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How are the science, technology and innovation-related food
security projects in your country or region resilient, sustainable,
replicable, and/or scalable? Can you give any success stories or
examples in this regard from your country or region?

General information:

The University of Natural Resources and Life Sciences Vienna (BOKU) can
be regarded as the leading Austrian academic institution focusing on relevant
areas like Food Safety and Food Security.

As national authorities, both the Ministry of Health and Women’s Affairs and
the Ministry of Agriculture, Forestry and Environmental Affairs play a leading
role in securing quality of life as well quality of foods in Austria. In addition the
AGES (Austrian Agency for Health and Food Security) monitors, control and
assesses all issues related to this topic.

Success stories:

. From the academic viewpoint, the international Master curriculum
“Safety in the Food Chain” (www.safetyinthefoodchain.com) can be
introduced as a success topic/story in terms auf academic education
programs. This international program (120 ECTS) has been
established in 2006 and is based on an international cooperation with
other European universities (belonging to the Euroleague of Life
Science Universities). This cooperation includes the mandatory
movement of the students to one of the partner universities for one
semester (e.g. Wageningen University & Research Centre, University
of Copenhagen and others) to follow some educational modules run by
outstanding experts in particular fields of knowledge around food
safety. Thus each partner university offers those courses to the visiting
students (supported by Erasmus scholarships), where special (food
safety-related) expertise exists. During last years, several students
from Austria but also coming from other continents were enrolled in the
Safety in the Food Chain program that can be regarded as an
important pacemaker in the field of sustainable education.

Only last year, Prof. Wolfgang Kneifel (Dept. of Food Science and
Technology) was invited by the European Food Safety Authority to
introduce this program as a special example to a broad audience of an

International Food Safety Conference held during the EXPO in Milan,

Italy.

Other topics scientifically driven by BOKU and specifically related to

Food Security (ensuring and maintaining food supply) are covered by
other research units at BOKU. For example areas such as Resilience
of the Agro Business in Austria, Protection of Biodiversity and
Landscapes are within the research spectrum and managed by Profs.
Jochen Kantelhardt and Erwin Schmid from the Dept. of Economics
and Social Sciences.

. The organization of the 18th edition of the “Tropentag” on
“Solidarity in a competing world - fair use of resources"” in Vienna. The



“Tropentag” was initiated by the Humboldt University in Berlin in the
year 1999. This conference is among others sponsored by UNIDO,
The Austrian Development Agency, The Austrian Federal Ministry for
Agriculture, Forestry, Environment and Water Management , the
German Federal Ministry for Economic Cooperation and Development.
At the 2016- conference food security challenges were discussed
in-depth amongst international top-experts.Special session were held
among others on on Cropping systems, Soil fertility and nutrient
management, Crop diversity and plant breeding, Environmental impact
on soil and crop health, Crop biotic stresses, Rice-Agriculture, different
aspects of Animal Science (e.g. Aquaculture and fisheries, ),
Agro-Forestry, Agrobiodiversity, ecology and ecosystem services.

See also:
http://www.tropentag.de/2016/abstracts/abstracts.php?menu=1&nolD=0&nop
oster=0&showtime=0#Subgroup_pl

2. Could you suggest some contact persons of the nodal agency
responsible for food security as well as any experts (from
academia, private sector, civil society or government) dealing with
science, technology, and innovation-related projects on food
security? We might contact them directly for further inputs or
invite some of them as speakers for the CSTD inter-sessional
panel and annual session

. Academia:

- Prof. Wolfgang Kneifel (Head of the Dept. of Food Science and
Technology) see:
https://forschung.boku.ac.at/fis/suchen.person_uebersicht?sprache_in
=en&ansicht_in=&menue_id_in=101&id_in=410

- Prof. Michael Hauser (Centre for Development Research at

the The University of Natural Resources and Life Sciences Vienna.

- see:
https://forschung.boku.ac.at/fis/suchen.person_uebersicht?sprache
_in=ené&ansicht_in=&menue_id_in=101&id_in=5013

Prof. Hauser is also an expert on SRI - System of Rice

Intensification

. Ms. DI Elfriede Fuhrmann, Federal Ministry of Agriculture,
Forestra and Water management Elfriede. FUHRMANN@bmlfuw.gv.at
. Agencies : There exist a network "FOODSECURITY.at" which can
be reached at the e-mail address office@foodsecurity.at.

Contact persons at the network's individual partner institutions are:
http://www.ages.at : AGES (Austrian Agency for Health and Food
Safety GmbH): Mr. DDr. Alois Leidwein

http://www.ama.at : AMA (Agricultural market Austria): Ms. DI
Annekatrin Winkler :

http://www.agraroekonomik.at/ AWI (Federal Institute of Agricultural
Economics): Mr. DI Thomas Resl, MSc



https://www.icc.or.at/ ICC (International Association for Cereal Science
and Technology): Ms. Mag. Michaela Pichler

3. Do you have any documentation, references, or reports on the
specific examples cited or food security in your country or
region?

Attached:

- The report on “Food Security Risks for Austria Caused by
Climate Change (Attachment 1)

- The English abstract on the Austrian Study on “Risk and Crisis
Management on Food Security” (Attachment 2) and its full report in
German (Attachment 3)
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Project abstract

Food security is an upcoming challenge. Major risks that will affect agricultural production
and food supply in Austria are:

1) Climate change: Changing climatic and extreme weather conditions will affect
agricultural production in Austria/Europe. Effects on yields are limited in general until
2050.

2) Import of energy: Austria is dependent on imports of crude oil, diesel, natural gas, as
well as on nitrogen fertilizer produced by natural gas.

3) Import of inputs (phosphate fertilizer): Austrian agriculture is dependent on imports of
phosphates.

4) Import of high-protein feedingstuffs: Austrian life stock production is dependent on
imports of soy bean meal and vegetable oils.

5) Suspicion about technical progress: Public suspicion about technical progress (e.g.
biotechnology in agriculture) may hinder potential increases in yields or plant and
animal health.

6) Biofuels and biofibres: Uncontrolled expansion of areas farmed for biofuels and
biofibres may limit the area needed for food and feed production.

7) Agricultural policy: Political targets towards a low input agricultural policy may reduce
production potential.

Calculations in order to derive scenario-specific assumptions for the simulation models
show that the largest positive changes in crop yields are due to technical progress.
Largest negative changes in yields are generally due to lower intensity levels of inputs.
Lower intensity levels may be the result of shortages in input supply or due to political
presuppositions. In a scenario assuming a relatively high level of agricultural productivity
the acreage necessary to meet present-day food security demands of Austria decreases
by -29% (—297.000 ha) in 2050, relative to 2015.

In a scenario assuming a relatively low input level and an uncontrolled demand for biofuel
and biofibres the acreage needed to meet present-day food security demands of Austria
increases by +109% (+1.1 Mio ha) in 2050.

Environment-friendly agriculture and more acreage used for biofuel and fiber production
align if technical progress is not prohibited. In a scenario assuming a medium input level,
expanded areas farmed extensively and more acreage used for biofuel and fiber at the
same time self-sufficiency rates and the acreage required to meet present-day food
security demands of Austria stay stable, if technical progress is accepted.
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Executive Summary

Problem Statement

Food security has been recognized as a threat by the UN, the US and the EU since 2008.
Relating to Austria, climate change will influence agricultural production potentials in the
country itself and in regions from which Austria imports food and feedingstuffs. Beyond
that the resilience of Austrian food supply could be affected by threats of political conflicts,
as well as social and political rebellions for food, feed and water. Additionally, the global
competition for agricultural commodities, agricultural land and energy, all of which are
needed for agricultural production, also presents a potential hazard to Austria’s food

supply.
Research Questions

Up to now there is no available common assessment, which takes into account all the
effects of climate change on agricultural production in Austria and its food resilience
regarding imported feed, food, energy and all other inputs relevant for agricultural
production. Food resilience is not only affected by the effects of climate change on global
agricultural production, but also by socio-economic influences and security policy risks.
The main task of the project is to identify the major hazards, threats and risks that could
affect agricultural production and food supply in Austria.

