovic & Swart, 2000). The evaluation of the
IS92 scenarios also brought about changes of the driving factors for the emission scenarios.
The population ranges were reduced to three different scenarios, but the projections of
resource availability and technology changes were multiplied, reflecting the IPCC WGII
Second Assessment Report (SAR) (Nakicenovic & Swart, 2000). Furthermore, the scenarios
account for the interactions of the different driving factors, recognising the implications this
has for future emissions.
The SRES are currently divided into four major emissions scenario families. The families are
again sub-divided into seven scenarios groups and further into different scenarios, giving a
total of 40 emissions scenarios. Each emissions scenario family is defined by different levels
of the factors driving emissions. The driving factors have been chosen by climate scientists
because of their ability to influence the future development path and hence projected
emissions.
The drivers include:
•

Population growth

•

GDP growth

•

Degree of economic convergence

•

Primary energy use

•

Land-use changes

•

Technology change, both globally and regional

•

The extend to which global and/or regional environmental concerns influences
development
3

2.1

Emissions scenario families

To provide background for this research, the families of emissions scenarios are described
below. This description presents the main drivers of the families; the details of the families
and the individual scenarios can be found in the IPCC reports.
A1 scenarios assume rapid economic growth and convergence of the world economy, leading
to a general rise in income. The population peaks in 2050, declining to a relatively low
population in 2100 of only seven billion. As incomes rise during the century, environmental
policies are implemented. These policies deal mostly with environmental amenities such as
air and water qualities, but also with concerns such as traffic congestions and land-use
policies (Nakicenovic & Swart, 2000) The economies converge and there is more and more
global interaction amongst countries and societies. Primary energy use is high, but at the
same time technology innovation in efficient energy use is also high (Nakicenovic & Swart,
2000).
Furthermore, the A1 family is divided into four different scenario groups depending on which
energy source they use most intensely. For example, the A1B scenario group assumes a
balanced energy source and technology use (Nakicenovic & Swart, 2000). Here ‘balance’ is
defined as not relying on one particular energy and technology source too heavily, assuming
that the improvement and innovation rates for the different energy uses and technology
developments are equal for all the sources (Watson & the Core Writing Team (eds.), 2001).
A2 scenarios assume the highest projected population of 15 billion by 2100. There is no
economic convergence as such: the developing countries continue to have a low GDP per
capita and industrialised countries are projected to have a medium GDP per capita and a
medium economic growth in general. International development is considered heterogeneous
and there is great emphasis on regional identity and self-reliance (Watson & the Core Writing
Team (eds.), 2001). Primary energy use is high, mostly relying on coal and nuclear energy.
Due to the strain of the large world population, there are no environmental barriers to
development of nuclear energy and fossil energy use (Nakicenovic & Swart, 2000). However,
it is assumed that there are stringent environmental policies controlling air and soil quality as
well as water availability.
B1 scenarios assumes the same low population growth as A1, resulting in seven billion
people in 2100. These scenarios generally reflect an environmentally aware world society and
an economy that relies on services and information. Solutions to sustainability concerns are
approached globally; however, there is no further emphasis on climate change (Watson & the
Core Writing Team (eds.), 2001). Primary energy use is low, and the technology efficiency of
converting energy is high. Both economic growth and GDP per capita are high.
B2 scenarios reflect an overall medium projection in regards to the different driving factors.
The world population is projected to reach ten billion by 2100, and medium economic growth
and GDP per capita are expected along with no real convergence of industrialised and
developing economies. Primary energy use is assumed to be at a medium level; new lowemissions technology developments happen mostly regionally and at a medium pace, due to
the relatively low convergence of societies and economies. Environmental policies and
sustainability concerns are noteworthy, but occur regionally rather than globally.
Table 2.1 summarises the factors underlying the SRES scenarios (Nakicenovic & Swart,
2000).
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Table 2.1: Summary of SRES scenarios

Family

--- A1 ---

A2

B1

B2

Scenario group

A1C

A1G

A1B

A1T

A2

B1

B2

Total scenarios

3

3

8

3

6

9

8

Low

Low

Low

Low

High

Low

Medium

(~7billion)

(~7billion)

(~7billion)

(~7billion)

(~7billion)

(~10billion)

GDP growth

Very High

Very High

Very High

Very High

Low

High

Medium

Energy use

Very High

Very High

Very High

High

High

Low

Medium

Lowmedium

Low-medium

Low

Low

Medium/
high

High

Medium

Technology change

Rapid

Rapid

Rapid

Rapid

Slow

Medium

Medium

Change favoring

Coal

Oil & Gas

Balanced

Non-fossils

Regional

Efficiency &
dematerialisation

‘Dynamics as
usual’

Population growth

Land-use changes

5

(~15billion)

Figure 2.1: GHG emissions under the 6 different SRES emissions scenario groups
from year 2000 to 2100 with no additional climate policies

Source: (Pachauri & Reisinger, 2007)

Figure 2.1 is from the AR4, the 2007 climate change synthesis report. It portrays the range of
post-SRES GHG emissions (including CO2, CH4, N2O and F-gases) scenarios found in the
literature under the then-current climate policies. The dashed lines represent the maximum
and minimum emissions for the scenarios. The coloured lines indicate the central tendency
for emissions paths for the different scenarios. The shaded area gives the collective 80 per
cent confidence interval for all emissions scenarios. This comparison indicates the divergence
of modelled GHG emissions as the century progresses, depending on the levels of the driving
factors of population change, economic growth, and energy use.
The writing team of the SRES emissions scenarios deliberately excluded the most extreme
projections found in the literature, hence the SRES emissions scenarios largely fall within the
80 per cent margin of all emissions scenarios found in post-SRES literature. The shaded area
in the figure above thus represents a consensus view of GHG emissions until 2100.
It can be seen that the A2 scenario group results in the highest emissions projections in year
2100, increasing almost steadily throughout the 21st century. In contrast, A1T and B1 end
almost with similarly low emissions at the end of the century and follow more or less the
same GHG emissions path until 2030, with emissions post-2030 being slightly higher for
A1T. B2 and A1B both have medium emissions projections by the end of the century;
however, they have quite different emissions pathways. B2 steadily rises throughout the
period, while A1B has a concave emissions path with decreasing GHG emissions in the last
two decades. One important thing to note, when looking at the different groups, is that

6

different driving factors (hence different groups) can lead to same outcomes in emissions
projections.
However, a trend can be observed between expected population size, economic convergence,
technology change and primary energy use. The A2 groups with the projected high
population, economic and technological divergence are in the very high percentage of the
projected emissions, while the B1 groups with the smaller projected population and
advanced, dematerialized, and economically converged word-society are projected to emit
less CO2 in 2100.

2.2

SRES and climate change

The different parameters or driving factors discussed above are used as inputs for climate
change computer models, which then produce outputs regarding temperature, CO2
concentrations, sea-level, precipitation and more. Several research groups maintain such
models. A frequently referenced computer model is the HadCM3, the third version of a
coupled atmosphere-ocean global climate model developed by the UK Hadley Centre for
Climate Predictions and Research (Fischer, Shah, Tubiello, & Velhuizen, 2005). Other global
climate models (GCM’s) include HadCm2 (uses data from the Third Assessment
Report)(Pachauri & Reisinger, 2007), CSIRO, NCAR-PCM and CGCM2 (Fischer et al.,
2005). They all process the different SRES emissions scenarios to determine the relationship
between CO2 concentrations on the one hand and temperature changes and precipitation
changes on the other (Fischer et al., 2005). CSIRO, The Commonwealth Scientific and
Industrial Research Organisation’s coupled model, is based on global atmospheric, oceanic,
sea-ice and biospheric sub-models (Fischer et al., 2005). It uses the A1B, A2, B2 and B1
emissions scenarios as inputs in the model. NCAR-PCM, is the Parallel Climate Model
operated by the National Center for Atmospheric Research, and contains atmospheric and
oceanic variables (http://www.ipcc-data.org/ar4/model-NCAR-PCM.html). It uses the A2 and
B2 emissions scenarios to make climate projections. CGCM2, the Canadian Global Coupled
Model, also uses the A2 and B2 emissions scenarios. This is the second version of the model
developed by the Canadian Center for Climate Modelling and Analysis
(http://www.cccma.ec.gc.ca/models/cgcm2.shtml).
The results of the GCM’s can then be fed into models that estimate crop, animal, and forest
production. For example, dynamic crop models like the DSSAT or EPIC. DSSAT, the
Decision Support System for Agrotechnology Transfer, is a widely-used tool that combines
crop, soil and weather data to project outcomes of different crop-management strategies
(http://www.icasa.net/dssat/). It was developed in collaboration between ICASA and several
US universities. EPIC, the Erosion Productivity Impact Calculator, is also a plant growth
model, and it calculates the potential growth of crops as a function of solar irradiance,
temperature, precipitation and crop characteristics (http://daac.gsfc.nasa.gov/agriculture/ais_
sup/crop_mod.shtml). It has been modified to simulate the direct effects of CO2 on plant
growth and water use (Easterling, Chen, Hays, Brandle, & Zhang, 1996).
The GCM results can also be inputs into ecosystem models like the Terrestrial Ecosystem
Model (TEM), which is a part of the NASA-Earth Observing System (http://www.eosids.sr.unh.edu/ids-cycles.html) and describes the carbon and nitrogen dynamics of plants and
soils for terrestrial ecosystems (http://www.archive.arm.gov/Carbon/dataneeds/TEM.html).
The results from the agricultural and ecological models can then in turn be used together with
the Agro-Ecological Zones (AEZ), an FAO-IIASA modelling framework, to find present and
future land resources.
7

