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The Implications of GMOs for Australian Trade®
Susan Stone, Anna Matysek and Andrew Dolling

| Introduction

The rapid adoption of genetically modified (GM) crops has raised considerable debate in Australia
and overseas. Much of this debate has been driven by concerns over the potential for adverse effects
including reduced food safety, harm to the environment, less consumer choice, and the potential for
further concentration in agricultural and food markets. In several countries, these concerns have
contributed to consumer resistance to GM crops, and encouraged governments to introduce new
regulatory regimes.

The potential on-farm benefits offered by GM crops, such as reduced use of conventional
pesticides, more convenient and flexible crop management, and higher productivity and net returns
have driven GM adoption (James 2001b). Processed GM ingredients are now used in many
common food items around the world, such as bread, potato chips and cooking oils, as well as in
animal feed.

Not surprisingly, questions are being asked in Australia about how the global trading of GM crops
is likely to affect Australia’s trade flows. Uncertainty over consumer and regulatory responses
worldwide, and the size of on-farm benefits from GM crops has made answering such questions
particularly challenging.

In an attempt to shed light on possible answers to these questions, this paper modifies the standard
global general equilibrium model GTAP (Global Trade Analysis Project) to examine a subset of
traded commaodities and regions under one particular set of assumptions. This set represents one of
any number of scenarios that can be made concerning the potential impact of GM technology on
global trade. The paper presents early indications of possible trade movements in two major GM
crops — oilseeds and grains — focusing on potential outcomes for Australia. A single period
timeframe is analysed using the 1997 GTAP database.’

Current adoption worldwide

In 2001, GM crops were grown by approximately 5.5 million farmers in 13 countries and covered a
global area of 53 million hectares (James 2001a), or around 4 per cent of the world’s agricultural
land (James 2001b; Anderson and Nielsen 2001). This represents more than a 30 fold increase in
the 1.7 million hectares grown with GM crops in 1996 (Figure 1). Between 2000 and 2001, the area
planted with GM crops increased 19 per cent — despite consumer concerns in some markets. Figure
1 shows the growth in the 4 main GM crops, with much of this growth being driven by significant
uptake of GM soybeans.

! This paper is part of a larger research project currently under way which will provide a more detailed
discussion of the issues presented in this paper. The results will be published in a forthcoming staff
research paper.

2 GTAP is a multi-regional computable general equilibrium model. See Hertel (1997) for documentation of
the model and its underlying theory and Dimaranan and McDougall (2002) for the database details.
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Although the global area planted with GM crops continued to increase in 2001, there are signs of an
easing in the growth of adoption of GM corn and canola. Plantings in 2000 and 2001 were lower for
both these crops compared with previous years, largely reflecting declines in North America. It has
been suggested that such a slowdown may reflect both problems with consumer acceptance in some
markets and poorer than expected agronomic performances (Foster 2001). However, James (2001b)
notes that plantings of both GM and non-GM canola fell in 2000, thus it may not be inferred that
this decline was specific to GM varieties.®> Worldwide, GM varieties represented 14 per cent of the
global area grown with canola in 1999, falling to 11 per cent in 2000 and 2001. In the case of corn,
the percentage of total area planted with GM varieties fell marginally between 1999 and 2001 from
8 per cent to 7 per cent.

The situation in Australia

Farming contributes significantly to the Australian economy. It accounts for around 2.6 per cent of
Australia’s GDP, and approximately 18 per cent of Australia’s total exports (ABARE 2001). Cereal
grains and products alone generated just over 3.5 per cent of Australia’s total exports of goods and
services in 2000-01 (ABARE 2002). Moreover, grains and oilseeds have been an expanding part of
Australia’s agricultural production, with the area grown increasing from 14.3 million hectares to
around 21 million hectares between 1991-92 and 2000-01 (Connell, Barret and Andrews 2001).*

Of the four major GM crops, Australia is a major grower of cotton and canola. Together, canola and
cotton represented almost 20 per cent of the gross value of Australia’s total principal crop
production in 2000 (ABS 2001). Australia grows smaller amounts of corn and soybeans,
representing only 0.56 per cent and 0.33 per cent of Australia’s total principal crops by gross value.

To date, only four licences for the commercial release of GM plants have been granted in Australia.
These licences are for two varieties of cotton and two varieties of carnations.> In 2001, 33 per cent
of Australia’s cotton crop was GM (the maximum allowed under requirements specified by the
National Registration Authority).® While no applications for commercial releases of other GM
crops are currently before Australian regulators, over 100 field trails have been approved. In
addition to wheat, barley and sugarcane, field trials cover a range of crops including field peas,
potatoes, lupins, pineapples and apples.

Public opinion and policy responses

Numerous surveys have been conducted to try to assess community opinions about GM crops and
related products, and perceptions of their potential risks and benefits. Overall, findings on the
acceptance or otherwise of GM crops have varied considerably. In the EU, Australia and Japan, in

¥ In North America the total area harvested for canola (rapeseed) fell around 9 per cent from 1999 to 2000,
and again by almost 18 per cent between 2000 and 2001 (FAO 2002).

* Grains and oilseeds include wheat, barley, oats, triticale, maize (corn), sorghum, rice, lupins, field peas,
chickpeas, peanuts, canola, sunflower seed, soybeans, linseed and safflower seed (ABARE 2002).

® The two varieties of GM cotton include Bt (insect resistant) and Roundup Ready (herbicide-resistant)
cotton, and the two varieties of carnation include a violet carnation and a carnation with improved vase life
(OGTR 2002).

® These regulations have been introduced by the NRA to restrict the development of pesticide resistance in
insect populations.
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particular, the balance of results suggests considerable suspicion and concern surrounding GM food
(EC 2000; Foster 2001; Portmann and Tucek 2001).

Survey results can often change over time, however, as consumer preferences change. As such, they
may not be a good barometer of actual or future behaviour. Indeed, despite many surveys indicating
consumer resistance to GM food, there is to date only patchy evidence of price premiums emerging
in markets for non-GM varieties. This may suggest that the strength of consumer aversion to GM
products may not be as high as some surveys indicate (although a lack of premiums may reflect
extensive supplies of non-GM products reducing upwards pressure on non-GM prices). Gauging the
strength of consumer concern over GM crops in such an environment can therefore be very
difficult.

Community concerns have been strong enough, however, to encourage a number of governments to
introduce specific regulatory arrangements for GM products. In Australia, the Office of the Gene
Technology Regulator (OGTR) was introduced in June 2001 under the Gene Technology Act 2000
and a new labelling regime for GM foods came into effect in December 2001. The OGTR oversees
the development, trial and release of GMOs not covered by other agencies.’

Food safety is regulated (jointly with New Zealand) by the Australia New Zealand Food Authority
(ANZFA). Standard A18 regulates the sale of foods and food ingredients (other than additives and
processing aids), which are produced using gene technology. Regulations require a safety
assessment before the release of such foods, and also stipulate labelling requirements. Current
standards for labelling allow a one per cent threshold for unintended presence of GM product.

In the international arena, there have been, broadly, two principal approaches applied to the
regulation of GM commodities: 1.) the use of existing food safety regulations, and 2.) the
introduction of additional legislation. The US, Canada and Argentina are examples of the former
approach, while the EU, Australia and New Zealand are examples of the latter.

Currently, the European Union maintains a de facto moratorium on the authorisation of new
releases of GMOs and requires the mandatory labelling of GM products, allowing a 1 per cent
‘accidental’ presence of GM product. New Zealand has imposed a two year moratorium on the new
release of GM products, but has allowed field trials to continue. Japan’s labelling requirements
allow a five per cent limit on unintended presence while South Korea has a three per cent limit. In
China, rules have been introduced to expand controls over GM crops before they can be released
commercially.