Aim and results

The aim of the project is to analyse potential food security risks for Austria in 2030 and
2050 taking into account climate change as well as political and socio-economic risks.

Based on the concept of supply balances, this study simulates the impacts of various risks
on Austria’s food self-sufficiency, allowing for the deduction of risk management options
as well as political recommendations regarding communicating and managing food
security risks.

Project design

Project results were derived in two stages, relying on a forecast and a risk assessment
(National Resilience) in the first stage and then using a second risk assessment with the
help of threat scenarios analysed with Monte-Carlo-Simulations.

For the years 2030 and 2050, data on production, acreage and livestock, consumption,
trade balances and self-sufficiency rates (SSR) in Austria were simulated. The underlying
dataset is based on historical data (2000 to 2010) and forecasted data (2011 to 2020,
based on the OECD-FAO agricultural outlook 2011 for the EU-27). In 2015, Austria is
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supposed to be a net exporter of sugar, beef and veal. The country’s production of cereals
(wheat and coarse grains), starch crops, pork and milk is quite self-sufficient. Austria is a
net importer of oilseeds, oil seed meals, vegetable oils, fruits, vegetables, poultry meat,
eggs, butter and fish. The protein component of oilseed meals is essential for Austrian pig
and poultry production. Thus the SSRs for pork and poultry meat are more or less
dependent on the foreign protein supply. Most food (sector) imports originate from EU-
member states. With SSRs of 9% for soybeans, 49% for oil seed meals and 46% for
vegetable oils, the EU-27 has comparable shortages in the own production of relevant
agricultural products as Austria.

In addition, Austrian agricultural production depends on imports of energy (crude oil,
diesel, natural gas) and agricultural inputs (phosphate, potassium, pesticides, vitamins,
essential amino acids). The production of nitrogen fertilizers is again dependent on energy
imports. Certain inputs were not taken into account for further risk analysis, for example
inputs that the EU industry could substitute extra-EU imports with its own short term
production and products not necessary for food security (e.g. bananas). Supply risks
regarding energy and inputs were assessed by taking into account the National Resilience
(NR) expressed by the Social Resilience (SR) and the Political Resilience (PR) of the
respective exporting countries.

Austria is heavily dependent on imports of high strategic importance originating from non-
EU countries. These are energy (crude oil, natural gas), phosphate fertilizer and protein
feedingstuff, especially soy.

The main crude oil suppliers to Austria are (in descending order with respect to amount)
Kazakhstan, Libya and Nigeria. Gas is mainly imported from Russia and Norway. In
Central Asia, Kazakhstan can be expected to be a stable trading partner for oil- and gas
exports to Austria in the near future, leading up to 2050. In North Africa, Libya’s future
development is highly uncertain due to the physical and political devastation caused by
the regime change in 2011. Internal as well as external threats can impede the reliability
of hydrocarbon exports from Libya to Austria in the next few years, possibly even over
several decades. In West Africa, Nigeria will remain a highly potent, but also an uncertain
exporter of hydrocarbons to Austria until 2015 and most probably beyond that. Russia has
no imminent internal or external risk factors in the near-term and can continue to be
viewed as a stable exporter of crude oil and gas for Austria until 2015. In the mid-term
there will be an increasing demand from Asian parties for these commodities, i.e., Austria
will have to be prepared to face increasing competition. Norway, one of the most stable
Scandinavian countries, has extensive proven as well as newly discovered oil- and gas
reserves. This will enable its industry to supply hydrocarbons to Austria with high reliability
until 2050.

Morocco is by far the largest phosphate supplier worldwide, accounting for more than 90%
of all imports to Austria. Within the global phosphate market, Morocco will become the
most important global player in the 21st century. Morocco’s monopoly position will lead to
a highly global competitive situation, which Austria will have to prepare for in order to
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ensure uninterrupted exports for its agriculture sector. Further internal and external
security threats, as well as demographic, societal and environmental pressure, threaten
Morocco’s stability in the short- as well as in the long-term.

Austria is heavily dependent on reliable soy exports from the Americas, originating from
Brazil, USA and Argentina. Though it still suffers from problems with poverty, corruption
and crime, Brazil is a success story of a country rising in regional and international
importance, reflecting its high internal stability and lack of major external threats in the
short- and long-term. These characteristics reduce the likelihood of Brazil failing to live up
to its commitments as reliable soy exporter to Austria also until 2050. The future of the
United States as a reliable soy supplier is uncertain. Its hitherto dominance as the only
global superpower will be questioned by other uprising nations. Further, the USA will have
to deal with an aging population, diabetes and strong immigration from Mexico.
Argentina’s farm belt is larger than the territory of France. This implies that the country is
and will remain a key exporter of agricultural products in general, and of soy in particular.
Neither its policy uncertainty, nor its chronic labor disruptions will change this status
significantly in the long term.

Efforts to increase agricultural production must be multiplied in the years to guarantee an
adequate diet and nutrition for all of the world’s population at accessible prices and not
only for those people living in countries with sufficient purchasing power. As we doubt that
agricultural production will increase sufficient, more competition and higher prices for food
and inputs will be the consequence.

Food security risks for Austria in 2030 and 2050 are addressed by establishing two simple
(non-economic) simulation models based on historical and forecasted data. To account for
uncertainties, Monte-Carlo simulations are employed. Three different scenarios are
analysed with each simulation model: a “best case”, a “most-probable case” and a “worst
case” scenario based upon a “base line” scenario. These four scenarios take into account
the impacts of climate change on Austrian crop yields (per hectare), technical progress
and supply risks (in terms of shortages of phosphorus (P-) fertilizer as well as less imports
of protein feedingstuffs). Shortages in energy supply and relatively high energy prices,
respectively, were considered the worst case scenario via a significant expansion of areas
used for bioenergy and fibers. The scenarios are comprised of political presupposition.
The best case scenario accounts for a sustainable intensification of agricultural
production. The worst case scenario considers an extensive agricultural production as a
presupposition all over the country. The most-probable case scenario follows more or less
the current political trend towards a more ecologically agriculture.

Both simulation models calculate product-specific self-sufficiency rates for 2030 and 2050,
given the underlying scenario assumptions. The first simulation model solves for the
acreage needed to guarantee the required production (taking trade balances as given).
The second simulation model solves for the required net imports or possible net exports
(taking acreage and livestock as given).
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Results

Major risks identified in this project that will affect agricultural production and food supply
in Austria:

1) Climate change: Changing climatic and extreme weather conditions will affect
agricultural production in Austria/Europe. Effects on yields are limited in general until
2050.

2) Import of energy: Austria is dependent on imports of crude oil, diesel, natural gas;
dependency on nitrogen fertilizer produced by natural gas (Haber-Bosch-process)

3) Import of inputs (phosphate fertilizer): Austrian agriculture is dependent on imports of
phosphates

4) Import of high-protein feedingstuffs: Austrian life stock production is dependent on
imports of soy bean meal and vegetable oils

5) Suspicion about technical progress: Public suspicion about technical progress (e.g.
biotechnology in agriculture) may hinder potential increases in yields or plant and
animal health

6) Biofuels and biofibres: Uncontrolled expansion of areas farmed for biofuels and
biofibres may limit the area need for food and feed production

7) Agricultural policy: Political targets towards a low input agricultural policy may reduce
production potential.

Besides a baseline scenario, the other three scenarios developed for the simulation
models can be described as follows:

1. The best case scenario assumes a relatively high level of agricultural productivity. All
possibilities offered by technical progress (including biotechnology) are used. The
intensity level of inputs increases relative to 2015. There are no shortages in energy,
inputs and imports of feedingstuffs. Demand for biofuel and biofibres increases up to
10% of the acreage of the respective crops.

2. The most probable case scenario assumes a medium input level and expanded areas
farmed extensively (25%). Technical progress as well as normal breeding efforts but
also shortages in phosphate and high-protein feedingstuffs are taken into account.
Demand for biofuel and biofibres increases up to 12% of the acreage of the respective
crops. The scenario assumes that the share of extensive agriculture is higher. The
most probable case scenario mirrors more or less the current political focus.