Finally, the agricultural and forestry models and the ecological models provide information
useful for economic modelling. They can be used, for example, with the Basic Linked System
(BLS), an economic and food-trade model, or the Lincoln Trade and Environmental Model
(LTEM) (Cagatay & Saunders, 2003; Saunders, Moxey, & Roningen, 2001) to find the
projected impacts on different countries, regions, and commodities (Fischer et al., 2005).
An example of this type of integrated modelling leading to policy information is the
IMAGE/FAIR model. IMAGE (Integrated Model to Assess the Greenhouse Effect) is a
dynamic integrated assessment modelling framework for global change. It quantifies the
relative importance of processes and interactions in the society-biosphere-climate system
(http://www.pbl.nl/en/dossiers/modelsanddata/Models/index.html). It has been used by the
IPCC to model some of the SRES emissions scenarios (http://www.meas.ncsu.edu/
aqforecasting/ICAP/PDF/ICAP_PhaseII_final_JRE.pdf) and by the UNEP for the Global
Environment Outlook (http://www.pbl.nl/en/dossiers/modelsanddata/FAQs/index.html). The
FAIR (Framework to Assess International Regimes for the differentiation of commitments)
model is an integrated part of the IMAGE framework (http://www.mnp.nl/en/themasites/
fair/overview/FAIR_region_model/index.html). It is a policy decision-support tool that aims
to assist in evaluating and exploring environmental and economic implications of
international climate regimes for differentiation of future commitment beyond the Kyoto
protocol (2012), corresponding to the Climate Change Convention of stabilising atmospheric
GHG concentrations (http://www.rivm.nl/bibliotheek/rapporten/550015001.pdf).
The estimates of temperature change and sea-level rise in Table 2.2 are multi-climate model
averages for each scenario group as shown in the AR4 for the predicted global warming
compared with the baseline years average.
Table 2.2: Projected temperature increase and sea level rise under the different SRES scenarios

Temperature increase

Sea level rise

(°C at 2090-2099 compared with
the baseline of 1980 to 1999)

(metres at 2090-2099 compared
with the baseline of 1980 to 1999)

Best estimate (likely range)

Model based range, excl. future
rapid dynamic changes in ice flow

B1 Scenario

1.8 (1.1-2.9)

0.18-0.38

A1T Scenario

2.4 (1.4-3.8)

0.20-0.45

B2 Scenario

2.4 (1.4-3.8)

0.20-0.43

A1B Scenario

2.8 (1.7-4.4)

0.21-0.48

A2 Scenario

3.4 (2.0-5.4)

0.23-0.51

A1F1 Scenario

4.0 (2.4-6.4)

0.26-0.59

Source: (Pachauri & Reisinger, 2007)

One important thing to note is that these predictions do not convey the likely risk of increased
frequency and intensity in extreme weather events such as longer droughts, heavier rainfalls
and stronger winds (Pachauri & Reisinger, 2007).
8

2.3

Impacts on global agricultural production

The IPCC cited FAO research indicating that the growth in world agricultural production
would decline from the historic 2.2 per cent per year over the last three decades, to an annual
rate of 1.6 per cent in 2000-2015 and 1.3 per cent in 2015 to 2030 (Pachauri & Reisinger,
2007). The sections below will look at some of the major agricultural outputs and highlight
different projections in the literature of how climate change is expected to alter agricultural
production over the next few decades from a global and regional perspective.
2.3.1

Impact on crop production

Table 2.3 below is taken from Fischer et al. (2002), which uses the A1F1 SRES scenario in
the HadCM3 model and hence assumes a future where world population peaks in 2050 and
declines to seven billion in 2100. It furthermore assumes an economic convergent society –
industrialised and developing countries becoming technologically similar – that relies heavily
on fossil fuels as energy sources. As seen in the table, this scenario produces large regional
differences in potential projected cereal production. Northern hemisphere countries as well as
most parts of Asia and South and Central America are the regions favoured under these
projections. Regions such as Africa, Oceania & Polynesia, Western and Southern Europe all
show declines in cereal production compared to the 1961-1990 average baseline.
Table 2.3: Impact of climate change on cereal production potentials

Source: (Fischer, Shah, & Velthuizen, 2002)
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Another perspective on the changes in the global cereal production comes from Parry et al.
(2004); Figures 2 to 7 of that article are summarised in Table 2.4. The table indicates
potential percentage changes in cereal yields in the 2020s compared to the 1990 baseline
under different SRES scenarios, using the HadCM3 model. The results are presented with
and without CO2 fertilisation effects.

10

Table 2.4: Effects of climate change on food production, with and without CO2 fertilisation effect

-- A1F1 -Country/Region

-- A2a --

-- A2b --

-- A2c --

-- B2a --

with

w/o

with

w/o

with

w/o

with

w/o

with

w/o

Canada

+5 to 10

+5 to 10

+5 to 10

+ 0 to 2.5

+5 to 10

+2.5 to 5

+2.5 to 5

+ 0 to 2.5

+2.5 to 5

+ 0 to 2.5

North America

+2.5 to 5

+ 0 to 2.5

+2.5 to 5

+ 0 to 2.5

+2.5 to 5

-2.5 to 0

+2.5 to 5

-2.5 to 0

+ 0 to 2.5

-2.5 to 0

Central America

-2.5 to 0

-5 to -2.5

-2.5 to 0

-5 to -2.5

-5 to -2.5

-10 to -5

-2.5 to 0

-5 to -2.5

-5 to -2.5

-10 to -5

South America

-2.5 to 0

-5 to -2.5

+ 0 to 2.5

-5 to -2.5

-2.5 to 0

-10 to -5

-2.5 to 0

-5 to -2.5

-2.5 to 0

-5 to -2.5

Africa

-2.5 to 0

-10 to -2.5

-2.5 to 0

-5 to -2.5

-2.5 to 0

-5 to -2.5

-2.5 to 0

-5 to -2.5

-5 to -2.5

-10 to -5

Russia

-10 to -5

-10 to -5

-10 to -5

-10 to -5

-10 to -5

-10 to -5

-5 to -2.5

-10 to -5

-10 to -5

-30 to -10

China

-2.5 to 0

-5 to -2.5

-2.5 to 0

-10 to -5

+ 0 to 2.5

-5 to -2.5

-2.5 to 0

-10 to -5

-2.5 to 0

-5 to -2.5

Australia

0 to 2.5

-2.5 to 0

0 to 2.5

-2.5 to 0

0 to 2.5

-2.5 to 0

2.5 to 5

0 to 2.5

2.5 to 5

0 to 2.5

Europe

0 to 2.5

-2.5 to 0

2.5 to 5

-2.5 to 0

0 to 2.5

-2.5 to 0

0 to 2.5

-2.5 to 0

0 to 2.5

-2.5 to 0

-5 to -2.5

-10 to -5

-5 to -2.5

-10 to -5

-5 to -2.5

-10 to -5

-5 to -2.5

-10 to -5

-10 to -5

-10 to -5

India

Source: (Parry et al., 2004)
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The results in the table show that the CO2 fertilization effect has a positive impact on
production in all regions. North America’s and Canada’s cereal production seems to be most
positively effected by the different emissions and hence climate scenarios whereas Russia,
Central and South America, and Africa (in general) seem to be most negatively affected by
the different projected emissions scenarios. As before, the CO2 fertilisation effect is shown to
have a great impact.
The charts in Figure 2.2 illustrate these changes in production on a global scale with and
without CO2 fertilisation effects in millions of tonnes. There is an obvious negative impact on
production yields in all the scenarios, but it can be seen that once more, the positive
consequence of the CO2 fertilization effect is illustrated in all the time periods for all the
SRES scenarios, although mostly in the near future.
Figure 2.2: Changes in cereal production

Source: (Parry et al., 2004)

The review of the literature conducted as part of this research revealed a large amount of
research on China. The concern of researchers appears to be that China is a populous country
and a large producer of agricultural products. Any climate change impacts on agriculture
could thus be magnified when viewed through the lens of China. Although China is not the
most important market or competitor for New Zealand, the volume of prior research warrants
some attention.
A general decline in China’s rice production is expected by the IPCC in this century.
However, data from Lin et al. (2005) show a projected general increase in rice production
under the A2 and the B2 SRES scenarios for China, in the second decade of this century, if
the CO2 fertilization effect is taken into account (see Table 2.5).
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Table 2.5: Projected changes in China’s rice production yields compared with production yields
from baseline years 1961-1990 (change in average yield (%) in the 2020s)

Scenario

With CO2 fertilization effect

Without CO2 fertilization
effect

A2: Rain fed

2.1

-12.9

A2: Irrigated

3.8

-8.9

B2: Rain fed

0.2

-5.3

B2: Irrigated

-0.4

-1.1

Source: (Lin et al., 2005)

Not allowing for the possible CO2-fertilization effect from the emissions scenarios leads to
reduced yield estimations under both scenarios and under both production technologies (rain
fed and irrigation).
China’s maize production is also expected to be affected, as shown in Table 2.6. The A2rainfed projection yields the largest increase in production compared with the baseline. By
contrast, the B2-rainfed projection without CO2 fertilization effect produces the largest
decline in production, followed by the A2-rainfed projection without CO2 fertilization effect.
This implies a strong link between the CO2 fertilization effect and growing rainfed maize, and
a much smaller effect of the CO2 fertilization effect when using irrigation technologies.
Table 2.6: Projected changes in China’s maize production yields compared with production
yields from baseline years 1961-1990 (change in average yield (%) in the 2020s)

Scenario

With CO2 fertilization effect

Without CO2 fertilization
effect

A2: Rain fed

9.8

-10.3

A2: Irrigated

-0.6

-5.3

B2: Rain fed

1.1

-11.3

B2: Irrigated

-0.1

0.2

Source: (Lin et al., 2005)