The differences in policy approaches have raised considerable international debate and, in some
circumstances, threatened trade disputes. Falling under several international agreements — for
example, Sanitary and Phytosanitary Agreement (SPS), Technical Barriers to Trade Agreement
(TBT), and the Biosafety Protocol— there is broad concern that GM technology could provide new
mechanisms for protectionist measures. Regulations could potentially restrict access to markets and
some developments, such as labelling of GM foods, have added to consumer pressure for the
segregation and traceability of GM and non-GM crops. Changes in the supply chain to manage such
segregation and labelling will inevitably add to industry costs (most likely for both GM and non-
GM producers) and thus impact on relative competitive positions across markets.

’ For example, the development of genetic material for use in pharmaceuticals is regulated by Therapeutic
Goods Administration (TGA).
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Aim of this paper

The fluid nature of both consumer and regulatory developments worldwide regarding GM
technology, and its use in food, raises important questions for policy makers and agricultural
producers in Australia. How sensitive, for example, is Australia’s agricultural trade to changing
regulatory and consumer responses overseas? What overall impact can be expected from GM crops
when economy-wide effects and adjustments are taken into account? Analysing these issues can
provide useful insights for policy makers as they weigh up the costs and benefits of alternative
policy options and engage in international negotiations. It can also assist in informing community
opinion more broadly.

This paper aims to provide an initial quantitative assessment of possible short term trade
implications for Australia from the global trade of GM foods under certain domestic and
international regulatory and consumer responses. In doing so, the paper contributes to existing work
on modelling the trade impacts of GM foods by focusing more specifically on Australian, as
opposed to international, impacts and by including estimates of regulatory costs.

The paper does not, however, specifically address a number of other ‘non-trade’ issues relating to
GM crops that are also important in terms of the economic and non-economic welfare of
Australians. Issues concerning consumer choice, the ethical and environmental implications of GM
food production, and intellectual property rights are examples. The analysis in this paper should
therefore be seen as a useful component of what needs to be a broad analysis of all the costs and
benefits associated with production of GM crops in Australia.

Moreover, the results presented in this paper should be interpreted with caution. The scenarios
undertaken represent only one possible combination of a range of feasible scenarios that could be
analysed for GM productivity gains, consumer response and regulatory costs. The paper provides a
first step toward a broader and more comprehensive analysis of potential scenarios to be undertaken
in a forthcoming research report.

Il Evidence of the impact of agricultural GM technology

Productivity gains

The estimates of productivity gains to GM crops incorporated into the model are based on a number
of studies that have reviewed the on-farm performance and effects of GM crops across several
countries.® Studies by Nielsen, Thierfelder and Robinson (2001) and Foster (2001), for example,
employed productivity estimates of 10 per cent. However, despite the usefulness of the estimates
provided in these studies, some general limitations need to be noted. First, many studies have
focused on only one or two factors affecting net on-farm benefits, such as impacts on yields and/or
chemical use, with few studies investigating net effects or net profits from farm adoption of GM
crops.

Second, many studies have covered periods of only one or two years, with the long term effects of
GM crops less well known. EC (2000), for example, noted that many of the studies it reviewed only

& Examples include Carpenter and Gianessi (2001); Duffy and Ernst (1999): Huang et al (2001) and EC
(2000).
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assessed short-term profitability, thus ignoring important yearly fluctuations in yields and prices of
inputs.

Third, potential farm benefits and costs that are not ‘productivity’ related, and therefore not
necessarily measured in the studies examined, can also impact in a non-trivial way on farm decision
making. For example, production of GM crops has been associated with reduced exposure to
agricultural chemicals which may lower the private costs farmers face in producing a given amount
of output. In China, survey data found that 22 per cent of farmers producing non-Bt cotton reported
symptoms such as headaches or nausea after applying pesticides, compared to only 4.7 per cent for
Bt cotton growers (Huang et al 2001).

Many studies do not account for the ‘convenience’ or management flexibility effects of GM crops
(EC 2000, Furtan and Holzman 2001). These ‘convenience’ effects can include reduced machine
movements from fewer herbicide applications, greater flexibility in the timing of herbicide
applications and earlier adoption of no-till or conservation tillage. Duffy and Ernst (1999) note a
farmer survey showing 12 per cent of farmers chose to adopt GM soybeans due to planting
flexibility. It has also been suggested that these ‘non-productivity’ related benefits explain the
considerable expansion in the use of some GM crops in the United States, for example, since the
mid 1990s (ERS 2000). Environmental factors were also the main driving force behind the use of
GM Ingard Bt cotton in Australia for the 1999-2000 growing season (Cotton Research and
Development Cooperation 2000).

However, given that calculating the economic benefits of these flexibility or ‘convenience’ factors
is difficult, many assessments to date may undervalue the benefits farmers receive from some GM
crops. That said, additional management precautions often associated with GM crop use, such as
controlling the spread of GM plants, restricting the development of herbicide resistant plants, and
the treatment of land post-GM planting, adds uncertainty to the net effect of these labour and
management flexibility factors in the long term (Furtan and Holzman 2001).

Finally, benefits and costs that do not enter farm decision making (so called “‘externalities’), are also
excluded from the above estimates of on-farm gains. Examples can include potential impacts on
off-farm water flows or downstream pollution arising from farmers using more or less water or
chemicals in response to particular GM crop characteristics. A recent ERS Agricultural Research
Service (2001) study reported that run-off water from fields planted with Bt cotton in Mississippi
was virtually free of insecticide during a four year study. The House of Representatives Standing
Committee on Primary Industries and Regional Services (2000) also noted that reduced insecticide
use for Bt cotton in Australia has reduced the likelihood of contaminating cattle on neighbouring
properties with endosulphan, which had led to their rejection by export markets in previous years.

Even though there have been a large number of studies on the performance of GM crops, the
evidence to date is neither comprehensive nor compelling in many areas. However, the evidence
does provide some initial indication of the likely nature and magnitude of effects of GM crops on
the supply side. Overall, some of the main messages that can be gained from reviewing the evidence
include:

e mixed productivity results across GM crops, with:

— lower yields for herbicide tolerant soybeans, offset by lower herbicide costs, with profits not
showing significant changes;

— variable yield results for herbicide tolerant canola, but some evidence of net gains;
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— higher yields for insect resistant cotton along with declining pesticide use and some evidence
of net economic benefit. Yields and net effects for herbicide tolerant cotton show
considerable variation; and

— higher yields for insect resistant corn, although no trend of significantly higher profits;
e considerable variability in effects across regions; and
e variability in effects depending on growing conditions.

Estimates of average expected on-farm effects from the use of GM crops are made based on the
balance of evidence available (acknowledging the above mentioned limitations). While recognising
that regional differences in GM crop performance can be significant, the macro and international
scale of the modelling work in this paper make it impractical to incorporate spatially differentiated
on-farm benefits. The GM adopting sectors are therefore assumed to experience average increases
in total factor productivity of 7.5 per cent in grains and 6 per cent in oilseeds. These working
assumptions on productivity gains are held fixed throughout the paper to provide a base by which to
compare the additional effects of consumer resistance and regulatory costs.

Consumer demand surveys

Consumer demand and the degree to which GM crops are accepted in society will be key
determinants of the success of GM products. Without favourable demand conditions, many
potential GM developments may be thwarted. Societal responses to GM foods will be important in
establishing governments’ policies on GM crops, which in turn will affect Australia’s international
trade (RIRDC 2001).