3. The worst case scenario assumes a relatively low input level (100% organic
agriculture). Shortages in fossil energy, phosphate fertilizers and high-protein
feedingstuffs are also taken into account. In this scenario, demand for biofuel and
biofibres increases up to 40% of the acreage of the respective crops.
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Given a set of different assumptions, the largest positive changes in crop yields per
hectare (relative to 2015) are due to technical progress. However, the largest negative
changes in yields are generally due to lower intensity levels of inputs. Lower intensity
levels may be the result of shortages in input supply or due to political presuppositions.

Model 1: Virtual acreage needed

In the best-case scenario the required total acreage to meet present-day food security
demands of Austria decreases by -19% (-191,000 ha) in 2030 and by -29% (—297,000 ha)
in 2050, relative to 2015 of the total arable acreage considered in the project (1,032.7
million ha, forage cropping was not included).

In the most-probable case scenario the required acreage to meet present-day food
security demands of Austria increases in 2030 by +1% (+10,000 ha) in 2030 and
decreases by -6% (-60,000 ha) in 2050, relative to 2015.

The most-probable case scenario indicates that more extensive agriculture and more area
used for biofuel and fiber production is possible if technical progress is not prohibited.

In the worst-case scenario the acreage needed to meet present-day food security
demands of Austria increases by +99% (+1,025,000 ha) in 2030 and by +109%
(+1,128,000 ha) in 2050, relative to 2015.

Model 2: Self Sufficiency rates (acreage is taken as given)

If the acreage is taken as given in the best-case scenario the SSRs change as follows
(in %age points relative to 2015):

SSR Best-case scenario 2030 2050
Wheat +30% +52%
Coarse Grains +24% +45%
Protein Crops +5% -3%

Sugar -3% +16%
Beef & Veal +1% -1%

Sheep Meat +5% +4%
Pork +6% +4%
Poultry +3% +2%
Raw Milk +6% +5%
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In the most-probable case scenario  absolute changes in SSRs (in %age points) relative
to 2015 are as follows:

SSR: Most -probable case 2030 2050
scenario

Wheat +4% +8%

Coarse Grains +8% +21%
Protein Crops -5% -15%
Sugar -11% +3%

Beef & Veal -12% -15%
Sheep Meat -2% -3%

Pork -4% -5%

Poultry -3% -4%

Raw Milk -3% -5%

In the worst-case scenario the product-specific SSRs change in the following way (in
%age points relative to 2015):

SSR Worst -case scenario 2030 2050
Wheat -44% -45%
Coarse Grains -44% -46%
Protein Crops -28% -36%
Sugar -63% -67%
Beef & Veal -26% -28%
Sheep Meat -9% -10%
Pork -14% -15%
Poultry -10% -11%
Raw Milk -13% -14%

The project team defined risk management options, recommendations and a
communication strategy:

Recommendations

Based on the findings and results of this project, the following recommendations may
assist decision makers in meeting Austria’s future food security:

Climate change and agricultural production in Austria

All specific scientific research on climate change indicates that agriculture has to adapt to
it. Following the 5th report of the IPCC on climate change, Austria will have to face more
and more extreme weather situations, which will especially influence agricultural
production. Yields, sale volumes of farms, prices of agricultural products and farmers’
income may fluctuate strongly year by year. Feed and food markets will be more volatile.
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Therefore we recommend

- State financed storage of key agricultural products to stabilize markets and
guarantee supply in years with low yields.

- Subsidized assurances, either with respect to production or based on the average
yearly farm income, to sustain the economic viability of farms (investing power)
and farmers’ incomes.

- Enhancing research and plant breeding particularly regarding drought and heat
tolerant varieties.

- Market support policy that stabilize prices and farming systems that increase
yields.

Dependency on imports of crude oil, diesel, natural gas; dependency on nitrogen fertilizer
produced by natural gas.

Austria is heavily dependent on imports of high strategic importance originating from non-
EU countries. These imports include energy (crude oil, natural gas), phosphate fertilizer
and protein feedstuffs, especially soy.

The main crude oil suppliers to Austria are (in descending order with respect to amount)
Kazakhstan, Libya and Nigeria. Natural gas is mainly imported from Russia and Norway.
Kazakhstan can be expected to be a stable trading partner for oil- and gas exports to
Austria in the short-term and in the subsequent period leading up to 2050. Libya'’s future
development is highly uncertain due to the physical and political devastation caused by
the regime change in 2011. Nigeria will remain a highly potent, but also an uncertain
exporter of hydrocarbons to Austria until 2015 and most likely beyond that. Russia has no
imminent internal or external risk factors in the near-term and can continue to be viewed
as a stable exporter of crude oil and gas for Austria until 2015; in the mid-term Austria will
have to be prepared to face increasing foreign competition for Russian oil and gas.
Norway will be able to supply hydrocarbons to Austria with high reliability until 2050.

Worldwide reserves of petrol as well as natural gas are already limited and prices are
relatively high, when compared to output prices of agricultural production. Different
economic sectors in Austria are heavily competing with respect to petrol and natural gas
based energy use. Most of the competitors have higher values added than agriculture,
which finally could result in the situation that agriculture will not have access to affordable
and economically justifiable energy.

We recommend

- raising Austria’s self-sufficiency rate in the energy sector
- limiting the use of petrol and natural gas based energy to those sectors, where no
other energy use is technically or economically possible (e.g. energy for mobility)

- replacing fossil energy (natural gas) by alternative energy sources (wind power,
solar energy) for the production of nitrogen fertilizers
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- enhancing fertilization efficiency and fostering research to develop methods and/or
plants to fix nitrogen by plants (due to the dependency on imports of fossil energy
for the production of nitrogen fertilizer)

- increasing the production of biofuels as well as of biogas. Agriculture should be
able to produce the energy needed for agricultural production and food logistics.
Using bio-waste, which accumulates year by year in Austria and originates from
households, gastronomy and the food industry, it should be possible to reduce the
demand for area. Austria should foster investments and research to enhance
energy efficiency and eventual development of new generations of biofuels

- diversifying suppliers of crude oil and doing so, minimizing the risk of getting cut off
from supply in the short and medium term.

- assisting in building up stable political institutions in exporting countries Austria is
depending on.

Dependency on imports of phosphates and other inputs

Concerning phosphate, Morocco (by far the largest phosphate supplier worldwide,
accounting for more than 90% of all imports to Austria) will be in a monopolistic position in
the 21* century. Austria will have to prepare how to ensure an uninterrupted export for its
agriculture sector from only one dominant exporter who is threatened by internal and
external security threats as well as by demographic, societal and environmental pressure.

We recommend

- limiting the use of phosphor to the minimum demand of soil based crop production

- enhancing recycling of phosphor from any source available, e.g. sewage treatment
plants (laundry detergents) or extracts from bones in abattoirs

- enhancing scientific research on the mobilization of phosphates in agricultural
soils, even that only postpones the problem

- assisting in the building of stable political institutions and peace-keeping actions in
phosphate exporting countries

- ensuring technical and legal facilities to produce vitamins, essential amino acids
and pesticides in Europe. Problems according to lacking supply of pesticides may
be crucial as crop pests and invasive pathogens already have a high impact on
yields. Climate change may intensify the risks.

Dependency on imports of high-protein feedingstuffs

Austria depends on feed imports, especially vegetable oils and soy bean meals. The
protein component in oil seed meals is essential for Austrian pig and poultry production. In
spite of successfully raising the supply rate for oil seed meals by reinforcing domestic oll
plant cultivation, the protein supply situation remains crucial. Soy products are particularly
important to ensure high quality protein feeding components for pigs and poultry.
Throughout the last decades, there have been strong efforts to increase soy bean
production, but it seems difficult to achieve the necessary level of production. Planting in
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more areas is restricted by a lack of varieties adapted to Austrian climate conditions
(yield) and difficulties in weed.

Consequently, the good or at least relevant self-sufficiency levels for pork and poultry
meat are more or less superficial and very sensible to shortages of the protein supply from
abroad.

Actual per capita consumption of meats in EU and Austria is double the world level.
Enforcement of oil crops cultivation within the last decade and industrial use of cereals in
Austria have been lowering protein imports, but only gradually.