China’s wheat production also exhibits the same large impacts from CO2 fertilisation. Table
2.7 presents figures for the same scenarios and production technologies as before. It indicates
large CO2 fertilization effects on projected yields, especially the A2-rainfed scenario. If the
CO2 fertilization effects are unaccounted for, production yields fall by as much as 18.5 per
cent under the A2 rain fed scenario. Again the CO2 fertilisation effect is diminished
somewhat when using irrigation technologies.
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Table 2.7: Projected changes in China’s rice production yields compared with production yields
from baseline years 1961-1990 (change in average yield (%) in the 2020s)

Scenario

With CO2 fertilization effect

Without CO2 fertilization
effect

A2: Rain fed

15.4

-18.5

A2: Irrigated

13.3

-5.6

B2: Rain fed

4.5

-10.2

B2: Irrigated

11.0

-0.5

Source: (Lin et al., 2005)

Nor is China the only country or region where these impacts are found, as described in the
FAR (Pachauri & Reisinger, 2007). For example, rainfed crop production is expected to
increase in North America by as much as 5 to 20 per cent in the early decades of this century
under moderate climate change projections. In Northern Europe, wheat yield is expected to
increase by three to four per cent by 2020. However, rainfed crop production could be
reduced by as much as 50 per cent in some African countries by 2020.
2.3.2

Impact on livestock production

The FAR identified several regions around the world that are expected to experience changes
compared to the baseline year of 1990. Generally, the report anticipated an increase in
temperature until 2030, ranging from one to three degrees Celsius, along with a CO2
fertilisation effect. These conditions would tend to favour pasture production in temperate
regions like China and Argentina and New Zealand. Furthermore, the HadCM3 model under
the SRES A2 emissions scenario simulated that the Argentinean and Uruguayan pampas
production would increase by one to nine per cent by 2020 (Pachauri & Reisinger, 2007).
Warmer regions like Australia are, however, expected to experience an average 15 per cent
decline in pasture growth as 20 per cent decreases in rainfall are projected (Pachauri &
Reisinger, 2007).

2.4

Impact on forestry

The IPCC has also considered the impact of climate change on forestry production. In
background information, the FAR cited FAO research indicating that about 60 per cent of
wood harvested in 2004 was industrial roundwood (Easterling et al., 2007), which is used for
manufacturing sawnwood, panels, pulp, fibreboards, etc. (Raunikar, Buongiorno, Turner, &
Zhu, 2008). The remainder of forest production would be for fuelwood. The FAR also
distinguishes between plantation forests as versus ‘natural forests’ (Easterling et al., 2007).
Plantations accounted for 20 per cent to 34 per cent of industrial roundwood at the beginning
of the century, and are expect to increase their contribution to 44 per cent in 2020 and 75 per
cent in 2050 (Easterling et al., 2007).
The FAR reviewed around a dozen publications that estimate the impacts of climate change
on forestry production. By and large, the expectation is that increased CO2 and increased
temperatures will lead to greater production. The findings are not, however, unanimous in the
specific impacts. For example, the impact on North America is unclear, with findings of
14

decreases for the continent overall, but increase for the US and decreases for Canada.
Production in Russia was found to decrease in one publication, but another report that
Siberian production would increase. Impacts in Europe are mixed, with increases in the North
and West and decreases in the East. Finally, New Zealand was found to have a 10 per cent to
12 per cent increase in production (Easterling et al., 2007).
An example of the type of modelling undertaken for forestry is Raunika, et al. (2008). The
authors used the IPCC SRES emissions scenarios for simulations with the Global Forest
Products Model (GFPM) and projected several implications for forest production. Using the
A1B and the A2 scenario, they predicted the per cent change in fuelwood production (per
cent) in different countries between year 2006 and 2060. As shown in Table 2.8, under these
two IPCC SRES emissions scenarios, fuelwood production will increase by 2060, with Japan
and USA experiencing the largest increases.
Table 2.8: Predicted growth in fuelwood production, 2006-2060 (%)

Country

Scenario A1B

Scenario A2

Canada

3.9

1.1

USA

5.8

2.3

Brazil

3.2

1.1

Indonesia

3.1

1.3

Japan

10.1

2.3

Finland

5.0

2.0

Russian Federation

4.2

1.3

Sweden

4.1

1.5

Source: (Raunikar et al., 2008)

As a result of these impacts, the FAR projects that prices for forestry products would be
expected to fall. The price decrease would benefit consumers of forestry products but
disadvantage producers.

2.5

Projected changes for New Zealand’s pasture production

The IPCC’s fourth report projects that pasture production in New Zealand’s Western,
Southern and high altitude areas is likely to increase 10 to 20 per cent by 2030, although
gains may decline thereafter (Pachauri & Reisinger, 2007). By 2030, the Eastern and
Northland area pasture productivity are likely to decrease with higher drought occurrences
(Pachauri & Reisinger, 2007).
Pasture production projections for the 2020s are also described in the MAF report by Baisden
et al. (2008). In order to create the estimates in the report, researchers started with results
from the IPCC TAR, using a temperature scenario corresponding the lower 25 per cent of the
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entire IPCC TAR climate scenarios range. NIWA then downscaled results from the HadCM2
model to provide a more detailed picture of climate change impacts on New Zealand.
Additional modelling was also performed using results from the FAR and the HadCM3
model.
The Baisden et al. (2008) research obtained a range of results. Using an IS92 IPCC mid-range
emissions scenario and the HadCM2 model, an averaged yield projection of five sites in New
Zealand (Gisborne, Gore, Kerikeri, New Plymouth and Winchmore) was estimated. The
result was a projected increase in pasture dry matter of eight to ten per cent compared to
baseline year 1990. On the other hand, using the latest IPCC FAR emissions scenarios and
the HadCM3 model, the research estimated that average production levels of high-producing
pasture areas in 2030-2040 period would be 100.2 per cent of baseline production –
essentially unchanged. The research also investigated the impact of weather variability, and
found that production in dry years would be only 51.9 per cent compared to median year of
the 1989/90 baseline.
Projections for sheep and beef production were made in the Baisden et al. (2008) report,
based on both the average changes in production and the ‘worst year’ impacts with low
rainfall. Again, a number of projections were obtained. Some estimates examined the impact
of both low temperature changes and high temperature changes using the IPCC TAR data and
the HadCM2 model. In those cases, production in the 2030s was projected to change by -6.1
per cent and -8.8 per cent, respectively, compared with 1972-2002 average baseline (Baisden
et al., 2008). Other projections considered production with the same low and high
temperature changes but in dry, ‘worst year’ conditions. Those estimates found production
change of -42.7 per cent with low temperature changes and -46.0 per cent with high
temperature changes (Baisden et al., 2008). These estimates were further compared to ‘worst
year’ data from 1972 to 2002. In that period, the ‘worst year’ average corresponded to a
change of -33.5 per cent in production, compared with the average production over the whole
period. This result suggests that production variability can be expected to be greater in the
future than in the past, as a result of climate change.
Baisden et al. (2008) also made projections of dairy production for New Zealand. Projected
production changes for the 2030s were -2.8 per cent for low temperature changes and -4.3 per
cent for high temperature changes, compared to the 1972-2002 average baseline. These
results were based on the TAR emissions scenarios and the HadCM2. These projections were
small compared to the ‘worst year’ projected impacts. Those impacts were estimated at -43.4
per cent and -46.3 per cent of the base using low and high temperature changes, respectively.
By comparison, the historical ‘worst year’ estimate for 1972 to 2002 was -36.7 per cent.
Thus, New Zealand dairy production will also have greater variability of production with
climate change.

2.6

Summary of climate change impacts

This chapter has reviewed some of the research undertaken by the IPCC and others to
consider the impact of population growth and other trends on production of greenhouse gases
and the implications for climate change. The associated changes in temperature, rainfall, and
concentration of CO2 are expected to have impacts on agricultural and forestry production;
findings regarding these impacts were also summarised. The impacts varied by country and
commodity, and varied according to the timeframe considered. In addition, there was some
uncertainty in the results, indicated by the ranges of values presented in some cases. The
values will serve as parameters for defining modelling scenarios to be considered using the
Lincoln Trade and Environmental Model.
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Chapter 3
Currently Available Mitigation Technologies
A number of options have been developed for mitigating greenhouse gas emissions from
agricultural sources. They are reviewed and discussed in this chapter.