Survey data published by ERS (2001b) provides a good cross-section of studies and illustrates the
variance in consumer response to several GM food issues both across time and across countries.
This data indicates greater acceptance of GM food technology where it is used specifically to
improve foods and shows that consumer resistance is lower where a direct benefit from
consumption is easily identifiable. Consumer response to GM food crops has also been correlated to
community trust in the prevailing regulatory body (RIRDC 2001).

Consumer attitudes to GM foods vary greatly between countries. Survey data indicates that US
consumers have the most relaxed views about the use of biotechnology in food production. By
contrast, European consumers appear more cautious toward GM food, and this view has been
strengthening over time (ERS 2001b).

Survey results presented at the Annual Canadian Canola Convention 2000 found that of the 80-95
per cent of Europeans who have some awareness about GM food issues, 60-80 per cent hold a
negative view about the trend towards GM crops. Corresponding figures for Japan (which is a
significant importer of Australian agricultural produce) show a level of awareness of 97 per cent,
with over 80 per cent expressing a negative attitude toward GM crops (Portmann and Tucek 2001).

Consumer attitudes to GM foods in Australia have been changing over time. Surveys undertaken by
Biotechnology Australia in 1998 and 2001 suggest there may be a softening of resistance to GM
food. They report that from 1998 to 2001, Australians’ attitudes changed from around 25 per cent
willingness to eat GM foods to almost 50 per cent willingness (Biotechnology Australia 2001).
Another survey found that those amenable to buying GM foods if it tasted better rose from 41 per
cent in 2000 to 51 per cent in 2002 (Biotechnology Australia 2002).
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Observed price differences between GM and GM-free foods

Reviewing behavioural and price differences between GM and non-GM crops gives a less negative
representation of consumer response to agricultural biotechnology, yet even revealed preference
information is ambiguous. On the one hand, ERS (2000) has reported that demand for non-GM
maize and soybeans in the US is very limited, and there is only patchy evidence of price premiums
for non-GM grains and oilseeds. This suggests that negative attitudes to GM food crops may not
have affected purchasing decisions. However, this may be because, as stated above, there is still a
considerable supply of non-GM products for most crops (except perhaps soybeans), so scarcity of
non-GM crops and associated price rises have yet to materialise. Moreover, US consumers have not
expressed the same level of concern regarding GM crops that has been witnessed elsewhere. On the
other hand, consumers in Japan and Korea have been reported as paying price premiums for corn
from countries other than the US, so as to avoid contaminated StarLink corn.

Overall, evidence suggests that consumers in such regions as the EU, and countries like Australia,
Japan, South Korea and New Zealand, would show resistance to the consumption of GM goods
under all circumstances. Therefore, in modelling consumer response, a 25 per cent reduction in
potential demand for GM crops was assumed to apply to these regions, with replacement by non-
GM varieties to maintain the overall share of grains and oilseeds in consumption.

Costs of regulating the research and application of GM crops

There are a number of costs associated with meeting regulatory requirements for approval for the
release of GM crops into the environment and their subsequent use in the food supply. Many of
these are met by the developers or promoters of GM crop seeds such that these costs are generally
reflected in the seed prices and technology fees paid by farmers. These seed and technology costs
were, in general, considered in determining the productivity gains for GM crops.

Labelling the GM status of agricultural products is currently being driven by government
regulations covering GM products, and consumer demand for information. Thus, there is a need to
verify the origin of food ingredients to determine their GM status. Segregation and identity
preservation (IP) are ways of providing this verification. The EC (2000), for example, argues that
for consumers to have confidence in labelling systems, there is a need for segregation of products
throughout the processing system, and IP to distinguish products according to GM content and
whether GM technology has been used in the production process. GrainCo (Planet Ark 2002) have
argued that such a system is essential if Australian exporters want to retain the trust of their
markets.

Segregation alone refers to keeping specific crops or products apart. It does not necessarily involve
traceability along the supply chain. IP, however, refers to systems of crop and product management
which allow the source or nature of crops and products to be identified along the entire supply
chain. Segregation and identity preservation (SIP) therefore allows buyers to verify the grade,
variety or type of product they prefer. SIPs and related labelling are not new or unique to GM crops.
They are already used (at different levels of sophistication) to distinguish different grades of
commodity crops and higher value varieties (such as high erucic acid rapeseed grown for technical
applications and flint corn for breakfast cereals (EC 2000)).

In the case of GM crops, SIPs are designed to prevent the accidental mixing of GM and non-GM
crops, depending on crop type, via:
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- ‘gene flow’ from GM to non-GM crops due to pollen dispersal and cross pollination; or

inadequate separation of GM and non-GM crops or products during harvesting,
processing, transport or distribution (South Australia 2001).

Preserving the identity of crops can be achieved by testing regimes and/or implementing processes
for on-going segregation across the supply-chain. At the production stage this can involve buffer
zones between GM and non-GM crops. The appropriate size of such buffer zones will depend on
whether the crop is open pollinating (such as canola or corn) or self pollinating (such as cotton or
soybeans) and, if open pollinating, how pollen is transferred between plants. At the storage,
handling and transportation stages, SIP can involve separate storage bins, particular times for crop
movements, and cleaning of transportation containers.

SIPs for GM and non-GM crops will therefore introduce new costs to agricultural systems as most
agricultural products are at present traded through a bulk commodity system. The size of these
additional costs, however, will depend on the crop concerned, the volume of production going
through SIP systems and, importantly, the threshold level of contamination accepted. It is expected
that costs will increase exponentially rather than linearly for tolerance levels approaching zero per
cent (EC 2000).

The importance of tolerance levels was also highlighted by the ERS (2000). It noted estimates that
at a 1 per cent or lower tolerance level for GM contamination, only 5 per cent of grain elevators in
the United States could achieve segregation without major new investments. The same threshold
could potentially double transportation costs (compared to only modest transport cost increases if
tolerance levels were set at 5 per cent or higher).

The size of SIP costs has been estimated in a number of studies (Buckwell et al 1999; Bullock et al
2000; ERS 2000). Many of these have focused on the costs of segregating non-GM from GM crops
in order for U.S. suppliers to sell products to export markets such as the EU. Buckwell et al (1999),
for example, gives a number of examples of SIP costs for different products under different SIP
arrangements. They find, where tolerances of GM residue were between 0.1 — 1 per cent, additional
costs were approximately 10 per cent of farm gate prices. They suggest that this 10 per cent cost
increase is probably the most likely estimate of the additional costs of SIP, given that the direction
of most labelling regulation is to allow up to 1 per cent tolerance of GM material.

Buckwell et al (1999) also examined GM canola in Canada and found that the additional costs of
SIP were around 6-8 per cent of farm gate prices (although no specific threshold was given). The
authors also report findings of SIP costs from three case studies of crops offering enhanced benefits
for consumers (unrelated to GM technology). Costs were found to range between 5-15 per cent of
the farm gate price.

A study by the EC (2000) covering non-GM and specialty soybean, corn, canola and sunflower in
the USA, Canada and Europe, shows results of similar magnitude, with the additional costs of SIP
ranging between 10-15 per cent of sale price. The study estimated that IP would increase grain
prices at the farm gate by 6-17 per cent. It argues that because this range of cost estimates
corresponds to the experience with existing IP systems for value added market segments, it can be
taken to be a reliable estimation of IP costs.