With SSRs of 9% for soybean, 49% for oil seed meals and 46% for vegetable oils EU-27
exhibits similar shortages in the home production of relevant agricultural products as
Austria.

We recommend

- enhancing the cultivation of soy beans for feed production in central Europe
(Austrian protein strategy, “Danube soya”)

- enhancing research and debate possible methods and technologies to solve weed
control problems in soy cropping

- raising protein feed production by using more low quality wheat for protein
production

- considering the use of animal offal and meat and bone meal for feeding of non-
ruminants

- re-evaluating hygiene provisions to facilitate feeding of food waste to animals

- promoting responsible use of meat in human diets. For Austria effects of reducing
meat consumption in diets on food security may be limited as around 70% of
Austrian farm land can only be used by meat production due to geography (alpine
grassland) or climatic or natural limitations (crops grow only in feeding quality crop
rotation).

- promoting the consumption of meat less dependent on high quality protein
feedingstuffs and using feed from grassland and meadows (ruminants)

- assisting in building up stable political institutions in exporting countries Austria is
depending on.

- With regard to soy, Austria should strengthen its relationship with Brazil as soy
supplier bearing in mind that its other two main soy suppliers, Argentina and the
US, may have problems in meeting Austria’s demands in the long term.

13



ACRP — Austrian Climate Research Program - s.call for Proposals

Technical progress

We recommend

- intensifying scientific and applied research programs in plant and animal breeding.
The final objectives should be to raise yields in crop production as well as to
increase the transformation rate in animal production

- informing the public on food security issues and present-day agricultural
production methods and enable an unbiased dispute on technologies and
measures to enhance productivity.

Biofuels und biofibres

The increased use of biofuels and biofibres is an important pillar of the bioeconomy. Fossil
energy resources will decrease within the next decade and may end anytime. Prices will
rise. Political risks may disturb markets even earlier.

We recommend

- enhancing the use of biofuels and biofibres to moderate prices for fossil energy
and to steer demand and supply (in addition to other alternative energy sources)

- preventing an unlimited expansion of areas farmed for biofuels and biofibres, by
steering the demand for food, feed, fibers and fuel.

We have to keep in mind that higher farm prices in developing countries increase incomes
in agriculture, lead to rising investments, and at the same time favor productivity in the
sector. There are still about 1.4 billion people living on less than US$1.25 a day. At least
70% of the world’s very poor people are rural. 80% of rural households farm to some
extent, and typically it is the poorest households that rely most on farming and agricultural
labor.! 90% of the world’s extremely poor are small-scale farmers.? Higher agricultural
prices, even if they are results of biofuel production, may reduce poverty and boost
investments in a long term.?

Policy presuppositions

A low input agriculture may be more environmental friendly. Extensive low input
agricultural production needs more area to produce the same amount of food. Extensive
low input agricultural production in Austria is factually an export of virtual area to
developing countries. Dependencies grow strongly.

! IFAD, Rural Poverty Report 2011, 5, http://www.ifad.org/rpr2011/index.htm

>FAO (2012): Livestock sector development for poverty reduction, Rome; Xl

3 Farming Systems and Poverty, Improving farmers' livelihoods in a changing world

14



ACRP — Austrian Climate Research Program - s.call for Proposals

A high input agriculture may harm the environment and interfere with animal welfare
believes. SSR may be increased significantly.

We recommend

- balancing reasons between political presupposition towards a low input agriculture
(e.g. organic farming) and a high input agriculture. Sustainable agricultural
intensification (more intense production taking into account environmental aspects)
may be a solution

- limiting the consumption of agricultural area by construction of e.g. building, roads
or reforestation and other use.

Summarizing the models show the following: There is a scope for additional production
and acreage available to substitute imports or enhanced production of biofuels and
biofibres if Austrian politics faces the risks described and enables sustainable
intensification of agricultural production. Food security risks and the dependence on
imports could be reduced.

If policy imposes extensive agricultural production systems all over the country and does
not tackle the upcoming fossil energy supply bottleneck self-supply rates will decrease
and food security risk will increase dramatically already in 2030.

If the currently postulated farming policy will be continued and technological progress is
permitted up to a certain degree at the same time there will be a slight scope for more
acreage as well as for organic production (up to 25%) and for the production of biofuels
and biofibres (up to 15%). The food security risks will increase because of slightly
decreasing self-supply rates and the increasing uncertainties in exporting regions.
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1. Technical and Scientific Content, Objectives and
Applied General Methodology of the Project

Authors:

AGES: Alois Leidwein, Veronika Kolar, Klemens Mechtler, Andreas Baumgarten, Helene
Berthold, Gudrun Strauss, Johann Steinwider

OVAF: Martin Maria Krachler, Martin Weig|

BOKU: Josef Eitzinger, Herbert Formayer, Martin Schlatzer
LKO: Giinther Rohrer, Martin L&dngauer

PLUS: Friedrich Steinh&ausler, Lukas Pichelstorfer

AMA: Janos Vas, Andrea da Silva Teixeira

AWI: Christoph Tribl, Josef Hambrusch, Karl Ortner

1.1. Hypotheses to be tested

Climate change will influence agricultural production potentials in Austria and in regions
from which Austria imports food and feedingstuffs. Beyond that the resilience of Austrian
food supply will be affected by threats caused by political conflicts, by social and political
riots for food, feed and water as well as the global competition for agricultural
commodities, agricultural land, energy and fertilizer needed for agricultural production.
The project analyses these food security risks by carrying out the following activities:

- International data collection with regard to pertinent literature, compilation and
review of literature, assessment of models, studies and expert assessments.
Expert assessments are performed in data workshops and focus groups.

- Risk analysis of threat scenarios. The impact of the threat scenarios is analysed
using mathematical simulations.

- Development of recommendations on crisis mitigation.

1.2. Starting point

Austria depends heavily on imports of energy, fertilizer, oilseeds, fruits and vegetables.
Austria has a self-sufficiency rate of above 100% only in the cases of sugar, wheat, beef
and veal meat, pork and milk. These data are misleading as the high self-sufficiency rate
of meat heavily depends on imports of protein feedingstuffs. There are also particularly
significant imports of soybean meal, amounting to 500,000 tons per year. Soybean meal is
essential in pork and poultry production. Without imports of soybean meal the self-
sufficiency rate for pork and poultry would decrease dramatically. In addition, Austrian
agriculture depends highly on imports of energy (crude oil, diesel and gas) and phosphate
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fertilizer for agricultural production (Phosphorus is essential for plant growth and thus for
agricultural crop yields and food production: Cooper et al 2011). It is mostly excavated in
mines and processed with Nitrogen and Potassium to mineral fertilizers (Cordell et al.
2009).

It is evident that there are risks for food security, if production potentials in Austria and
central Europe are affected through climate change and other supply risks, e.g. import
shortfalls of crude oil, diesel, gas, phosphate fertilizers or feedingstuffs. Supply risk may
be caused by political or socio-economic conflicts as well as the global competition for
agricultural commodities, agricultural land and energy and fertilizers needed for
agricultural production. Due to climate change there could arise a new competition for
exported feed or even shortages of food in exporting countries. This study aims to
contribute to the literature on food security risks for Austria.

To ensure the future food supply — and therefore the national security —different policies
and strategies were chosen by some states. One of these solutions is the acquisition of
agricultural land in foreign countries through private firms, formation of national
organizations or use of private investors. The 4th IPCC report acknowledges the
worldwide effects of climate change and reasons why these effects will increase over the
next decades. Measures to mitigate climate change as well as measures to adapt to
changing conditions due to climate change will become more important in the future. In
June 2008 the U.S. Military Advisory Board classified for the first time the risk of climate
change on U.S. national security as being higher than the risk of a military conflict during
the Cold War and other global risks. The European Union has also recognized climate
change as a risk for food security. In the debate on the CAP post 2013, concerns about
food security while world's population is rapidly increasing, good land management, the
problem of climate change and balanced development of rural areas are addressed as
key issues. Until now, the EU Council only identified food security risks for developing
countries. In the United Kingdom an intensive scientific debate on national food security
has already started. Under these changed premises the UK is the only member state to
accomplish a national food security assessment untii now. The Austrian
Lebensmittelbewirtschaftungsgesetz 1997 provides measures to securing food supply in
emergency situations in Austria. Agrarmarkt Austria may be mandated by the Federal
Ministry for Agriculture, Forestry, Environment and Water Management with this
responsibility. Food security as a general issue is in the initial phase of political
discussion. Up to now real data on forecasts regarding food security risk in Austria are
unavailable.