3.1

Mitigation of gases

Recently, there have been several peer-reviewed articles published about greenhouse gas
abatement and mitigation for the agricultural sector. Methods for abatement of enteric
methane (CH4) emissions are discussed in detail in Beauchemin et al. (2007) and de Klein
and Eckard (2008) have reviewed the literature on nitrous oxide (N2O) abatement and
mitigation technologies. N2O abatement technologies were found to have a higher probability
of success if they either reduced the availability of soil nitrates or improved soil aeration (de
Klein & Eckard, 2008). Technologies discussed in these and other articles are explained
below.
Animal breeding: The breeding of animals for higher milk production efficiency has an added
benefit of decreasing the amount of nitrogen (N) excreted as comparatively more N goes to
milk production than with low milk producing cows (de Klein & Eckard, 2008). de Klein and
Eckard (2008) suggest this may also decrease methane production although this is not
discussed in great detail.
Dietary amendments: Some of the dietary amendments discussed for N2O abatement do not
reduce nitrogen (N) losses, but distribute N more evenly across paddocks, avoiding intensive
urine patches (de Klein & Eckard, 2008). Urine patches are undesirable as they are highly
concentrated and localised sources of readily available N. Particular dietary amendments can
also reduce the amount of N leached from soils. For example, feeding a diet high in salt
supplements to cattle increases water intake decreasing the concentration of N as the animals
produce urine more frequently (Ledgard et al., 2007). Adding 400g of salt per day to diet can
reduce N in urine to 3g/L compared to 9.6g/L where no salt was added (Ledgard et al., 2007).
Adding condensed tannins (extracted from tree bark) to the diets of cattle has also been
shown to reduce the concentration of N in urine and to reduce emissions of CO2 from urine
by 45 mg C m-2 h-1 over normal urine (Liebig, Kronberg, & Gross, 2008). However, when
greenhouse gas flux was measured over experimental urine patches of N enhanced and
normal urine there were no differences in N2O emissions. This study was conducted for a
short period in a single grassland environment. Condensed tannins are also present in
legumes and are thought to be a contributing factor to the observation that animals whose
pasture is substituted partially by legumes, have lower CH4 emissions (Beauchemin et al.,
2007).
Nitrogen efficiency can also be improved by varying the relative proportions of nutrients
within animal diets. For example, in a comparison of N use efficiency between dairy cows
fed on low-protein maize based diet or a control diet of white clover and perennial ryegrass, it
was found that the maize fed cows had higher milk production efficiency (Luo, Ledgard, de
Klein, Lindsey, & Kear, 2008). In simple terms, there was 22 per cent less N2O emissions for
every kg of milk produced. Maize may also reduce CH4 emissions (Beauchemin et al., 2007).
Dietary amendments can also reduce CH4 emissions. Adding lipids to animal diets and
substituting feed with concentrates have both been shown to decrease the amount of CH4
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produced (Beauchemin et al., 2007). Both lipids and concentrates must be used according to
the recommended guidelines. For example, it is not recommended that lipids exceed 7 per
cent of dry matter intake, and in dairy cattle, milk production deteriorates when concentrates
account for more than 50 per cent of feed but each technology can yield emissions reductions
of around 10 per cent compared with a control diet.
The broad-spectrum antibiotic, monensin, which is approved for use in New Zealand, can be
pre-mixed into animal feed or inserted directly into the rumen of animals where it can
decrease ruminal protozoan numbers and increase the level of propionates. This has antimethanogenic effects (Beauchemin et al., 2007). In New Zealand though, monensin has been
ineffective in reducing cattle CH4 emissions but effective for sheep (Pastoral Greenhouse Gas
Research Consortium, 2007). Preliminary results from sheep CH4 trials found that monensin
and a monensin/coconut oil mix reduced CH4 emissions by 20 and 33 per cent respectively
(Pastoral Greenhouse Gas Research Consortium, 2007). When pasture was substituted with
chicory, CH4 reductions were as high as 37 per cent (Pastoral Greenhouse Gas Research
Consortium, 2007).
Nitrification inhibitors: There are currently three nitrification inhibiting products available
for sale in NZ, all of which have the same active ingredient, dicyandiamide (DCD). DCD
works by inhibiting nitrification of N, slowing nitrification, increasing ammonia retention in
soils and reducing N2O emission rates (Kelliher, Clough, Clark, Rys, & Sedcole, 2008). Even
across a wide temperature gradient, DCD appears affective on a range of different soil types
in New Zealand with average emissions reductions of 70 per cent (H. J. Di & Cameron, 2006;
H. J. Di, Cameron, & Sherlock, 2007). Nitrification inhibitors can be delivered to pasture by
feeding a bolus to stock which would pass unaltered through a ruminant’s digestive system
and are deposited onto urine patches (de Klein & Eckard, 2008).

3.2

Methane capture

In some cases, livestock manure can be collected and held in heated tanks, and the resulting
decomposition gases (i.e., CH4)used to produce electricity, or flared to release the CO2 which
has a smaller global warming potential than CH4 (McIntosh, 2000). The potential of using
biogas instead of a fossil based fuel is large; it is estimated that biogas from manure capture
is capable of replacing 4 per cent of annual electricity which is currently produced by coal in
the United States (Cuellar & Webber, 2008). In New Zealand, anaerobic ponds are used to
treat waste water and are a source of considerable emissions (Craggs, Park, & Heubeck,
2007).

3.3

Sequestration

Soil carbon sequestration is a method of fixing carbon into soil by way of soil organic matter,
also called soil organic carbon (SOC) (Lal, 2004).
Conservation tillage/no till farming: Conservation tillage is the umbrella term for farming
methods that reduce the number of times an area is tilled. Conservation tillage reduces energy
use (Uri, 1999), decreases soil erosion and increases carbon storage in soils (Jacobs, Rauber,
& Ludwig, 2009; Lal, Follett, Stewart, & Kimble, 2007). Conservation tillage covers no
tillage (where crops are planted directly into previous years crop residue; McIntosh 2000,
Sullivan (2003), strip tillage (where a raised mound is planted while strips of crop residue
between each mound are left undisturbed; (2000)), and minimum tillage (where soil is not
turned over).
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A long term (40 year) study on two sites in Germany found that minimum tillage treatments
increased storage of organic matter and in turn an increase in soil organic carbon and nitrogen
compared to conventional tillage on the same soil (Jacobs et al., 2009). A comparative study
of 10 different uses of the same soil type showed that carbon sequestration always occurred
in the presence of macroaggregates, that is particles larger than 250 micrometers (Grandy &
Robertson, 2007). When macroaggregates are disturbed or destroyed on a regular basis, for
example if soil is tilled annually, the long term persistence of stored carbon in the soil is
jeopardised (Grandy & Robertson, 2007).
Carbon sequestration potential of afforestation: Sequestration from agroforestry is an option
for the mitigation of agricultural greenhouse gases. In a study of degraded land in Brazil, a
severely eroded gully was replanted with nitrogen fixing leguminous species. The rates of
soil nutrients were compared to a patch of undisturbed native forest and a deforested area
colonised naturally by a pasture grass (Macedo et al., 2008). After 13 years soil C and N
levels were higher in the replanted area than in deforested area, but not as high as the
undisturbed forest (Macedo et al., 2008). In an Australian study, the above (including leaf
litter) and below ground carbon and nitrogen storage of a 16 year old pine plantation was
compared with an adjacent native pasture (Guo, Cowie, Montagu, & Gifford, 2008).
Although soil stored carbon and nitrogen were lower in the forested area than the grassland,
the above ground biomass and the leaf litter storage were significantly higher than for native
pasture (Guo et al., 2008). Below ground carbon storage has also been shown to be lower in
hoop pine plantations in Australia, than in neighbouring native pasture and secondary
rainforest (Richards, Dalal, & Schmidt, 2007).
Although it may not be practical to replace pasture with plantation timber in many areas, it
may be possible to incorporate stands of plantation trees such as radiata pine on marginal
areas of farms, such as eroded gullies.
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Chapter 4
Consumer Responses
The model of international trade that will be used to analyse the economic impacts of climate
change on New Zealand, the LTEM, includes demand equations. By modifying the
parameters of these equations, the reactions of consumers to climate change and other
environmental issues can be incorporated into the model. Prior economic research on climate
changes has tended not to include demand effects. However, prior trade modelling has found
that demand impacts can be larger than supply impacts in the agricultural sector (Kaye-Blake,
Saunders, & Cagatay, 2008; Saunders & Cagatay, 2003). They are thus an important
consideration from the point of view of New Zealand’s economic future.
Generally speaking, consumer or final demand is a function of consumer preferences and
commodity prices. This general statement, however, belies the complexities of consumer
demand and its relationship to the environment. This section of the report provides a brief
look at the literature on consumption and the environment. The challenge for the next phase
of the research will be to decide how to model consumer reactions in a way that provides
meaningful results concerning New Zealand economy.
A key parameter in the model will be the demand for sustainable goods. This demand will be
incorporated into the model by a shift in demand that represents the higher prices consumers
are willing to pay for sustainable goods. The amount of the shift will be determined by a
review of the economic literature on willingness to pay for environmental benefits. This
literature is reviewed below. However, before it is reviewed, there are a number of issues that
should be considered.