Leading Dog Consulting (2001) estimated that, given present testing technology and SIP systems,
costs will increase by around 10-15 per cent through the supply chain in Australia. The report notes
that in the US the estimated average total cost of segregation (including testing) for both soybeans
and corn is 12 per cent of the sale price.
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It has been argued, however, that where segmented markets already exist, the arrival of GM crops
does not change the basic handling system, so estimates of costs associated with regulatory
compliance are overstated. Moreover, SIP and labelling regulation costs are expected to fall over
time as initial up-front costs are incurred, experience grows, testing procedures improve and
become less costly, and economies of scale are reached (assuming segregation activities expand)
(Buckwell et al 1999). Leading Dog Consulting (2001) note there is already evidence in some food
chains that SIP costs become significantly lower as supply chain capabilities develop and more
suppliers seek to provide that service (although no estimates were given).

For the purposes of this report, regions were broken into three categories based on regulatory
standards and thresholds on labelling. As a working assumption based on the evidence presented
above, a five per cent increase in costs due to regulation was imposed on countries with low
thresholds (EU, Australia and New Zealand). For those countries with higher thresholds or other
regulatory costs, (such as Japan and Korea) a three per cent increase in costs was imposed. No
increases in regulatory costs for the remaining regions (notably the United States and Canada) were
imposed.

11 Method

The basic GTAP structure needed modification to carry out the proposed simulations. This also
required making changes to the standard 1997 database. The first database change was to aggregate
the original 57 sectors to 11 sectors and 66 regions to 9 regions. This aggregation was based on
those regions important in Australian trade and those sectors affected most by GM technology (such
as processed food).

Therefore, two crop sectors — grains (composed of maize, sorghum and barley) and oilseeds
(composed of soybean, canola and cottonseed) — were chosen and split into GM and non-GM
components. While wheat is an important Australian export, there is currently no GM wheat grown
for commercial release anywhere in the world; therefore, it was not split.

The split was based on market share information for the nine regions obtained from James (2002).
All initial relationships in the database are assumed to hold. Thus, shares of inputs, export shares
and destinations, as well as the use for the two types of grains and oilseeds (GM and non-GM) as
intermediate inputs, are assumed identical in this initial stage.

The simulations were carried out in a three step process. The first step, scenario 1, was to account
for the productivity changes that come from the adoption of GM technology. In the basic GTAP
model, imported and domestic intermediate inputs are obtained through CES derived demand
equations. Intermediate inputs are then combined, along with value-added, in a Leontief structure,
to obtain total output.

To introduce a substitution relationship between GM and non-GM commodities, a CES nesting was
introduced after the import/domestic substitution. This then fed into the demand for intermediate
goods. This nesting structure is illustrated in figure 2.

The productivity gains were fed into the system via a Hicks-neutral technical change effect. This
shock reduces the number of inputs required to produce a given level of output in these (GM)
sectors. The shock was applied uniformly to all regions producing GM crops, but varied according
to the crop (oilseeds were given a 6 per cent productivity shock and grains a 7.5 per cent shock).
Output from this simulation is referred to as “scenario 1.
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The second step, scenario 2, was to incorporate consumer responses into the simulation. A number
of factors are likely to influence world demand for GM and non-GM crops into the future, including
population growth, income and living standards, tastes and preferences. The modelling of private
demand in this paper leaves population growth and changes in income and living standards constant
while allowing for changes in tastes and preferences. This means that the key influence modelled is
the relative demands for GM and non-GM crop varieties.

Consumer response is modelled using two mechanisms. First, price sensitivity, differing across
regions, is introduced to the model via a CES function. Regions were classified as being highly
price sensitive (eg. North America), somewhat price sensitive (eg. Australia) and price insensitive,
(ie. consumers will continue to consume non-GM crops even if the relative price increases (eg.
EU)). These price sensitivities are in alignment with current regional consumer sentiment regarding
GM food as discussed above.

As stated above, there is little clear-cut information on consumers’ attitudes toward the
consumption of GM foods, other than ‘concern.” However, it seems realistic to model some
resistance to GM foods in such markets as the EU and Japan, where widespread concern for food
safety in general has been prominent of late. In order to capture the varying degrees of consumer
confidence in GM technology, a variable was introduced as a second mechanism to capture
preference shifts not related to price. Under this structure, it is assumed that consumers face a
structural shift in their demand for GM goods. A 25 per cent reduction in the demand for GM goods
was applied to those regions which have seen the most resistance, namely EU, Japan, Australia and
New Zealand. This was implemented following the methodology applied in Nielsen and Anderson
(2000) and represents a working assumption on the level of consumer resistance.

In the final step, scenario 3, the cost of regulation was accounted for by implementing a series of
negative technology-augmenting shocks. Regulation is thus imposed as an additional cost to
producers. In order to comply with SIP and labelling regulations, firms must incur additional non-
labour input costs (such as additional packaging material, for example); labour costs (such as
additional handlers to ensure commodities remain separated); and possibly capital costs (equipment
and technical assistance to test commodities for their GM status). Thus, there is a need for
additional inputs for each level of output, or the reverse of an output-augmenting technical change.

Given the nature of the regulatory costs, it was felt that increasing all inputs proportionately would
be inappropriate. As noted above, studies indicate that regulated sectors will bear a significant
increase in their transport and storage costs, for example. The most likely input sectors to be
affected by regulations will be manufacturing, services, and transport and storage. There will also
be associated effects on value-added (thus including labour costs). The estimated increases in costs
due to regulation were modelled as increases in the input requirements of affected sectors (GM and
non-GM grains and oilseeds).’

Regulation costs were imposed on both GM and non-GM producing sectors. It is still too early to
tell who will actually bear the burden of these regulation costs, and to what extent these additional
costs can be passed along to the consumer. However, it seems reasonable to assume that in the early
stages of GM technology, producers of affected crops will need to provide some evidence of their
source, or assurances of their ‘non contamination’ in the case of conventional crops. This will most
likely increase the costs to all market participants, regardless of who the regulation is aimed at.

® Implementation details can be found in the forthcoming staff research paper.
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IV Results

Scenario 1 - Productivity gains

Productivity shocks of 7.5 per cent and 6 per cent to GM grains and oilseeds respectively, are
applied to allow the generation of a ‘clean’ market response. Australia currently produces no GM
crops used in food production (although some GM inputs are approved for import). If GM
production were to commence in the face of increased productivity in these sectors and no barriers
due to regulation or market resistance existed, producers would be able to raise output (with the
same number of inputs) and this would, in turn, reduce the price of output to intermediate users and
induce increases in their input use. Thus, it is expected that both outputs of GM crops, and GM
crops as inputs, would increase.

As expected, the results show that the production of GM crops would increase across the board at
the expense of conventional crops (see table 1). New Zealand is the only region where a decrease in
the output of a GM good (oilseeds) is observed, and this occurs from a very small base. Output of
other goods appear to be relatively unaffected by the change. The pattern of production gains across
sectors should typically reflect the degree of GM uptake already in place. For example, North
America and China experience an expansion in the output of industries using GM inputs (such as
livestock, meat and dairy and other food). Other regions, such as Australia and Japan, simply
experience an increase in the production of GM goods, since their other industries currently have
little or no GM inputs, and so do not benefit. However, over time, as the use of GM inputs increases
in these sectors, gains (in the form of lower input costs) would be expected to be more widespread
for these non-GM good producing regions.

The model indicates that exports would follow much the same pattern as output. Not only are the
GM exports affected (most regions experience increased exports), but related industries such as
food, livestock, processed animal and other processed food exports, are also affected in GM
producing regions. Again, to the extent GM commodities are used as inputs, these related industries
should benefit from a decrease in the price of their GM inputs.