1.3. Project Objectives

Risk analyses on food security risks for Austria and development of data collection on the
resilience of food supply mark a sensible starting point for the following efforts towards
further research and political discussion:

17



ACRP — Austrian Climate Research Program - s.call for Proposals

- ldentification and characterisation of hazards and threats to agricultural production
caused by climate change in Austria in 2015 and for 2030 and 2050.

- ldentification and characterisation of hazards and threats to agricultural production
caused by climate change and by socio-economic developments, population
growth and political conflicts in exporting states regarding food and feed supply
resilience as well as for fertilizer and energy supply needed for agricultural
production in Austria in 2015 as well as 2030 and 2050.

- Simulation of risks and their impacts on Austrian food balances

- Assessment of identified and characterised food security risks. Description of food
security risks by threat scenarios. Assessment of their consequences and
description of their impacts on Austrian food security in 2015 and for 2030 and
2050.

- Development of risk management options and recommendations to implement
political strategies for ensuring food security in Austria (risk management
concerning food security risks).

- Development of a communication strategy concerning food security risks for target
groups like policy decision makers, producers and consumers.

1.4. Background 1: Climate Change and Agricultural
Production

In agricultural crop production, it is rarely realized that, for the past few decades, the
underlying biophysical conditions for agro-ecosystem resources and functions (i.e., that
agro-climatic conditions remain stable long-term) have been significantly altered by
climate change (e.g., Assad et al. 2004, Perarnaud et al. 2005, Oberforster 2009). In
recent years scientific research, scientific research has made several attempts to assess
future climate-based agricultural risks in crop production and searching for adaptation
measures for agricultural systems. Global warming is expected to modify the plant
response and agricultural activity. For the determinant herbaceous crops, the increase of
temperature could shorten the cycle and result in decreased yield. The accumulation and
extension of periods of drought and the appearance of new invasive species will increase
the risks for agricultural production and yields significantly. Rainfed summer crops are, as
many simulation studies show, in general at a higher yield risk under most climate
scenarios (Eitzinger et al., 2009). For example, significant negative yield effects for
several crops and additional water demand for irrigation might be expected in southern
Europe (e.g. Marrachi et al., 2005) as well as in regions with low soil water availability
(Tubiello et al., 2000). The opposite will happen for crops with indeterminate cycle if the
irrigation water availability will increase. For tree crops, the temperature increase could
expand the suitable area for plants requiring high temperature, such as the grapevine
(Olesen and Bindi, 2004). The conditions for cropping could become more favourable
within the area of the Commonwealth of Independent States (CIS- former Soviet-Union).
Therefore, in addition to mitigation measures, agricultural adaptations to climate change
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will become more important in the future. European and Austrian agricultural production
will be affected seriously by climate change.

1.5. Background 2: Climate Change, Political Confli  cts and
Feed and Food supply

The current and the future climate have impacts on eco-systems, social systems and the
economy. Global population growth and climate change will influence the demand and
availability of food, feed and biomass for energy as well as energy and fertilizer for
agricultural production. Austria and most EU member states currently depend heavily on
imports of protein feedingstuffs, oilseeds, fruits and vegetables and on fuel and fertilizers
for agricultural production. The data are misleading as the high sufficiency rate of meat
heavily depends on imports of protein feedingstuffs. There are particularly significant
imports of soybean meal, amounting to 500,000 tons annually. Soybean meal is essential
for pork and poultry production. Without imports of soybean meal the self sufficiency rate
for pork and poultry will shrink dramatically. Due to climate change there could be a new
competition for exported feed or even shortages of food in exporting countries. In 2008
leading markets, like the European Union and the USA, concluded that climate change
and its consequences threaten our security policies, eco-systems and social systems (EU
security doctrine, Brussels, March 2008). Leading politicians expressed their concern that
future competition for food will deepen conflicts and could provoke wars and social and
political riots, e.g., Lee Hsien LONG, Prime minister, Singapore, 2008. In 2008 the first
indications of social riots occurred in Asia, Africa and the Carribean. Included among the
consequences of these riots were numerous deaths, the fall of Haiti's government, and
the announcement of food export-restrictions (e.g. rice from some Asian countries in
2008). As a result of these facts, this project will, with a detailed focus on Austria, take a
scientific assessment of the risks of climate change on agriculture and food industry
systems while also considering its global consequences on food security. To ensure the
future food supply — and therefore national security — several different solution statements
were already chosen by some states. One of these solutions is the acquisition of
agricultural land in foreign countries for example through acquisition by private firms,
formation of national organisations or use of private investors, such as:

- South Korea: Hyundai Heavy Industries buys farmland in Siberia; Daewoo
Logistics plans to lease 50% of the whole farmland of Madagascar.

- Japan: Mitsui Industries has bought 100,000 ha of farmland in Brasilia.

- China (p.R.): Acquisition/Leasing of 2.0 million hectare of farmland in foreign
countries.

- Saudi-Arabia: $ 4.3 billion land for rice farming in Indonesia.

- Gulf Cooperation Council: Acquisition of agricultural areas in Europe, Latin
America, Sudan, Pakistan, Cambodia.

- Black Earth Farming (S), Heartland Farms (UK), Trigon Agri (DK): Acquisition of
agricultural areas in Russia
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- Morgan Stanley (USA): Acquisition of agricultural areas in Ukraine
- P. Heilberg Investment (USA): Acquisition of agricultural areas in Sudan

As a further consequence of climate change (environmental-), an increased number of
refugees will present an imminent security problem. The combination of increasing
occurrences of storm and flood catastrophes, increasing number of heat waves and forest
fires, the loss of freshwater availability and the loss of food production will increase
environmental migration. If climate change will occur according to predicted dimensions,
security-related risks to food and animal feed supply are inevitable.

1.6. Improvement of Existing Solutions and Degree o f
Innovation

Existing data sets or studies are forecasts on the development of agricultural production
(FAO 2003, FAO 2006) or assessments of agricultural production potentials (Erb et al IFF
2009). These models take into account probable effects of climate on agriculture (partly
only until 2030 as FAO 2003) and the competition for agricultural products ranging from
food to fuel. Up to now there has been no common assessment available, which takes
into account the effects of climate change on agricultural production in Austria and the
food resilience of imported feed, food and energy for agricultural production. Food
resilience is not only affected by the effects of climate change on global agricultural
production, but also by socio-economic impacts and security policy risks. The innovative
factor of this project is the combination of agricultural production scenarios with global
socio-economic trends and security policy risks considering climate change scenarios.
The study focuses clearly and specifically on the assessment of Austrian food security
risks.

1.7. Description of Scientific Uncertainties

There have already been several studies from UN organizations, universities and scientific
institutes on the question of food security. Only a few of them considered the 2050 time
horizon. For this project we focused on studies with the 2050 horizon.

On the other hand, a lot of studies also used the same FAO — studies (Table 1) and data
as a basis for their work. These studies were mostly focused on commodity prices, rather
than on the question of population growth, production and demand, which minimized their
weight in the analysis.
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Having said this, it is clear why the following studies have been selected:

Table 1: literature search

Author Titles list

The final results of the analyses of the above papers, studies and reports are described in
the following chapters.

1.8. General Methodology

1.8.1. Risk Analysis and Scenarios
Author: AGES: Johann Steinwider

Project results were derived into two stages. The first was comprised of a forecast for
production, areas, consumption, trade balances and SSRs, and a risk assessment
(National Resilience). The second was based upon a risk assessment using threat
scenarios analysed by means of Monte-Carlo-Simulations.
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Based on the assessment of forecasts of production, area, consumption, trade balances
and SSR for 2030 and 2050 and a risk assessment (National Resilience) of exporting
countries, scenarios were developed in expert workshops.