4.1

Environmental impacts

The basic framework is that agricultural and forestry products can be produced using a
number of different techniques with different environmental consequences. A simple
distinction can be made between commodities produced using conventional technologies and
those that are more environmentally friendly or sustainable. As Kotchen (2005) has
discussed, these ‘green products’ or sustainably produced commodities can be seen as impure
public goods: they have both private and public characteristics. The private characteristics are
shared in common with the conventional products, and the green products may also have
additional private characteristics. The public characteristics are those concerning the
environmental impacts. These impacts may be non-rival and non-excludable – my enjoyment
of a stable climate does not reduce your enjoyment of it, and I cannot prevent you from
enjoying the stability that my purchases support. The demand for green products will depend
on prices, production technologies, the state of the environment, and the availability of
substitutes.
The concern about the role of consumption in producing environmental outcomes is not new.
Mitchell (2001) pointed to the contributions made by Thorstein Veblen a hundred years ago
(Veblen, 1970[1899]), especially on the topics of waste and over-consumption. Since the
topic has a long history, it also has a large literature, more than can be summarised here.
However, the key point with regard to the present research is that the link between
consumers’ preferences and environmental impacts is loose and uncertain. There are several
reasons for this.
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One reason for the weak link is the presence of substitutes. If consumers want greater
environmental benefits, they may be able to have them either through buying green products
or through other means, such as donating to environmental causes. This means that
environmental preferences of consumers will be only partly expressed through their
purchases. The trade model considers only purchases within private markets, so can only
consider the environmental impacts from these bundled impure public goods. The impact of
consumers’ full portfolio of behaviours is not included.
A second issue has been raised with regard to the link between preferences and
environmental outcomes: the systematic nature of consumption. For this modelling work, a
key assumption is that consumer preferences are an important consideration in the market.
Preferences regarding environmentally friendly or sustainable production methods directly
affect demand for products and therefore prices. Price acts as a signal to producers to change
production technologies. However, the importance of this mechanism has been disputed by a
number of authors, who approach consumption from a systems perspective (Paterson, 2007;
Conca, Princen, and Maniates, 2002). Consumption is seen as embedded in a social system,
especially as a central part of the consumer-focused economy. The products consumed, such
as automobiles, are part of systems of provision, institutional structures, and personal
identities build up over many years. Eco-consumerism may not be the best way to achieve
environmental reforms, because of the systemic nature of consumption and the fact that
decisions regarding what to produce and how are made by producers (Buttel, 2003). These
concerns echo the work of Galbraith on the organisation of industrial capitalism (Galbraith,
1967).
Furthermore, even where consumers are able to signal their environmental preferences
through the market, the distribution of preferences for sustainably produced goods in the
population will affect the extent of the environmental benefits from these goods (Eriksson,
2004). If support for green products is concentrated, then firms can establish profitable niche
markets targeting those consumers, but the environmental benefits would be comparatively
small.
It is also important to consider the type of consumer when investigating the impact of prices.
An assumption of price theory is that consumers are willing to make trade-offs across their
different preferences, so that a lower price can compensate for a worse environmental profile
of a product. However, the ethical position of consumers has been shown to be an important
consideration (Gelso & Peterson, 2005). Individuals with consequentialist perspectives will
fit in a cost-benefit framework, where price is a key factor. People with a deontological
worldview – one based on duties and rights – are more likely to have an ethical approach to
behaviour and therefore fixed demand regardless of price, at least within some range of prices
and incomes.
Another consideration is the difference between perceived environmental impacts and actual
impacts. Highly visible or highly publicised efforts, such as reducing the use of stand-by
modes for televisions, may have only small impacts on the environment (Biebeler,
Mahammadzadeh, & Bardt, 2007). If consumers with strong environmental preferences are
mistaken about the environmental consequences of their purchases (or use of purchases), then
the link between preferences and outcomes may be weak. In addition, it may be difficult to
provide consumers with the information they want. One important source of information for
consumers is product labelling. The idea that labels can provide environmental information
has therefore gained currency, and led to different labels purporting to indicate the
environmental impact of specific products. Eco-labels may not be able provide full and
complete information to consumers regarding the environmental consequences of production,
especially for products with complex processes or supply chains (Bruce & Laroiya, 2007).
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Although the link between consumer preferences and environmental outcomes may in fact be
weak for the reasons indicate above, these concerns do not completely remove the importance
of thinking about price and consumer demand. Given the priority of market-led approaches to
sustainability by governments in industrialised countries (Seyfang, 2004), it is important to
examine the potential environmental impacts of prices and preferences. Price-based policies
can be effective in reaching environmental goals (Van den Bergh, 2008). There may be a
number of other policies that could also work, such as setting environmental standards for
products or supporting information provision, but prices will continue to be a key market and
policy consideration. It is therefore important to understand how changing prices for
conventional commodities and green products, combined with shifts in consumer preferences,
affect international trade movements and New Zealand’s economic future.

4.2

Willingness to pay

A key parameter for the trade model, and a central focus of economists, is willingness to pay.
Consumers are willing to pay to obtain products that satisfy their preferences. If consumers
have preferences for environmentally friendly products, then it is axiomatic that they will pay
for these products. Some important questions that arise are how much consumers are willing
to pay, how many consumers or what fraction of the market shares those preferences, and
who these consumers are. These topics are all discussed below.
It is important first to recognise the limitations of the economic values estimated for
environmental goods. The problem of hypothetical bias – that what people say is not
necessary what they will do – is well known (Bateman et al., 2002). A lot of work has gone
into reducing the impact of hypothetical bias (e.g., Lusk, 2003), and research does suggest
that well-designed surveys can generate accurate economic values of non-market goods
(Murphy, Allen, Stevens, & Weatherhead, 2005). However, there are still a number of other
limitations with regard to these valuations. For example, technical issues arise when trying to
measure the impact of changes in the environment on consumers. One technical issue is
whether to measure the impact by willingness to pay (WTP) or by willingness to accept
(WTA), which can yield different values (Bateman et al., 2002; Ebert, 2008). Another issue is
whether consumer surplus accurately measures the change in welfare (Ebert, 2008). In
addition, the survey techniques used to gather WTP data, such as the payment method or the
mechanism for providing the environmental benefit, can significantly affect the price
estimates (Bateman et al., 2002; Wiser, 2007).
Regardless of these known limitations, the prices that consumers appear to be willing to pay
for products with environmental benefits are important market considerations. They are also
important inputs for the modelling to be undertaken. Therefore, the following discusses some
of the findings regarding willingness to pay.
Values from tourism. Parts of the tourism industry rely on natural spaces for in their appeal to
tourists. Environmental values derived from studying consumer can therefore give an
indication of the sorts of monetary values that consumers could assign to environmentally
friendly products. In particular, it can indicate consumer behaviour when a commodity goes
from being free to having a cost, as may happen with carbon emissions. In one study on the
national marine park in Zakynthos, Greece, is such an example with 80 per cent of
participants willing to pay between 1 and 100 Euros for visitation (Togridou, Hovardas, &
Pantis, 2006). Although Greeks displayed more environmental appreciation than foreigners,
nationality was not an important factor when willing to pay. Therefore regionalism was not a
factor with consumer willingness to pay, however different environmental priorities did exist
between local and foreign visitors. In Uganda, a case study discovered that bio-diversity
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played an important factor in determining which park tourists were willing to visit (Naidoo &
Adamowicz, 2005). The study discovered that the differing number of bird species played an
important factor in the desirability of each park. Consumers were willing to pay for the
variety of birds; $18.032 for 20 species and $40.413 for 80. However, doubt remains as to the
sustainability of these plans when factoring in the cost of park maintenance.
Values from energy. Energy consumption is the main source of carbon emissions therefore
environmentally sustainable power is often initially embraced by consumers. Alternative
power sources were the focus of research in Norway undertaken to understand consumer’s
willingness to pay for conservation. The results showed that the majority of Norwegians
preferred investing in wind farms as opposed to importing coal and building more
hydropower or gas fired plants. Preference was shown towards a collectivisation of wind
farms, with fewer large scale farms over many smaller ones to preserve scenery. Consumers
were willing to pay an annual rate of 1087 Norwegian Kroner per household for wind power.
However this figure dropped to 567 Kroner if many wind farms were built instead of fewer
large scale projects. This increased to 698 Kroner if medium sized turbines were used
(Navrud & Braten, 2007). These results suggest that sustainably produced energy has a value,
but that individuals are making judgements about the desirability of different types of
projects. Consumers are evaluating the method or process for achieving sustainability.
Values from conservation. The island of Crete is facing pressure on its water supplies. From
2007, Crete has faced severe fresh water shortages, forcing farmers to consider using
alternatives to fresh water. Research was undertaken to assess whether farmers were willing
to use recycled water (Menegaki, Hanley, & Tsagarakis, 2007). For farmers, recycled water is
an inferior good and has potential consequences for their marketing. Thus, farmers were
willing to pay for recycled water at 55 per cent of the fresh water price. This example
demonstrates that environmentally friendly products are not necessary more highly valued; in
some cases, user of these products may demand a discount.
In the United States consumer willingness to pay for conservation was measured against
uncertainty (Roberts, Boyer, & Lusk, 2008). This was used to approximate how consumers
would respond to environmental measures aimed at reducing algae and agricultural run-off.
Results found that including uncertainty in the survey instrument affected how consumers
responded: the estimated willingness to pay for environmental improvements was greater
under uncertainty than under certainty. Given the uncertainty associated with climate change,
this issue of the interaction of willingness to pay and outcome uncertainty is important.
Values from consumer goods. Consumer goods can be produced in a number of different
ways. The method of production becomes part of a bundle of attributes represented by the
commodity. The production method may not be verifiable at the point of sale, in which case it
becomes a credence attribute (Darby & Karni, 1973). Consumers must believe or have faith
that the good delivers this attribute without having proof that it does. Labels are a key source
of product information regarding credence attributes, and have been included in a number of
studies. Labelling was the focal point of research conducted in the United States regarding
attitudes towards fair trade, shade grown and organic coffee (Heidkamp, Hanink, & Cromley,
2008). The results found that ranking the value placed on each of the initiatives, shade grown
and fair trade were more important to consumers than organic. The consumer willingness to
pay was higher for coffee that was labelled as being shade grown or conducive to fair trade.
However a possible amalgamation of the causes remains a possibility. Some consumers were
willing to pay an extra $1.50 a pound for fair trade coffee and an additional $1.50 on top of
that if it was organic. This is an extra $3.00 a pound some consumers were willing to pay for
a combination of fair trade or shade grown and organic coffee. Consumers were therefore
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willing to pay substantially more for a product that they believed was produced in an
environmentally friendly fashion.
Organic food has been examined in other research. In Bangkok over a third of respondents in
a study involving 848 people reported purchasing organic vegetables (Roitner-Schobesberger,
Darnhofer, Somsook, & Vogl, 2008). According to their research, organic produce had a
price between 100 per cent and 170 per cent higher than conventional produce. This research
provides evidence that there is willingness to pay for organic products, even in developing
countries. However, the author described a lack of a single certified label in Thailand. The
issue of willingness to pay for credence attributes, such as method of production, is thus
confounded with the issue of credible labelling.
An additional issue highlighted in the coffee example above is that consumers appear to make
distinctions between different environmentally friendly products. In another example, a
survey of catalogue data from the United States showed that a significant price premium
existed for garments made with organic cotton. Organic cotton enjoyed a 38 per cent increase
over ordinary apparel (Dasgupta, Meisner, & Wheeler, 2007). In contrast no price premiums
were found in the area of either low impact or environmental dyes. The implication for
producers is that although a production input or method may be environmentally friendly, it
may not be embraced by consumers. Again, credible labelling and the existence of standards
may also play a part in consumers’ decisions.
Summary of values. This section has presented a few examples of research demonstrating the
value of environmentally friendly or green products. They indicate that methods of
production with environmental benefits can be of greater value to some consumers. The
results also indicate, however, that green products are not necessarily of value to all
consumers; that some green products are more highly valued than others; that a host of other
issues like uncertainty and labelling are also important; and that individuals may want to be
compensated for taking steps to care for the environment. In the realm of non-market
valuation, some effort has gone towards producing transferable values of environmental
goods for New Zealand (http://www.lincoln.ac.nz/nonmarketvaluation/), but widely accepted
values for environmental benefits or impacts have yet to be established.