Not surprisingly, the model indicates that the largest producer of GM crops, North America, would
gain the most from the assumed productivity changes. North America itself accounts for half of all
grains exports and almost 60 per cent of all oilseeds exports. Exports of food from this region are
anticipated to increase, as are exports of livestock, processed animal products and other processed
foods. As GM commodities already represent a relatively large share of the inputs in these
industries in North America, the region appears to gain a comparative advantage in production of
several commodities from the productivity increases in the GM sectors.

Changes in crop exports across the remaining regions largely reflect their relative standing in terms
of world agricultural exports. Exports are found to increase in China and the EU, both of which are
large grains exporters (about 7 and 23 per cent of total grains exports, respectively). Exports in
conventionally produced grains and oilseeds show declines in every region, with the exception of a
slight increase in oilseeds exports by North America. This seemingly incongruous result occurs
because North American consumers would switch to the cheaper GM substitute commaodity, which
is readily available, thus placing downward pressure on non-GM oilseeds prices. This would occur
to a larger extent in North America than in other regions because of a greater availability of the
cheaper alternative GM commodity.
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Imports of GM goods increase for most countries. The largest increases in grains imports are to
Australia and New Zealand. However, these percentage increases appear large because they are
calculated from very small bases, given that neither country imports much oilseeds or grains (less
than one per cent of total imports of these commodities). Regions such as China, Japan and the EU,
already significant importers of grains and oilseeds, are shown to significantly expand their imports
of these commodities.

Imports of conventionally produced oilseeds and grains show declines in most regions, but
substantially so in North America. Imports of food, livestock, processed animal products and other
processed food products fall for this region, as consumers would shift to cheaper domestically
produced food and livestock. Other regions experience a slight increase in the imports of these
goods and again, this reflects the large potential flow-on effects of the productivity benefits in North
America.

As stated, Australia produces no GM food products and, therefore, given the short timeframe
considered, does not gain significantly from the increase in productivity enjoyed in those sectors.
As expected, output changes only for GM producing industries as producers switch from
conventionally produced grains and oilseeds to GM technology.

Under this scenario, there would be virtually no changes in any of the overall macroeconomic
variables, including total imports and total exports for Australia. The major change would take
place in the composition of trade, concentrated in the two GM producing sectors. GM grains and
oilseeds imports would increase significantly (6.5 and 5.6 per cent, respectively) with much smaller
increases in livestock and processed animal imports. GM grains would also experience an
improvement in exports (1.2 per cent). When looking at the resulting shifts in trade for Australia,
however, it must be noted that these crops represent only a small part of Australia’s agricultural
trade figures (accounting for about 3 per cent and 2 per cent of agricultural exports, respectively).
Thus, given these small percentages, it is not surprising that Australia’s relative trade position does
not change much under this scenario.

These results can best be understood by observing what is happening in the global trade context.
Australia’s major agricultural trade competitors, such as North America, would gain directly from
the GM productivity increases and make Australia’s non-GM goods relatively less competitive.
Moreover, North America’s inputs of cheaper GM commodities into industries such as livestock
and processed meat would further diminish Australia’s competitiveness in its traditional export
markets and also affect domestic consumption as cheaper imports entered the home market.

An overall measure of welfare changes is given by the equivalent variation, shown in table 2.%°
Overall, world welfare improves under the assumption that GM technology is associated with
greater productivity. Consistent with the results outlined above, those economies already producing
GM crops gain more than those not producing GM crops prior to the productivity shock. Therefore,
North America would have the largest increase in welfare measures, with the EU also experiencing
large gains. Japan and China would gain to a lesser extent; Japan from cheaper imports and China
from an overall improvement in exports.

19 Equivalent variation is a welfare measure that describes the minimum amount that a party that gains from a particular
change would be willing to accept to forgo the change. A positive value indicates a welfare improvement. The
equivalent variation of a party that loses from a change is the maximum they would be willing to pay to prevent the
change.
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A breakdown of the sources of these total welfare changes is presented in table 2. North America’s
reported total welfare increase of $2.45 billion comes entirely from increased productivity
(technical change), with allocative efficiencies actually declining and terms of trade deteriorating.
As described above, Australia would also experience a deterioration in its terms of trade, with a
negative impact on total welfare.

Scenario 2 - Adding Consumer response

To test the impact of consumer responses, a shift in consumer preferences against GM commodities
is superimposed on the productivity improvement. This shift is akin to a shift in consumers’
indifference curves such that households demand a lower share of GM goods in their total
consumption bundle at a constant total expenditure level. This shift in consumer preferences is
implemented only for Australia, New Zealand, the EU and Japan, since North American consumers
are purportedly relatively indifferent between GM and non-GM and poorer consumers in the
developing world are typically more sensitive to prices than to methods of production.

This shock is implemented for GM crops only, and since these goods represent small shares of the
consumer’s overall budget, large changes are not expected. However, in the regions experiencing a
negative consumer preference shift, output of GM goods is expected to decline as markets for these
goods shrink. Exports, as a result of these smaller markets, should fall compared to scenario 1 as
well.

As expected, output gains under scenario 1 are reduced once consumer resistance is added to the
model (see table 3). In the EU, for example, GM oilseeds production increases 4.5 per cent in the
first simulation, but only 3.2 per cent when consumer resistance is introduced. Japanese GM
oilseeds production increases by over 2 per cent in scenario 1, but falls 3 per cent when there is a
consumer preference shift. Output remains virtually unchanged in North America and China. The
decline in exports of non-GM commaodities is not as great as in scenario 1 since consumers in
certain regions are now assumed to view GM commodities as less substitutable. Total exports of
GM grains still increase, but by a lesser amount because of consumer taste shifts in several large
import markets (such as Japan). For example, increases in GM grains exports from North America
fall from 4 per cent to 3.8 per cent.

The EU and China experience significant turnarounds in their GM oilseeds exports under this
scenario. The EU moves from a 1.3 per cent increase to a 1.2 per cent decline. This is because, in
scenario 1, the EU’s largest export growth was to Australia, as well as from intra-EU trade.
However, both these regions experience a negative consumer response in the second simulation,
leading to a decline in the EU’s oilseeds production and exports. China, whose GM oilseeds exports
increased 2.3 per cent in scenario 1, moves to a 0.4 per cent decline on account of consumer
resistance in two of its significant export markets — Japan and EU.

By contrast, Australia experiences an increase in its exports of GM grains compared to scenario 1.
This is because consumer resistance to GM commodities in the domestic market would free more
GM grain for export to those regions unaffected by preference shifts, such as North America and
China. Due to lower demand for GM commaodities under the new scenario, the price of Australia’s
GM grain falls relative to the world export price, making Australian exports attractive to these
markets.

While imports of all GM commodities into regions affected by the preference shift decline as
compared to scenario 1, they remain positive overall. Increases in the EU’s imported GM oilseeds
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decline in magnitude from 4.6 per cent to 0.36 per cent (almost no increase). This is in contrast to
Australia, where imports remain virtually unchanged, despite the same assumed level of consumer
resistance. The reason for this is that GM productivity gains in the EU, being more widespread,
would allow domestic prices to fall relative to imported prices by a greater amount than in
Australia. Thus, in the EU, all of the decline in the consumption of GM oilseeds due to the
consumer preference shift would be felt through a decline in imports.

GM imports for regions not subject to the change in consumer preference against GM commaodities
experience little or no variation compared with scenario 1. In response to the large decline in import
demand for GM oilseeds into the EU, non-GM oilseeds imports rise to maintain the region’s overall
oilseeds demand requirements.

As foreshadowed above, when consumer resistance is added to the analysis, overall welfare effects
remain virtually unchanged (table 4). The only significant change in regional welfare occurs in
North America, where an abatement in the negative allocative effects experienced under the
productivity shock would lead to an improvement in overall welfare in the region.