National Resilience (NR) Levels are assessed using a combination of various indices,
based on a wide spectrum of parameters. These parameters describe the current situation
in quantitative manner, using arbitrary units.

NR<2: Countries featuring a National Resilience Level lower than 2 can be considered
highly reliable trading partners. Unforeseen interruptions in supply of food, feed or
energy are very unlikely.

NR<4: Describes countries of medium National Resilience. Imports from these countries
may be interrupted for limited duration before they resume again normally.

NR=4: These countries should be viewed as highly vulnerable. In light of the rather large
potential negative consequences due to additional stress, the disruption of exports
for an undefined time period is more probable than not.

Agricultural production prognoses, hazards and threats regarding the resilience of food
and feed supply as well as the supply with energy and phosphate fertilizer as described in
WP 1 and WP2 were analysed and assessed for this reason. The scenarios were
separately calculated with the Monte Carlo simulation. With the Monte Carlo simulation
input criteria and the calculated consequences of several hazards and threats can be
combined to calculate an overall risk, which describes the impact on Austrian food supply
and the self-sufficiency rate. The results of the simulations of different scenarios for the
2030s and for the 2050s are evaluated separately against today's demand for food and
feed (2015).

1.8.1.1. Definitions

There are several definitions of risk analysis or risk assessment which are quite similar but
with semantic differences. The following definitions are listed according to ISO standards.

Definitions according to ISO/DIS 31000 and ISO 49.0 00
Risk

Risk is the combination of the probability and impact of an event. Risk involves chance
and threat potential. It estimates the probability and impact of a scenario (ISO 49001).

Risk = probability of event x impact

Risk Assessment

According to ISO/DIS 31000, Risk Assessment is the overall process of risk identification,
risk analysis and risk evaluation.
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- Risk identification: The aim of this step is to identify sources of risk, areas of
impacts and their potential consequences.

- Risk analysis: The second step is to analyse the risk to provide input on risk
evaluation. It involves consideration of the causes and sources of risk, their
consequences and the likelihood that those consequences can occur.

- Risk evaluation: Risk evaluation involves comparing the level of risk found during
the analysis process with risk criteria established when the context was
considered.

Scenario Development

As a method of risk assessment scenarios are developed and evaluated with the
likelihood and impact of the threats. A scenario is the concrete representation of the
opportunities and threats (1ISO 49.000)

Risk aggregation

A Monte Carlo simulation is an effective method to determine the interaction of several
different, uncorrelated individual risks to an organization’s overall risk (ISO 49.000).

Risk management

Risk management is a series of coordinated activities to be carried out to manage and
control risks. Risk management is comprised of the system definition, risk assessment
(risk analysis and risk evaluation), risk treatment (risk avoidance, reduction of probability,
limitation of consequences, risk optimization, risk transfer, risk retention), risk acceptance,
risk monitoring and risk communication.

According to ISO/DIS 31000, risk management should ensure that organizations have an
appropriate response to the risks affecting them. Risk management should thus help
avoid ineffective and inefficient responses to risk.

Definition according to the  general principles and requirements of food law (EC) No
178/2002

Food security is not the same as food safety, but food security is a prerequisite for food
safety. We assume that the result could be relevant for food safety risk assessment, so for
the sake of completeness we describe here the definition of risk assessment in the
Regulation (EC) No 178/2002 by laying down the general principles of food and feed
safety in Europe.

“Risk” means a function of the probability of an adverse health effect and the severity of
that effect, consequential to a hazard;

“Risk analysis" means a process consisting of three interconnected components: risk
assessment, risk management and risk communication;
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“Risk assessment” means a scientifically based process consisting of four steps: hazard
identification, hazard characterisation, exposure assessment and risk characterisation;
"Risk management” means the process, distinct from risk assessment, of weighing policy
alternatives in consultation with interested parties, considering risk assessment and other
legitimate factors, and, if needed, selecting appropriate prevention and control options;

The definitions of this regulation are specifically focused on hazards for the health on
plants, animals and humans.

1.8.1.2. Methods
Risk Assessment in this project

A requirement for risk assessment is a detailed characterisation of the hazards and
threats of climate change on food security and the global supply of food, feed and energy.
This work was done in work package one and two, which is described in detail in chapter
2to5.

Figure 1 shows the project structure:
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Figure 1: Structure of the analysis of security ris ks caused by climate change
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1.8.1.3. Development of scenarios

Based on the assessment of the results of WP1 and WP2, scenarios were developed in
expert workshops. Included in the discussion and aggregation of scenarios were
agricultural production prognoses, hazards and threats regarding the resilience of food
and feed supply, as well as the supply of energy and phosphate fertilizer as described in
WP 1 and WP2.

ISO 49.000 defines a scenario as a detailed description of a specific threat with causes,
courses and consequences. The scenario has one or more threats as a starting point and
includes a sequence with different impacts on an organization or a system. As a method
of risk assessment scenarios are developed and evaluated with likelihood and impact of
the threats. The consequences are results of the models of this project.

We will explain here the structure of the discussion on the example of phosphate fertilizer.

The largest phosphate supplier worldwide is Morocco, accounting for more than 90% of all
imports to Austria. Internal and external security threats in Morocco can lead to an
interruption of phosphate exports (see chapter 5.1.9).

The lack of phosphate reduces agricultural production significantly, but there is a deposit
of phosphate in the soil, which lasts for several years. Therefore a short interruption of
phosphate fertilizer supply would have a marginal effect and could be neglected, but a
long term interruption of the supply would have a critical impact on production. Because of
the fact that the supply of phosphate fertilizer was analysed as critical in the long term, an
assumption was made regarding the likelihood for the reduction of production for several
scenarios (seeTable 2).

- The likelihood of the several scenarios regarding the threat of lack of phosphate
was used to categorise the scenarios as most probable, best and worst case. The
highest probability was used for the most probable case, then the better option
was used for the best case, leaving the worse option for the worst case. The
assumptions of today were used for the baseline scenario, but with the added
impact of climate change.

- The assumptions were re-discussed in the next meeting to carry out a reality check
— a confirmation of the assumptions against different sources in order to define
parameters and variables for the simulation. The input levels for the threats used in
the simulation models are described in detail in chapter 6.3.

- This process was done for all the other threats in the scenarios. Finally the
descriptions of the scenarios were implemented as the input criteria for the Monte
Carlo simulation.
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Table 2: Expert evaluation of identified threats on a scale from 1 (not likely) to 10 (very
likely)

Likelihood Used for Scenario
Climate Change
Climate Change regarding model 10 used for all scenarios
Technical progress
As before 8 most-probable case
Higher than before 6 best-case
Lower than before 6 _
Input level affecting yields
As before (Medium input level) 10 most-probable case
High input level 6 best-case
Low input level 6 _
Phosphorus fertilizer
As before (no shortage) 6 best-case
Medium impact of shortage 8 most-probable case
Total impact of shortage 5 _
Demand as before 6 best-case
Medium increase in demand 8 most-probable case
High increase in demand 6 _
Imports of protein feedingstuff
No import restrictions 5 best-case
Medium import restrictions 8 most-probable case
High import restrictions 5 _

The results of the assessment were used to develop several scenarios (they are already
shown in the above table).

* Baseline scenario

* Best case scenario

« Most probable case scenario

* Worst case scenario
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Table 3: Expert evaluation of identified threats on
likely) — total likelihood points out of 60.

a scale from 1 (not likely) to 10 (very

Threat baseline | best-case most -probable
scenario | scenario case scenario
impact of
. Yes
climate change
Likelihood 10 10
technical as higher than
as before
progress before before
Likelihood 6 8
input level as high input medium input
affecting yields before level level
Likelihood 6 10
phosphorus medium impact
. no shortage
fertilizer of shortage
Likelihood 6 8
as low medium
bioenergy increase in | increase in
before
demand demand
Likelihood 6 8
imports of .
. . - medium import
protein no import restrictions .
i restrictions
feedingstuff
Likelihood 5 8
Total likelihood
. 39 52
(points of 60)

The aggregated likelihood of the different threats is 52 points out of 60 in the most
probable case, 39 in the best case and 28 in the worst case. This was also discussed in
the second expert workshop, where it was concluded as reasonable.