4.3

Consumer variables and preferences

When discussing consumers’ attitudes towards environmental goods it is necessary to
consider the factors that motivate consumers’ willingness to pay for these products. In some
instances consumers will be motivated by personal benefit when deciding to purchase
environmental goods. Environmental goods may directly benefit the consumer through a
reduction of price or health benefits. Alternatively consumers may be influenced by indirect
concerns such as a sense of civic duty or fairness. The consumer’s income, age, gender, even
level of education can all factor into the decision making process. A personal commitment to
the environment as a whole or perhaps an individual environmental issue may be of personal
significance to the consumer.
One of the most effective methods in ensuring that environmental goods are attractive to
consumers is by offering benefits that accrue to the consumer. For example, a key driver of
consumption of organic food is the belief that they provide greater nutrition for the consumer
(Hughner, McDonagh, Prothero, Shultz II, & Stanton, 2007). This general result affected
results from some of the survey discussed above (e.g., Roitner-Schobesberger et al., 2008).
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Another example of the importance of personal benefit comes from a study based in Spain on
willingness to pay for agricultural development (Kallas, Gomez-Limon, & Arriaza, 2007).
The rural population displayed a greater willingness to pay for new employment in the
agriculture sector. The maintenance of rural numbers was also cited as a priority. These goals
were in marked contrast to the urban population which displayed a preference towards
reducing endangered species and food safety. Job creation in the agriculture sector as well as
maintaining rural numbers are obvious examples of self interest.
Personal variables play a factor when analysing consumers’ attitudes towards environmental
goods. These variations can relate to gender, parental status, income, age and more. A
striking example in which personal circumstances have directly effected consumers’
decisions is the gender study concerning water quality in Canada. The results found that
parents were more willing to pay for an improvement in water quality than non-parents
(Dupont, 2004). This suggests that parents have an increased personal stake in reducing
environmental damage inherited by the next generation. Concern for their children elevates a
parents’ willingness to pay over their childless counterparts. However parental differences are
not the only factor when discussing consumer variables. The study also revealed marked
differences in the importance placed on water quality between males and females. This can
be attributed to the fact that water activities were divided into three categories, boating,
fishing and swimming. Fathers were prepared to pay significantly more than mothers for two
out of the three activities. Ultimately this means that consumers’ willingness to pay can be
directly influenced by the personal stake they have in the environment.
Alternatively this stake can be based on the location within a country the consumer resides.
As covered earlier, research suggests that Norwegians collectively show a strong willingness
to use environmentally friendly power. However the rural population experienced a lower
willingness to pay in contrast to consumers located in urban centres. This is thought to be a
result of the fact that any wind farms built will be centred in the countryside away from urban
areas. Consumers’ experienced a lower willingness to pay for wind power when they had a
house in a region with wind turbines (Dupont, 2004). A notion strengthened due to the
preference by Norwegians for fewer large scale farms over many smaller ones. The reason
echoes a major argument against wind farms; less farms necessary to preserve the rural
landscape.
Some environmental goods will be significantly more attractive towards consumers who fit
certain characteristics. The market for organic vegetables in Bangkok is a prime example
(Roitner-Schobesberger et al., 2008). Consumers that were willing to pay for organic produce
tended to be older, highly educated and commanded higher incomes. These three variables all
factor into the consumer willingness to pay for organic vegetables. The fact that consumers of
organic produce were generally on a higher income is relevant when considering the pricing
the goods command. Clearly a higher income would be beneficial towards consumers
adopting the product over standard vegetables. As covered previously, one of the main
reasons for consuming organic was a perceived health benefit. This is likely to be an
important theme amongst older participants who it can be assumed are more health
conscious.
The willingness to pay for environmental benefits is not uniformly distributed across the
population. A number of personal variables have been assessed for their impacts on intentions
to purchase and willingness to pay for environmentally friendly goods. For example, personal
attitudes and social norms are associated with intentions to purchase green products (Vermeir
& Verbeke, 2008). In addition, the level of confidence consumers have the information they
are provided about the products also significantly affects their demand (Vermeir & Verbeke,
2008). Another factor affecting consumer demand is the civic-mindedness of the population;
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consumer who are more civic-minded are more willing to contribute to environmental efforts
(Owen & Videras, 2006). Other researchers have linked an individual’s ethical stance to
willingness to pay for environmental improvements (Spash, 2000). Individuals who view the
environment from a deontological perspective not only have higher willingness to pay for
environmental outcomes, but view the issue cost-benefit tradeoffs in a different way than
other people.

4.4

Supply chain issues

Another facet of consumption to bear in mind is the ability of firms in the supply chain to
affect the flow of goods to the market, thereby constraining the choice set of consumers. This
is known as the ‘gatekeeper’ effect: firms may act as gatekeepers or nightclub bouncers,
selecting products for entry while excluding others.
Highly visible in this gatekeeper role have been supermarkets. One example is Waitrose,
which has indicated that its produce will be produced more sustainably by 2010.
Sustainability, in this case, is achieved by minimising pesticide use, protecting wildlife, and
conserving natural resources like water and soil. Another UK supermarket company, Tesco,
sets environmental standards for its food through its Nature Choice programme. Tesco also
announced an initiative to carbon footprint all the products in its shops. The high-end retailer
Marks & Spencer introduced a label to indicate that products had been shipped by air. Other
carbon labelling schemes are being trialled or developed in Sweden, France, Germany, Japan,
and other countries.
The examples above are a combination of types of schemes. Some schemes provide
consumers with information, which allows consumers to determine how much they care
about buying products with high carbon footprints. Other schemes require products to meet
specific minimum standards. This is true, for example, of Waitrose’s initiative regarding
sustainable produce, and is also true of audit schemes like EurepGAP and GlobalGAP. With
the first type of scheme, it is ultimately consumer preferences that will determine the price
differentials between products with small and large carbon footprints, or between products
that are ‘climate friendly’ and those that are not. With the second type of scheme, the
gatekeepers make decisions about which products will be offered to consumers. In those
cases, producers must meet the requirements of the gatekeepers, regardless of the potential
consumer demand for their products.

4.5

Summary of consumer responses

The research reviewed above – and other literature on consumer behaviour – clearly indicate
the willingness on the part of some consumers to support environmental values by paying
more for goods and services. Consumers are clearly heterogeneous in this willingness to pay,
however, and there are confounding impacts from labelling, information, social norms,
uncertainty, and more. As a result, although there is a clear willingness to pay for green
products, the size of the premium and the products to which it applies are unclear. To inform
the trade modelling, some simplifying assumption will need to be made.
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Chapter 5
Future Research
The research reviewed in this report provides the necessary data for analysing the economic
impacts of climate change using a model of international trade in agricultural commodities.
Research is currently underway to build such a model on the platform of the Lincoln Trade
and Environment Model (LTEM) (Saunders et al., 2001), with a country and commodity mix
specific to the issue of climate change. The LTEM is a non-spatial, partial equilibrium model
of international agricultural trade developed originally from SWOPSIM (Roningen, 1986),
later VORSIM (Roningen, 2007; Roningen, Dixit, Sullivan, & Hart, 1991), and its model
structure. Furthermore, it is a synthetic model, based on parameters taken from the literature.
The modelling will include 17 specific countries or regions plus the Rest of the World
(ROW), and will contain 25 commodities, including three for the oilseed complex, five for
the dairy industry, and three forestry products.
The LTEM can explicitly consider various domestic and border policies, including
production quotas, set-aside policies, input and/or output related producer subsidies/taxes,
consumer subsides/taxes, minimum prices, import tariffs and quotas, and export subsidies and
taxes. The parameters associated with these policies can be modified to simulate policy
changes in order to estimate their economic impacts.
The dynamic framework of the LTEM allows the paths of endogenous variables to be
assessed through the modelled time period, and a comparative statics analysis can be
conducted by comparing different years or the final results of different policies. The model
seeks a price equilibrium of a series of production, consumption, and trade equations for each
year, solving each year in succession until the final period. The structure of the model is
based on a set of supply and demand equations and one economic identity for each
commodity in each country.
For each country and each commodity, it will be possible to specify impacts on the supply
and demand sides of the market. These impacts will be derived from the prior research
discussed above. Where prior research had indicated a potential range of impacts, it will be
possible to use the trade model to assess the impacts of the high and low values of the range.
The result of this future research will be a set of estimates of potential economic impacts of
climate change on agriculture and forestry in New Zealand.