Scenario 3 - Adding Regulation

Imposing regulation costs would cause the original gains in output in GM sectors to decline as the
cost of production rises (see table 5). Australia’s production of GM grains and oilseeds is lower
than under either of the prior scenarios because the original productivity gains assumed in scenario
1 have not only been eroded by consumer preference shifts (scenario 2), but also by higher input
costs due to regulation. This is consistent across all regions incurring regulation costs.

Given that regulation should reflect societal values, it is not surprising that the largest regulatory
costs would be incurred by those regions experiencing the highest degree of consumer resistance.
These increased costs would result in the affected regions losing export market share to those
regions that do not incur additional costs. For instance, North America and China (which are
assumed not to incur regulatory costs) experience gains in all GM and non-GM export commodity
markets, while Australia, New Zealand, Japan, and the EU experience setbacks. In particular, EU
oilseeds exports show a decline which would constitute a significant share of total agricultural
exports from the region. However, GM grains exports still increase, but at half the level observed in
scenario 1.

Results for exports of agricultural produce other than crops, such as livestock, processed meat and
dairy and other foods, do not change significantly. If anything, exports would decline slightly in the
EU and Australia as part of the regulatory costs imposed on GM and non-GM crops passed through
to industries by way of higher input prices.

Australia’s exports of grains and oilseeds show significant declines as they become relatively less
competitive internationally. This is true of both GM and non-GM varieties in this simulation.
However, the impact of these declines would be far more significant for the non-GM sectors, since
Australia’s base production of GM commodities is very small. Exports of ‘other foods’ from
Australia also decline slightly as they become less internationally competitive.

Imports typically rise for regulated regions, as imported GM and non-GM grains and oilseeds from
those regions not affected by regulation would become relatively cheaper compared to domestic
products. In contrast, imports of these commodities into unaffected regions such as North America
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and China would decline slightly as the regions switched to their cheaper domestically produced
crops.

Australia’s imports of all GM and non-GM crops show increases, mainly from North America, as
cheaper imports are demanded in favour of the more expensive domestic product. Imports of other
foods also rise slightly, again because they are favoured on price.

Overall welfare is found to be lowest in this scenario (table 6) . The EU experiences the largest
decline as a result of regulation. However, Australia has the lowest welfare measure with a total
decline of $US 18 million after productivity gains, consumer resistance and regulation are all taken
into account. This loss continues to come from terms of trade effects. Prior to the regulation costs
being included, New Zealand was faring the worst of the regions examined, however, once the costs
of regulations are added, Australia experiences the largest welfare fall. This is because these
regulation requirements apply to a larger proportion of output in Australia than in New Zealand.

Decomposition of welfare effects shows that the EU’s welfare declines would chiefly be the result
of adverse technical change conditions. Thus the negative total factor productivity shocks imposed
to simulate the effects of regulation overwhelm the productivity gains from the introduction of GM
technology in this region. By contrast, North America’s welfare is shown to rise as the deterioration
in its terms of trade is less than in the previous scenarios. This is because domestic prices fall more
than import prices, leading to a decline in imports. In addition, this leads to gains in export market
share in the EU and Australia.

While both the EU and Australia face similar consumer resistance and regulation costs in this
scenario, there is a distinct difference in their total welfare changes. This difference stems from
initial shares in GM production. The EU, because it produces GM products (albeit not to the scale
of North America, for example), would gain from the productivity increases in this sector, leading
to a terms of trade improvement. When regulation costs are added, these productivity gains are
shown to decline, but the terms of trade effect remains positive. Australia, on the other hand, having
little GM production, would experience only small gains from the productivity shock and a
relatively large deterioration in its terms of trade. When regulation costs are imposed, productivity
gains would be reversed and the terms of trade effect would reduce overall welfare.

V  Conclusion

This paper examines the effects of adoption of agricultural GM technology for grains and oilseeds
on Australian and international trade and welfare. It approaches the analysis in three steps. First, it
explores what happens when crops produced using GM technology, namely grains and oilseeds,
experience an increase in productivity consistent with estimations of on—farm benefits reported in
recent studies. Results from this simulation show that those regions where production of GM
commodities is more firmly entrenched, such as North America, gain most. This is because these
regions gain in productivity, which translates into lower input costs and expanded output in GM
sectors, as well as sectors using GM commodities as inputs (such as livestock and processed foods).
For those regions with little current GM adoption, the main result is an expansion of the GM sectors
at the expense of conventional sectors.

Australia, which produces little GM grains and oilseeds, experiences a decline in total welfare
stemming from a deterioration in its terms of trade. This occurs due to the diminished
competitiveness of its grains and oilseeds sectors — industries in other countries move away from
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using less productive non-GM inputs and into more productive GM crops. Imports of affected
industries, such as livestock and processed foods, increase.

The second step is to introduce consumer resistance to GM crops into the model. Most studies have
shown that consumers throughout the world are experiencing varying degrees of resistance to the
new technology. The two extreme positions are exemplified by North America, where concern over
GM crops exists but is low, and the EU, where up to 85 per cent of surveyed consumers report
concern over the technology.

Given the small share these crops represent in consumer expenditure, little happens to total welfare
measures in this scenario. Trade patterns, however, are affected. For example, the EU’s GM
oilseeds imports fall sharply, as does GM oilseeds production in Japan. For Australia, there is little
change other than a slight decline in the gains in output achieved by GM sectors under the first
simulation. The reduction in output experienced by conventional crops is also tempered by
consumer preference for these goods.

The third step is to introduce regulation costs. The costs are based on estimations reported in the
literature. The degree to which legislation actually adds to costs, or merely reinforces an existing
trend toward identity preservation, is debatable. This study thus applies moderate estimations of
regulatory costs to those regions with existing or pending legislation.

Results from this simulation show a further erosion of productivity benefits to GM crops made
under scenario 1. Global welfare gains are smaller, since productivity gains are tempered by
regulatory costs in regions experiencing consumer resistance.

Australia’s welfare declines in comparison to the previous two simulations. This is due to a further
erosion in the terms of trade. While regions such as the EU experience smaller gains from trade
when regulations are imposed, the total welfare effect remains positive. Australia, on the other
hand, does not gain enough domestically from the GM sector productivity increases to offset its
increased costs of regulation and resulting loss in international competitiveness.

When examining these results, several factors should be kept in mind. The first is that these are
single period simulations. Thus longer term effects (such as the adoption of GM technology into
other downstream industries) are not captured. Second, welfare measures fail to capture utility
associated with non-economic aspects of GM technology, namely environmental impacts and
perceived health risks and gains.

Third, movement into GM technology in Australia is lessened when regulatory costs are imposed
on the model. While the reported welfare losses are small and overall changes in exports and
imports negligible, the lack of an incentive to move into this technology may have longer term
implications for Australia’s trade position. As demonstrated, the benefits to Australia from
productivity increases in GM crops are small, as compared to North America, for example, because
of the limited uptake of the technology. Moreover, the results are affected by the fact that grains and
oilseeds have small shares of Australia’s trade. These effects may not be so small in magnitude if
GM technology is applied to wheat, one of Australia’s main exports.

Finally, given that this paper presents the results of just one consumer and regulatory response
scenario out of a range of feasible scenarios, no policy recommendations may be drawn at this
stage.

DRAFT ONLY - NOT FOR QUOTATION OR CITATION 17
17/4/02



VI References

Anderson, K and Nielsen, C. 2001, ‘GMOs, the SPS Agreement and the WTO’, in Anderson, K,
and McRae C. (eds), The Economics of Quarantine and the SPS Agreement, Centre for
International Economic Studies and Department of Agriculture Fisheries and Forestry Australia,
Canberra, pp.305-31.