1.8.1.4. Monte Carlo simulations

Scenario results were calculated using a simulation model (Monte Carlo simulation).
Monte Carlo simulations enable an analysis of the impact of input criteria and assumed
risks of the scenarios on Austrian food supply balances and the respective self-sufficiency
rates. The results of the scenario-specific simulations for 2030 and for 2050 are evaluated
separately relative to supply balances in 2015.

1.8.2. Description of Questions to be addressed

A necessary review of pertinent literature starts with studies on agricultural production and
agricultural production scenarios now and in future, taking climate change into account. In
working package 1 as the first step in agricultural production and demand for 2015, 2030
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and 2050 on the basis of agricultural statistics and forecasts of the FAO (FAO-Stat 2009,
FAO 2003, FAO 2006), the UN medium population forecast (UN 2007) and Climate
Change Model Alb Scenario will be taken as baseline. Useful climate reports and relevant
studies will be analysed and taken into consideration.

In detail the analyses will comprise of:

- agricultural production potential under changed climatic conditions (Austria, EU
and worldwide regions exporting food and feed to Austria or the EU)

- production hazards with regard to drought and plant and animal health under the
effects of climate change

- supply resilience of imported food, animal feed and energy for agricultural
production

- this analysis is conducted separately for Austria, the EU and regions worldwide,
which are able to export food and feed to Austria or the EU

The project will not develop a new model for agricultural production potentials. The project
team, particularly AGES and LKO experts, will assess global models, global production
and demand scenarios in data workshops and focus groups from an experts point of view
in order to gain a relevant data framework regarding the impacts on Austria.

For the 1st task it is necessary to quantify the Austrian production of food and animal
feed, imports and exports of food and animal feed and energy imports for maintenance of
agricultural production in 2015, 2030 and 2050. Self-sufficiency rates and import
dependencies in 2030 and 2050 will be estimated. The EU was only considered as a
whole entity due to limited resources and data.

The effects of climate change, population growth and land use change are taken into
account. The second task is to consider the resilience of the food and feed supply from
global markets. Sources of imported food, animal feed and energy for agricultural
production have to be quantified and described. An assessment of the actual risks of
supply and of possible alternative sources concludes this task. A global demand and
supply scenario, taking into account and climate change, is then developed for 2030 and
2050.

A data framework describing the agricultural production and export potential of traditional
or future suppliers will be the basis for working package 2. In working package 2 political
and socio - economic threats caused by climate change as well as existing threat
scenarios (developed by the Austrian Federal Ministry for Defence, U.S. Military Advisory
Board) are analysed. Issues are e.g. the impacts of political and social riots in exporting
countries on food and feed supply to Austria, the predicted worldwide global competition
on international commodity markets for feed, food, fibre and fuel, the availability of
phosphate fertilizers or acquisition of agricultural land in foreign countries, conflicts
through water supply shortages and refugees according to increasing sea level, etc.
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A risk analysis is performed in Work Package 3: agricultural production prognoses,
hazards and threats regarding the resilience of the food and feed supply and the supply
with energy and phosphate fertilizer as described in WP 1 and WP 2 are analysed and
assessed. Three different scenarios (best case, most probable case, worst case scenario)
based upon a baseline scenario are developed. These scenarios are separately
completed through an assessment of possible consequences in terms of possible food
security risks for Austria. Risk is derived from the probability of a certain threat to occur
(threat scenario development) and the resulting consequences [risk = probability of threat
x impact]. The risk analysis is comprised of an analysis of the impact of the above
developed scenario assumptions (e.g., regarding imports of food, feed, fertilizers and
energy for agricultural production) on Austrian food supply and the self sufficiency rates.
These consequences are analysed using mathematical simulations on the base of
product.

Work Package 4 will develop risk management options concerning food security risks and
political strategies for ensuring food security. It shall be possible to interact between
adaption and mitigation strategies. Implementing and proposing management measures
regarding food security are taken into account. Based on the risk analysis,
recommendations for ensuring food security in Austria and a communication strategy are
developed. At the end of Work Package 5, the results of the project will be communicated
to the target groups’ policy decision makers, producers and consumers.

1.8.3. Anticipated Project Results

Austrian agriculture is highly dependent on imports of protein feedingstuffs, diesel for
agricultural production and phosphate fertilizer. Austria has a low self sufficiency of fruits,
vegetables and oilseeds. It is evident that there are risks for food security, if production
potentials in Austria and Central Europe are affected by climate change and supply risks
production of feedingstuffs and diesel for agricultural will be placed under pressure or
even cut. The project will deliver:

- a framework of agricultural production data and supply data for Austria and
regions, which are relevant for the Austrian supply of feed, food and energy for
agricultural production in 2015, 2030 and 2050

- self sufficiency rates for Austria in 2015, 2030 and 2050

- analysis of political and economic threats caused by climate change and global
competition on international commodity markets, which may have impacts on
imports

- risk analysis and systemic interactions of scenarios (worst case and most probable
case) regarding food security risks for Austria

- evaluation of implementing and proposed management measures concerning food
security risks as well as political strategies
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- recommendations for ensuring food security, e.g. alternative crop rotations,
optimized national agricultural production, intended self-sufficiency rates,
enhancing trade relations with secure supply regions

- communication strategy.

Due to the lack of suitable data in combination with limited personal and financial
ressources, we were not able to calculate self sufficiency rates for European Union in
2030 and 2050.

1.8.4. Importance and Relevance of the Project

In 2008 the US military graded climate change’s risk on national security higher than the
risks of a cold war or other global risks for the first time. The effects of climate change will
be extensive on social and ecological processes. Several climate change scenarios
indicate irreversible and drastic global changes. Regional areas of nature and the global
ecosystem could restructure radically. Therefore, the terms of human development would
change dramatically and the adaptability of social systems and international agriculture
and food systems would be overburdened. Climate change could trigger global dynamics
which will transform the international patterns of trade, demand and supply of agricultural
raw materials and food and feedingstuff. Therefore it is advantageous to be able to be
proactive on modified boundary conditions concerning food security. Climate change
presents several threats to food supply. One of the important threats is the competition for
agricultural land. Recently, some institutions in various countries have bought land in
other countries to serve for their own food supply. Climate change in Country A causes
damages of production, then Country A restricts exports to Country B to produce
agricultural products and food for their own use. For this reason it is very essential to
assess the consequences and define the derived consequences for Austria and the
implications for its trading partners. Further competition for agricultural land is presented
by the production of food or renewable products. Declining production of food through
climate change is a high challenge in the mean-time. However, there is additional global
competition for agricultural area, namely the production of bio fuel and other renewable
resources which could intensify these constellation of conflicts. The awareness of climate
change as the central challenge for the 21th century has increased globally in the last few
months. Hence it is indispensable to develop risk management strategies in a timely
manner for future years. How Austria handles these consequences on agriculture and
food systems will have a lasting impact on Austrian food supply.

1.8.5. Applicability and Use of the Project Results - User Value for Austrian
Scientific Community

The project strengthens Austria’s interdisciplinary capacity and its development of
production and supply models. The project strengthens the capacity for climate research
by raising understanding of regional impacts on agriculture and understanding the impacts
on food supply in Austria. The project identifies research gaps regarding regional and
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local impacts on agriculture and food supply. The project supports the Austrian scientific
community in catching up to the international level on food security research.

1.8.6. User Value for Policy Makers

Governments have a key position regarding mitigation and adaptation measures
regarding climate change on national and international levels. The issue of food security is
of rising importance. The end report of the Food Security Project will be a basic paper to
prepare policy makers for upcoming challenges regarding food security risks in Austria.
The development of scenarios will facilitate raising awareness. The risk analysis
performed in the project will provide with a first assessment of food security risks for
Austria on a scientific method. The project will develop management options and
recommendations to facilitate and support further political discussions. The term policy
makers is not focused on government and members of parliaments, it includes all
stakeholders like chambers, farmers associations consumer associations, trade unions,
environmentalists etc.