29

30

References
Baisden, T., Greenhalgh, S., Kerr, S., Newton, P., Renwick, J., Stroombergen, A., et al.
(2008). Costs and Benefits of Climate Change and Adaption to Climate Change in
New Zealand Agriculture: What do we know so far? ,
Bateman, I., Carson, R. T., Day, B., Hanemann, M., Hanley, N., Hett, T., et al. (2002).
Economic valuation with stated preference techniques: a manual. Cheltenham, U.K.:
Edward Elgar.
Beauchemin, K. A., Kreuzer, M., O'Mara, F., & McAllister, T. A. (2007). Nutritional
management for enteric methane abatement: a review. Australian Journal of
Experimental Agriculture, 48, 21-27. Retrieved from <Go to
ISI>://000251999300005. doi:10.1071/ea07199
Biebeler, H., Mahammadzadeh, M., & Bardt, H. (2007). European Regulation of Standby
Energy Consumption: The Case of LCD-TVs and TFT-Monitors. International
Journal of Environment and Sustainable Development, 6(3), 242-253.
Bruce, C., & Laroiya, A. (2007). The Production of Eco-Labels. Environmental and Resource
Economics, 36(3), 275-293.
Cagatay, S., & Saunders, C. (2003, May 2003). Lincoln Trade and Environmental Model: An
agricultural multi-country multi-commodity partial equilibrium framework (Research
report No. 254): AERU, Lincoln University.
Craggs, R., Park, J., & Heubeck, S. (2007, Nov 27-29). Methane emissions from anaerobic
ponds on a piggery and a dairy farm in New Zealand. Paper presented at the
Conference on Greenhouse Gases and Animal Agriculture, Christchurch, NEW
ZEALAND. Retrieved from <Go to ISI>://000251999300028
Cuellar, A. D., & Webber, M. E. (2008). Cow power: the energy and emissions benefits of
converting manure to biogas. Environmental Research Letters, 3(3), 034002. article.
Retrieved from <Go to ISI>://CABI:20083272207
http://www.iop.org/EJ/article/1748-9326/3/3/034002/erl8_3_034002.pdf?requestid=83658293-1790-4ffb-a271-b3b07ef43b49
Darby, M. R., & Karni, E. (1973). Free competition and the optimal amount of fraud. Journal
of Law and Economics, 16(1), 67-88.
Dasgupta, S., Meisner, C., & Wheeler, D. (2007). Is Environmentally Friendly Agriculture
Less Profitable for Farmers? Evidence on Integrated Pest Management in Bangladesh
(Vol. 29, pp. 103-118). Review of Agricultural Economics Journal Article
Working Paper Entry: 200703
de Klein, C. A. M., & Eckard, R. J. (2008). Targeted technologies for nitrous oxide
abatement from animal agriculture. Australian Journal of Experimental Agriculture,
48, 14-20.
Di, H. J., & Cameron, K. C. (2006). Nitrous oxide emissions from two dairy pasture soils as
affected by different rates of a fine particle suspension nitrification inhibitor,
dicyandiamide. Biology and Fertility of Soils, 42(6), 472-480. Article. Retrieved from
<Go to ISI>://000239319700002. doi:10.1007/s00374-005-0038-5

31

Di, H. J., Cameron, K. C., & Sherlock, R. R. (2007). Comparison of the effectiveness of a
nitrification inhibitor, dicyandiamide, in reducing nitrous oxide emissions in four
different soils under different climatic and management conditions. Soil Use and
Management, 23(1), 1-9. Retrieved from http://dx.doi.org/10.1111/j.14752743.2006.00057.x
Dupont, D. P. (2004). Do Children Matter? An Examination of Gender Differences in
Environmental Valuation. Ecological Economics, 49(3), 273-286.
Easterling, W. E., Aggarwal, P. K., Batima, P., Brander, K. M., Erda, L., Howden, S. M., et
al. (2007). Food, fibre and forest products. In M. L. Parry, O. F. Canziani, J. P.
Palutikof, P. J. van der Linden & C. E. Hanson (Eds.), Climate Change 2007:
Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change (pp.
273-313). Cambridge, UK: Cambridge University Press.
Easterling, W. E., Chen, X., Hays, C., Brandle, J. R., & Zhang, H. (1996). Improving the
validation of model-simulated crop yield response to climate change: an application to
the EPIC model. Climate Research, 6, 263-273.
Ebert, U. (2008). Approximating WTP and WTA for Environmental Goods from Marginal
Willingness to Pay Functions. Ecological Economics, 66(2-3), 270-274.
Fischer, G., Shah, M., Tubiello, F. N., & Velhuizen, H. v. (2005). Socio-economic and
climate change impacts on agriculture: an integrated assessment, 1990–2080.
Fischer, G., Shah, M., & Velthuizen, H. v. (2002). Climate Change and Agricultural
Vulnerability.
Galbraith, J. K. (1967). The new industrial state. Boston, MA, USA: Houghton Mifflin
Company.
Gelso, B. R., & Peterson, J. M. (2005). The Influence of Ethical Attitudes on the Demand for
Environmental Recreation: Incorporating Lexicographic Preferences. Ecological
Economics, 53(1), 35-45.
Grandy, A. S., & Robertson, G. P. (2007). Land-use intensity effects on soil organic carbon
accumulation rates and mechanisms. Ecosystems, 10(1), 59-74. article. Retrieved from
<Go to ISI>://CABI:20083053565
http://springerlink.metapress.com/content/f2417192813x3775/?p=a638da7fdec54996813f827
5f5b43c8a&pi=6
Guo, L. B. B., Cowie, A. L., Montagu, K. D., & Gifford, R. M. (2008). Carbon and nitrogen
stocks in a native pasture and an adjacent 16-year-old Pinus radiata D. Don. plantation
in Australia. Agriculture Ecosystems & Environment, 124(3-4), 205-218. Article.
Retrieved from <Go to ISI>://000254944900008. doi:10.1016/j.agee.2007.09.013
Heidkamp, P., Hanink, D. M., & Cromley, R. G. (2008). A Land Use Model of the Effects of
Eco-labeling in Coffee Markets. Annals of Regional Science, 42(3), 725-746.
Hughner, R. S., McDonagh, P., Prothero, A., Shultz II, C. J., & Stanton, J. (2007). Who are
organic food consumers? A compilation and review of why people purchase organic
food. Journal of Consumer Behaviour, 6, 94-110.
Jacobs, A., Rauber, R., & Ludwig, B. (2009). Impact of reduced tillage on carbon and
nitrogen storage of two Haplic Luvisols after 40 years. Soil & Tillage Research,
102(1), 158-164. Article. Retrieved from <Go to ISI>://000262546800021.
doi:10.1016/j.still.2008.08.012

32

Kallas, Z., Gomez-Limon, J. A., & Arriaza, M. (2007). Are Citizens Willing to Pay for
Agricultural Multifunctionality? Agricultural Economics, 36(3), 405-419.
Kaye-Blake, W., Saunders, C., & Cagatay, S. (2008). Genetic modification technology and
producer returns: the impacts of productivity, preferences, and technology uptake.
Review of Agricultural Economics,
Kelliher, F. M., Clough, T. J., Clark, H., Rys, G., & Sedcole, J. R. (2008). The temperature
dependence of dicyandiamide (DCD) degradation in soils: A data synthesis. Soil
Biology & Biochemistry, 40(7), 1878-1882. Article. Retrieved from <Go to
ISI>://000257616100038. doi:10.1016/j.soilbio.2008.03.013
Lal, R. (2004). Soil carbon sequestration to mitigate climate change. Geoderma, 123, 1-22.
Lal, R., Follett, F., Stewart, B. A., & Kimble, J. M. (2007). Soil carbon sequestration to
mitigate climate change and advance food security. Soil Science, 172(12), 943-956.
Review. Retrieved from <Go to ISI>://000251695100001.
doi:10.1097/ss.0b013e31815cc498
Ledgard, S. F., Welten, B., Menneer, J. C., Betteridge, K., Crush, J. R., & barton, M. D.
(2007). New nitrogen mitigation technologies for evaluation in the Lake Taupo
catchment. Proceedings of the New Zealand Grassland Association, 69
Liebig, M. A., Kronberg, S. L., & Gross, J. R. (2008). Effects of normal and altered cattle
urine on short-term greenhouse gas flux from mixed-grass prairie in the Northern
Great Plains. Agriculture, Ecosystems & Environment, 125(1-4), 57-64. Retrieved
from http://www.sciencedirect.com/science/article/B6T3Y-4RHXT9X1/2/904a1cdbb55ef065943179f18ca9d040
Lin, E., Xiong, W., Ju, H., Xu, Y., Li, Y., Bai, L., et al. (2005). Climate change impacts on
crop yield and quality with CO2 fertilization in China. Philosophical Transactions of
the Royal Society B: Biological Sciences, v.360(1463)
Luo, J., Ledgard, S. F., de Klein, C. A. M., Lindsey, S. B., & Kear, M. (2008). Effects of
dairy farming intensification on nitrous oxide emissions. Plant and Soil, 309(1-2),
227-237. Article. Retrieved from <Go to ISI>://000257583900014.
doi:10.1007/s11104-007-9444-9
Lusk, J. L. (2003). Effects of cheap talk on consumer willingness-to-pay for golden rice.
American Journal of Agricultural Economics, 85(4), 840-856.
Macedo, M. O., Resende, A. S., Garcia, P. C., Boddey, R. M., Jantalia, C. P., Urquiaga, S., et
al. (2008). Changes in soil C and N stocks and nutrient dynamics 13 years after
recovery of degraded land using leguminous nitrogen-fixing trees. Forest Ecology
and Management, 255(5-6), 1516-1524. Article. Retrieved from <Go to
ISI>://000254597700017. doi:10.1016/j.foreco.2007.11.007
McIntosh, G. (2000). Minnesota agriculture and the reduction of greenhouse gases:
Minnesotans for an Energy-Efficient Economy.
Menegaki, A. N., Hanley, N., & Tsagarakis, K. P. (2007). The Social Acceptability and
Valuation of Recycled Water in Crete: A Study of Consumers' and Farmers' Attitudes.
Ecological Economics, 62(1), 7-18.
Murphy, J. J., Allen, P. G., Stevens, T. H., & Weatherhead, D. (2005). A meta-analysis of
hypothetical bias in stated preference valuation. Environmental and Resource
Economics, 30, 313-325.
Naidoo, R., & Adamowicz, W. L. (2005). Biodiversity and Nature-Based Tourism at Forest
Reserves in Uganda. Environment and Development Economics, 10(2), 159-178.
33