ABARE (Australian Bureau of Agricultural and Resource Economics) 2001, Australian Commaodity
Statistics 2001, Canberra.

—— 2002, Australian Commodity Statistics 2002, vol. 9, no. 1, Canberra.

ABS (Australian Bureau of Statistics) 2001, Agriculture 1999-2000, Cat. no. 7113.0, ABS,
Canberra.

Biotechnology Australia 2002, Majority of Aussies would eat GM food — survey, Biotechnology
Australia Media Release, http://www.lifesciencesnetwork.com/news-detail.asp?news
ID=681 (accessed 27 February 2002).

—— 2001, Genetic manipulation or information manipulation, survey paper and attached speech by
Craig Cormick.

Buckwell, A., Brooks, G. Bradley, D., Barfoot, P., Tangermann, S. and Blom, J. 1999, Economics
of Identify Preservation for Genetically Modified Crops, report for Food Biotechnology
Communications Initiative, Wye College, England.

Bullock, D., Desquilbet, M. and Nitsi, E. 2000, The Economics of Non-GMO Segregation and
Identify Preservation, paper presented at the American Agricultural Economics Association
Annual Meeting, Tampa, Florida, 30 July—-2 August.

Carpenter, J. and Gianessi, L. 2001, Agricultural Biotechnology: Updated Benefit Estimates,
National Centre for Good and Agricultural Policy, Washingon.

Connell, P., Barrett, D. and Andrews, N. 2002, ‘Grains Outlook to 2006-07’, Australian Commodity
Forecasts and Issues, vol. 9, no. 1, (DN page numbers).

Cotton Research and Development Cooperation 2000, The Performance of INGARD Cotton in
Australia during the 1999/2000 Season, CRDC Occasional Papers: Transgenics, Narrabri, New
South Wales.

Duffy, M. and Ernst, M, 1999, ‘1998 lowa Cropping Practices’, The 11" Annual 1.C.M. Conference
Proceedings, ISU Extension, pp. 211-30.

Dimaranan, Betina V. and Robert A. McDougall (2002). Global Trade, Assistance, and Production:
The GTAP 5 Data Base, Center for Global Trade Analysis, Purdue University.

ERS (Economic Research Service) 2000, ‘Biotechnology: U.S. Grain Handlers Look Ahead’,
Agricultural Outlook, April, pp. 29-34.

EC (European Commission) 2000, Directorate-General for Agriculture working document Rev. 2,
Economic Impacts of Genetically Modified Crops on the Agri-Food Sector, A First Review.

Fernandez-Cornejo, J. and McBride, W. 2000, Genetically Engineered Crops for Pest Management
in U.S. Agriculture: Farm-Level Effects, Economic Research Services, USDA, Washington.

FAO (Food and Agricultural Organisation) 2002, http://apps.fao.org/page/collections?subset
=agriculture (accessed 11 March 2002).

DRAFT ONLY - NOT FOR QUOTATION OR CITATION 18
17/4/02



Foster, M. 2001, “‘Commercialising GM crops: Assessing the costs and benefits’, in Outlook 2001:
Proceedings of the National Outlook Conference, Canberra, 27 February—1 March, vol. 2,
Agriculture and Regional Australia, ABARE, Canberra, pp. 177-85.

Furtan, H. and Holzman, J. 2001, ‘Agronomic Costs and Benefits of GMO crops: What do we
know?’ in Transforming Agriculture: The benefits and costs of genetically modified crops,
University of Saskatchewan, pp. 47-58.

Hertel, T., 1997, (ed) Global Trade Analysis: Modelling and Applications, Cambridge University
Press, Cambridge and New York.

HoRSCIST (House of Representatives Standing Committee on Industry, Science and Technology)
1992, Genetic manipulation: the threat or the glory? February, AGPS, Canberra.

House of Representatives Standing Committee on Primary Industries and Regional Services 2000,
Work in Progress: Proceed With Caution, Primary Producer Access to Gene Technology, June,
Commonwealth of Australia.

Huang, J., Rozelle, S., Pray, C. and Wang, Q. 2001, Plant Biotechnology in the Developing World:
The Case of China, paper presented at New Biotechnology Foods and Crops, Science, Safety
and Society, Bangkok, 10-12 July.

James, C. 1999, ‘Global Review of Commercialized Transgenic Crops: 1999’, ISAAA Briefs, no. 12,
ISAAA: Ithaca, NY.

—— 20014, “‘Global Review of Commercialized Transgenic Crops: 2001, ISAAA Briefs, no. 24,
Preview, ISAAA: Ithaca, NY.

—— 2001b,

—— 2002, Global GM Crop Area Continues to Grow and Exceeds 50 million Hectares for the
First Time in 2001, International Services for the Acquisition of Agri-biotech Applications,
http://www.isaaa.org/press%20release/Global%20 Area_Jan2002.htm (DN access date required)

Leading Dog Consulting and Peter Flottmann and Associates 2001, Segregating Gene Technology
Products — Requirements, Costs and Benefits of ldentity Preservation, Segregation and
Certification, paper prepared for Commonwealth Department of Agriculture, Fisheries and
Forestry, May.

Marra, M., Carlson, G. and Hubbell, B. 1998, Economic Impacts of the First Crop Biotechnologies,
North  Carolina State  University http://www.ag-econ.ncsu.edu/faculty/marra/FirstCrop/
s1d028.htm (accessed 28 December 2001).

Nielsen, C.P. and Anderson, K. 2000, ‘GMOs, Trade Policy, and Welfare in Rich and Poor
Countries’, CIES Discussion Paper 0021, Centre for International Economic Studies, University
of Adelaide, May.

Nielsen, C. P., Thierfelder, K. and Robinson, S. 2001, Genetically Modified Foods, Trade, and
Developing Countries, International Food Policy Research Institute, TMD Discussion paper No
77, August.

OGTR (Office of Gene Technology Regulator) 2002, GMO Record,
http://www.health.gov.au/ogtr/gmorecord/grlist.ntm, (accessed 26 March 2002).

Planet Ark (accessed 12 March 2002), ‘Australian grains body urges product traceability’, Reuters
News Service, 1 March 2002.

Portmann, P. and Tucek, M. 2001, ‘Marketing GM crops: Market issues facing Australia if it moves
into GM crops’, in Outlook 2001: Proceedings of the National Outlook Conference, Canberra,

DRAFT ONLY - NOT FOR QUOTATION OR CITATION 19
17/4/02



27 February-1 March 2001, vol. 2, Agriculture and Regional Australia, ABARE, Canberra,
pp. 189-95.

RIRDC (Rural Industries Research and Development Corporation) 2001, The potential impact on
agricultural producers of responses to genetically modified products, Interim report, August.

South Australian Government 2001, Preserving the Identity of non-GM Crops in South Australia:
Discussion Paper, Department of Human Services, Adelaide.

USDA (United States Department of Agriculture) 2000, Biotechnology: US Grain Handlers Look
Ahead, Agricultural Outlook, April, Economic Research Service, USDA.

DRAFT ONLY - NOT FOR QUOTATION OR CITATION 20
17/4/02



Table 1

Percentage changes

Australia North New EU China Japan
American  Zealand
Production
Non-GM Grains -0.79 -2.15 -0.16 -0.88 -0.76 -1.31
GM Grains 5.35 4.43 4.63 6.29 6.57 7.17
Non-GM Oilseed -1.81 -1.62 -0.33 -0.93 -0.99 -1.37
GM OQilseed 1.86 0.38 -0.80 4.47 4.73 2.23
Food -0.10 0.27 -0.13 -0.002 0.01 -0.03
Livestock -0.22 0.31 -0.38 -0.03 0.06 -0.06
Meat and dairy -0.15 0.19 -0.22 -0.005 0.04 -0.04
Other foods -0.03 0.22 -0.08 -0.03 0.02 -0.002
Exports
Non-GM Grains -1.07 -0.14 -1.74 -1.18 -1.25 -2.26
GM Grains 1.16 3.95 2.03 4.43 2.97 -2.32
Non-GM Oilseed -2.56 0.20 -3.20 -1.73 -1.36 -2.88
GM OQilseed -0.26 3.56 -1.43 1.34 2.30 -1.20
Food -0.19 0.85 -0.14 -0.04 -0.37 -0.43
Livestock -0.67 1.89 -1.22 -0.34 -0.36 -0.58
Meat and dairy -0.43 0.97 -0.31 -0.08 0.05 -0.35
Other foods -0.20 0.73 -0.26 -0.17 -0.19 -0.30
Imports
Non-GM Grains -0.37 -2.83 0.42 -0.88 -0.37 -0.58
GM Grains 7.09 2.80 6.18 5.62 2.16 5.42
Non-GM Oilseed 0.04 -4.20 0.50 -0.33 -0.43 -0.54
GM OQilseed 5.56 1.64 5.16 4.57 4.70 5.02
Food 0.10 -0.19 -0.005 0.004 0.25 0.19
Livestock 0.38 -0.38 1.05 0.05 0.24 0.19
Meat and dairy 0.13 -0.31 0.11 0.01 0.11 0.22
Other foods 0.10 -0.16 0.06 0.04 0.12 0.20
Table 2 Welfare effects of productivity gains in GM and GM-related sectors
Region Equivalent Decomposition of welfare results, contributions of
variation (EV) ($ US million): ®
$ US million Allocative Technical Terms of trade
effects change

Australia -7 3 13 -22
North America 2455 -37 2700 -249
New Zealand -11 -1 0 -10
China 222 29 167 25
Japan 182 40 3.5 160
EU 546 275 219 71
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Table 3 Effects on selected regions of productivity gains and consumer resistance in
GM and GM-related sectors

Percentage change

Australia North New EU China Japan
American  Zealand

Production

Non-GM Grains -0.58 -2.15 -0.16 -0.86 -0.76 -1.29
GM Grains 3.37 4.43 3.73 6.04 6.54 6.96
Non-GM Oilseed -1.69 -1.50 -0.32 -0.77 -0.97 -0.52
GM Oilseed 1.16 2.23 -1.38 3.22 4.67 -3.09
Food -0.11 0.27 -0.13 -0.003 0.01 -0.03
Livestock -0.22 0.31 -0.38 -0.03 0.06 -0.06
Meat and dairy -0.15 0.20 -0.22 -0.01 0.04 -0.04
Other foods -0.03 0.22 -0.08 -0.03 0.02 -0.002
Exports

Non-GM Grains -1.14 -0.12 -1.72 -1.09 -1.20 -2.27
GM Grains 1.76 3.83 2.12 3.56 2.55 -2.25
Non-GM Oilseed -2.34 0.43 -2.99 -1.32 -0.99 -3.23
GM Oilseed -1.36 2.58 -1.89 -1.18 -0.36 1.85
Food -0.19 0.86 -0.14 -0.04 -0.37 -0.43
Livestock -0.67 1.89 -1.22 -0.34 -0.36 -0.58
Meat and dairy -0.43 0.97 -0.31 -0.08 0.05 -0.35
Other foods -0.20 0.74 -0.26 -0.17 -0.19 -0.30
Imports

Non-GM Grains -0.30 -2.83 0.39 -0.76 -0.39 -0.57
GM Grains 6.50 2.80 4.35 4.49 2.35 5.27
Non-GM Oilseed 0.03 -4.24 0.48 0.14 -0.46 -0.44
GM Oilseed 5.58 1.67 3.18 0.36 4,76 4,05
Food 0.10 -0.19 -0.005 0.004 0.25 0.19
Livestock 0.38 -0.38 1.05 0.05 0.24 0.19
Meat and dairy 0.13 -0.31 0.11 0.01 0.11 0.22
Other foods 0.10 -0.16 0.06 0.04 0.12 0.20
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Table 4 Welfare effects of productivity gains and consumer resistance in GM and
GM-related sectors

Region Equivalent Decomposition of welfare results, contributions of
variation (EV) ($ US million): ®
$ US million Allocative Technical Terms of trade
effects change
Australia -7 3 13 -22
North America 2468 -24 2700 -248
New Zealand -11 -1 0 -10
China 222 29 168 25
Japan 182 39 4 160
EU 544 273 219 71

% Does not include miscellaneous factors affecting EV.

Table 5 Effects on selected regions of productivity gains, consumer resistance and
regulations costs in GM and GM-related sectors

Percentage change

Australia North New EU China Japan
American  Zealand

Production

Non-GM Grains -0.86 -2.08 -0.19 -1.24 -0.71 -2.05
GM Grains 3.09 4.45 2.84 5.68 6.59 6.19
Non-GM Oilseed -2.59 -1.22 -0.50 -1.66 -0.93 -1.43
GM Oilseed 0.11 2.32 -3.13 2.22 4.70 -4.16
Food -0.12 0.27 -0.13 -0.01 0.01 -0.03
Livestock -0.21 0.31 -0.36 -0.06 0.06 -0.06
Meat and dairy -0.14 0.20 -0.22 -0.02 0.04 -0.03
Other foods -0.07 0.22 -0.08 -0.06 0.02 -0.002
Exports

Non-GM Grains -2.63 0.28 -3.83 -2.52 -0.96 -3.43
GM Grains 0.26 4.07 0.20 2.20 2.77 -3.61
Non-GM Oilseed -3.83 0.92 -4.91 -4.05 -0.34 -4.72
GM Oilseed -2.91 2.88 -3.81 -4.17 0.17 0.31
Food -0.18 0.84 -0.15 -0.03 -0.37 -0.42
Livestock -0.62 1.94 -1.12 -0.49 -0.25 -0.49
Meat and dairy -0.42 0.98 -0.30 -0.11 0.06 -0.32
Other foods -0.33 0.77 -0.25 -0.23 -0.15 -0.27
Imports

Non-GM Grains 1.50 -2.89 1.23 -0.69 -0.93 -0.48
GM Grains 8.31 2.75 512 455 1.82 5.37
Non-GM Oilseed 0.63 -4.31 1.28 0.83 -0.54 -0.44
GM Oilseed 6.23 1.63 3.89 1.07 4,73 4.08
Food 0.08 -0.18 -0.001 -0.01 0.25 0.18
Livestock 0.38 -0.39 1.04 0.09 0.19 0.18
Meat and dairy 0.11 -0.32 0.12 0.001 0.10 0.21
Other foods 0.14 -0.18 0.03 0.04 0.11 0.19
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Table 6 Welfare effects of productivity gains, consumer resistance and regulation costs

in GM and GM-related sectors

Region Equivalent Decomposition of welfare results, contributions of
variation (EV) ($ US million): ®
$ US million Allocative Technical Terms of trade
effects change
Australia -18 1 -1 -18
North America 2488 -25 2700 -226
New Zealand -11 -1 -1 -9
China 215 25 168 23
Japan 172 38 1 153
EU 209 269 -94 50

% Does not include miscellaneous factors affecting EV.

Figure 1  Growth in global area of key GM crops: 1995-2001
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Figure 2 Production nesting
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