Nakicenovic, N., & Swart, R. (2000). Special Report on Emissions Scenarios
Navrud, S., & Braten, K. G. (2007). Consumers' Preferences for Green and Brown
Electricity: A Choice Modelling Approach. Revue d'Economie Politique, 117(5), 795811.
Owen, A. L., & Videras, J. (2006). Civic Cooperation, Pro-environment Attitudes, and
Behavioral Intentions. Ecological Economics, 58(4), 814-829.
Pachauri, R. K., & Reisinger, A. (2007, 12-17 November). Climate Change 2007: Synthesis
Report. Geneva, Switzerland: IPCC.
Parry, M. L., Rosenzweigb, C., Iglesiasc, A., Livermored, M., & Fischer, G. (2004). Effects
of climate change on global food production under SRES emissions and socioeconomic scenarios.
Pastoral Greenhouse Gas Research Consortium. (2007). Five year science progress report:
2002-2007: Pastoral Greenhouse Gas Research Consortium.
Raunikar, R., Buongiorno, J., Turner, J. A., & Zhu, S. (2008). Global Outlook for Wood and
Forests with Climate Change and Bioenergy Demand: Implications of IPCC
Scenarios Madison, Wisconsin, USA: University of Wisconsin.
Richards, A. E., Dalal, R. C., & Schmidt, S. (2007). Soil carbon turnover and sequestration in
native subtropical tree plantations. Soil Biology & Biochemistry, 39(8), 2078-2090.
Article. Retrieved from <Go to ISI>://000247295800024.
doi:10.1016/j.soilbio.2007.03.012
Roberts, D. C., Boyer, T. A., & Lusk, J. L. (2008). Preferences for Environmental Quality
under Uncertainty. Ecological Economics, 66(4), 584-593.
Roitner-Schobesberger, B., Darnhofer, I., Somsook, S., & Vogl, C. R. (2008). Consumer
Perceptions of Organic Foods in Bangkok, Thailand. Food Policy, 33(2), 112-121.
Roningen, V. O. (2007). VORSIM modeling software for the Excel spreadsheet.
http://www.vorsim.com/. Retrieved 14 March 2007
Roningen, V. O., Dixit, P., Sullivan, J., & Hart, T. (1991). Overview of the Static World
Policy Simulation (SWOPSIM) Modeling Framework (Staff report No. AGES 9114).
Washington, D.C.: Economic Research Service, U.S. Department of Agriculture.
Saunders, C., & Cagatay, S. (2003). Commercial release of first-generation genetically
modified food products in New Zealand: using a partial equilibrium trade model to
assess the impact on producer returns in New Zealand. Australian Journal of
Agricultural and Resource Economics, 47(2), 233-259.
Saunders, C., Moxey, A., & Roningen, V. O. (2001). Trade and the Environment: Linking a
partial equilibrium model with production systems and their environmental
consequences. Paper presented at the International Agricultural Trade Consortium
Conference.
Seyfang, G. (2004). Consuming Values and Contested Cultures: A Critical Analysis of the
UK Strategy for Sustainable Consumption and Production. Review of Social
Economy, 62(3), 323-338.
Spash, C. L. (2000). Ecosystems, contingent valuation and ethics: the case of wetland recreation. Ecological Economics, 34, 195-215.
Sullivan, P. (2003). Conservation tillage, National Sustainable Agriculture Information
Service. http://attra.ncat.org/attra-pub/PDF/consertill.pdf

34

Togridou, A., Hovardas, T., & Pantis, J. D. (2006). Determinants of Visitors' Willingness to
Pay for the National Marine Park of Zakynthos, Greece. Ecological Economics, 60(1),
308-319.
Uri, N. D. (1999). Energy and the use of conservation tillage in US agriculture. Journal of
Energy Policy, 27, 299-306.
Van den Bergh, J. C. J. M. (2008). Environmental Regulation of Households: An Empirical
Review of Economic and Psychological Factors. Ecological Economics, 66(4), 559574.
Veblen, T. (1970[1899]). The theory of the leisure class: an economic study of institutions.
London, UK: Allen and Unwin.
Vermeir, I., & Verbeke, W. (2008). Sustainable Food Consumption among Young Adults in
Belgium: Theory of Planned Behaviour and the Role of Confidence and Values.
Ecological Economics, 64(3), 542-553.
Watson, R. T., & the Core Writing Team (eds.). (2001). Climate Change 2001: Synthesis
Report. Geneva, Switzerland: IPCC.
Wiser, R. H. (2007). Using Contingent Valuation to Explore Willingness to Pay for
Renewable Energy: A Comparison of Collective and Voluntary Payment Vehicles.
Ecological Economics, 62(3-4), 419-432.

35

36

RESEARCH REPORTS
284 Agricultural Sector Adjustment Following Removal
of Government Subsidies in New Zealand
Gouin, Daniel-M 2006

299 Air Freight Transport of Fresh Fruit and
Vegetables
Saunders, Caroline and Hayes, Peter 2007

285

300 Rural Population and Farm Labour Change
Mulet-Marquis, Stephanie and Fairweather, John R.
2008

Food Miles – Comparative Energy/Emissions
Performance of New Zealand’s Agriculture
Industry
Saunders, Caroline, Barber, Andrew, and Taylor, Greg
2006

286 The Influence of Perceptions of New Zealand
Identity on Attitudes to Biotechnology
Hunt, Lesley and Fairweather, John 2006
287

288

New Zealander Reactions to the use of
Biotechnology and Nanotechnology in Medicine,
Farming and Food
Cook, Andrew and Fairweather, John 2006
Forecast of Skills Demand in the High Tech Sector
in Canterbury: Phase Two
Dalziel, Paul, Saunders, Caroline and Zellman, Eva
2006

289 Nanotechnology – Ethical and Social Issues:
Results from a New Zealand Survey
Cook, Andrew and Fairweather, John 2006
290

Single Farm Payment in the European Union and
its Implications on New Zealand Dairy and Beef
Trade
Kogler, Klaus 2006

291

Organic Certification Systems and Farmers’
Livelihoods in New Zealand
Herberg, L.A. 2007

292

Operations at Risk: 2006: Findings from a Survey
of Enterprise Risk in Australia and New Zealand
Smallman, Clive 2007

293 Growing Organically? Human Networks and the
Quest to Expand Organic Agriculture in New
Zealand
Reider, Rebecca 2007
294 EU Positions in WTO Impact on the EU, New
Zealand and Australian Livestock Sectors
Santiago Albuquerque, J.D. and Saunders, C.S. 2007
295 Why do Some of the Public Reject Novel Scientific
Technologies? A synthesis of Results from the Fate
of Biotechnology Research Programme
Fairweather, John, Campbell, Hugh, Hunt, Lesley, and
Cook, Andrew 2007
296 Preliminary Economic Evaluation of Biopharming
in New Zealand
Kaye-Blake, W., Saunders, C. and Ferguson, L. 2007
297 Comparative Energy and Greenhouse Gas
Emissions of New Zealand’s and the UK’s Dairy
Industry
Saunders, Caroline and Barber, Andrew 2007
298 Amenity Values of Spring Fed Streams and
Rivers in Canterbury, New Zealand:
A Methodological Exploration
Kerr, Geoffrey N. and Swaffield, Simon R. 2007

301 New Zealand Farm Structure Change and
Intensification
Mulet-Marquis, Stephanie and Fairweather, John R.
2008
302 A Bioeconomic Model of Californian Thistle in New
Zealand Sheep Farming
Kaye-Blake, W. and Bhubaneswor, D. 2008
303 The Impact of Wilding Trees on Indigenous
Biodiversity: A Choice Modelling Study
Kerr, Geoffrey N. and Sharp, Basil M.H. 2007
304 Cultural Models of GE Agriculture in the United
States (Georgia) and New Zealand (Cantrebury)
Rinne, Tiffany 2008
305 Farmer Level Marketing: Case Studies in the South
Island, of New Zealand
Bowmar, Ross K. 2008
306 The Socio Economic Status of the South Island High
country
Greer, Glen 2008
307 Potential Impacts of Biopharming on New Zealand:
Results from the Lincoln Trade and Environment
Model
Kaye-Blake, William, Saunders, Caroline, de Arãgao
Pereira, Mariana 2008
308 The Key Elements of Success and Failure in the NZ
Sheep Meat Industry from 1980 - 2007
McDermott, A., Saunders, C., Zellman, E., Hope, T.
and Fisher, A. 2008
309 Public Opinion on Freshwater Issues and
Management in Canterbury
Cook, Andrew 2008
310 Biodiversity Management: Lake Rotoiti Choice
Modelling Study
Kerr, Geoffrey N. and Sharp, Basil N.H. 2008
311 The Key Elements of Success and Failure in the NZ
Kiwifruit Industry
Kilgour, M., Saunders, C., Scrimgeour, F. and Zellman,
E. 2008
312 The Key Elements of Success and Failure in the NZ
Venison Industry
Shadbolt, N.M., McDermott, A., Williams, C.,
Payne, T., Walters, D. and Xu, Y. 2008
313 The Key Elements of Success and Failure in the NZ
Dairy Industry
Conforte, D., Garnevska, E., Kilgour, M., Locke, S.
and Scrimgeour, F. 2008