1.8.7. User Value for Private Companies and Consume rs

The results of the project are useful for agriculture, the food industry and retailers for long
term eco economic planning. Agriculture is highly dependent on weather conditions and
vulnerable to climate change impacts. The results are very useful to farmers, so they are
able to adapt their production and take measures to mitigate the impacts. For farmers it is
very important to know about future developments to take careful decisions for long term
investments. For the food industry and retailers it is important to know if they can rely on
traditional suppliers, if they will get food at all and from where they can get it risk-free in
the future. The assessment will also be important regarding land use priorities (food, feed
and biomass production in Austria), supporting long term policy decisions in agricultural
and energy policy. The assessment of food security risks is important for consumers in
every way.
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2. Climate Change and Agricultural Productionin 20 30

Authors: BOKU: Josef Eitzinger, Herbert Formayer, Martin Schlatzer

2.1. Methodology

Worldwide agricultural production and demand for 2015, 2030 and 2050 on the basis of
agricultural statistics and the forecasts of the Statistics Austria, EUROSTAT, OECD, FAO
(FAO-Stat 2009, FAO 2003, FAO 2006) and FEDIOL (a member of primary food
processors) and the UN medium population forecast (UN 2007, if available also latest
updates will be used) were taken as baseline in WP 1. Relevant studies and useful
climate reports were analysed and taken into consideration. A ten year interval (2000 to
2009) for the relevant product groups (Figure 36 and Figure 37 ) formed the basis of the
assessment of production and demand of food and feed 2015 for EU27 and Austria based
on trend analysis and experts opinions. Due to compatibility in data aggregations of
various agricultural statistics, product groups, as given in Figure 36 and Figure 37, are
chosen for this study.

The team of BOKU_Met focused their work on the influence of climate change on global
yields and those of the EU and Austria. The data used within Work Package 1 is based on
the GAEZ (Global Agro-ecological Zones) system. The GAEZ methodology has been
developed and refined over more than 30 years by IIASA (International Institute for
Applied Systems Analysis) and the FAO (Food and Agriculture Organization) of the United
Nations.

GAEZ is an integral part of an advanced modelling framework that combines the
FAO/IIASA Global Agro-ecological Zone model and the IIASA World Food System model.
The GAEZ approach covers the availability of digital global databases of climatic
parameters, topography, soil and terrain, land cover, and population distribution. These
data sets have not only enabled revision and improvements to AEZ calculation
procedures, but have also allowed crop suitability and land productivity assessments to be
extended to temperate and boreal environments. The GAEZ modeling framework has
been used for the spatial assessment of biofuel feedstock potential in a global study of
biofuels and food security.

GAEZ v3.0 provides one of the most ambitious assessments, which is publicly accessible
from the 1IASA and FAO Web sites”.

4 http://www.iiasa.ac.at/Research/LUC/GAEZv3.0/ resp. IIASA/FAO, 2012
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Figure 2: GAEZ model structure and data integration (IASA, 2012)

The selected criteria for the data were the followi  ng:

- agro-ecological suitability and productivity: cultivated, unprotected land

- suitability and potential yields for up to 280 crops/land utilisation types under
alternative scenarios

- management for historical, current and future climates

- rain-fed agriculture

- intermediate scenario (medium scenario, better management, partly market
orientated, between low and high input scenario)

- CO2-fertilizer effect

- Hadley CM3 A2 scenario

- time horizons: 1961-1990; 2020-2030 and 2030-2050

Three input level selection options were available: high level inputs, intermediate level
inputs, and low level inputs. The choice was made for the intermediate-level
inputs/improved management scenario. Under the intermediate input, improved
management assumption, the farming system is partly market oriented. Production for
subsistence plus commercial sale is a management objective. Production is based on
improved varieties, on manual labor with hand tools and resp. or animal traction and some
mechanization. It is medium labor intensive, uses some fertilizer application as well as
chemical pest, disease and weed control, adequate fallows and some conservation
measures (Toth et al., 2012). Regarding the Climate Change Scenario, the Hadley CM3
A2 Scenario was selected. Therefore, the Global Circulation Model used, was HADLEY
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CM3 (Hadley Centre Coupled Model, Version 3) ° under the IPCC emission scenario A2.
The HADLEY CM3 represents a coupled atmosphere-ocean general circulation model
(AOGCM) which was developed by the Hadley Centre in the United Kingdom. HadCM3
has been used extensively for climate prediction, detection and attribution and other
relevant climate sensitivity studies. Furthermore it was one of the major models used in
the IPCC Third and Fourth Assessment Report (Met Office, 2013).

The A2 marker scenario® (A2-ASF) was developed using ASF an integrated set of
modeling tools that was also used to generate the first and the second sets of IPCC
emission scenarios. Overall, the A2-ASF quantification is based on the following
assumptions:

- relatively slow demographic transition and relatively slow convergence in regional
fertility patterns

- relatively slow convergence in inter-regional GDP per capita differences

- relatively slow end-use and supply-side energy efficiency improvements
(compared to other storylines)

- delayed development of renewable energy
- no barriers to the use of nuclear energy

The A2 scenarios out of the four SRES (Special Report on Emissions Scenarios, report by
IPCC) scenario families stem from of a more divided world (IPCC, 2000). The A2 scenario
family represents a differentiated, heterogeneous world which is characterised by a a)
continuously increasing population, b) world of independently operating, self-reliant
nations and c) regionally oriented economic development. The possible range of the
projected global average surface warming until the end of the century is in between 2.0°C
to 5.4°C (for further details see IPCC, 2000). The SRES scenarios, however, do not
encompass the full range of possible futures, which means that emissions may change
less or more than the scenarios imply.

After selecting the criteria and choosing the items and the regions resp. country, the
changing rates for each item had to be calculated. Changing rates of the year 2015 were
based on the calculations in relation to 1975 (for the period 1961-1990) and the
projections for 2020-2030 (with 2025 as reference year). Changing rates for 2030 are
based on the year 2015. The spectral changing rates of the time spans from 2015 to 2030

> http://www.ipcc-data.org/sres/hadcm3_info.html

Gordon, C., C. Cooper, C.A. Senior, H.T. Banks, J.M. Gregory, T.C. Johns, J.F.B. Mitchell and R.A. Wood, 2000. The
simulation of SST, sea ice extents and ocean heat transports in a version of the Hadley Centre coupled model without
flux adjustments. Clim. Dyn., 16, 147-168.

Pope, V., M.L. Gallani, P.R. Rowntree, R.A. Stratton, 2000. The impact of new physical parameterizations in the Hadley
Centre climate model: HadAM3. Clim. Dyn., 16, 123-146.

6 http://www.ipcc.ch/ipccreports/sres/emission/index.php?idp=98
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and 2030 to 2055 were finally evaluated for the world regions (USA, Europe, Asia, Africa,

Australia and South America, subdivided) and Austria.

20 selected crops investigated:

Wheat

Barley

Millet

Oat

Rye

Maize

Wetland rice
Dryland rice
Soy

Rapeseed

Olive Oil
Sunflower
Potatoes

Sweet Potatoes
Cassava

Yam and Cocoyam
Phaseolus bean
Kidney bean
Sugar cane
Sugar beet

Indicator plants for the main world regions

As a next step, indicator plants for the different world
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Table 4). Data could be determined for the main world regions. Regarding the
commodities, where limited or no data was available, indicator plants were chosen. Taking
a look at some of the main commodities in focus of the project (cereals, roots and tubers,
sugar, pulses and oil) it was recognized that the categories in the data set often were
more explicit. Therefore, the most important crops in each region had to be chosen. For
instance, in the case of sugar, data was available for sugar cane and sugar beet. The
same applied to oil plants, where indicator plants had to be defined for each region.
Between grain used for the human consumption and grain for animal feed, no
differentiation was possible within the data set.
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Table 4: Indicator plants for different world regio

ns (author's own compilation)

Regions/ Cereals | Roots and | Sugar Pulses Qil
Indicator Plant tubers
North America wheat potatoes sugar phaseolus soy,
maize beet, bean rapeseed,
sugar sunflower
cane
Europe, Russia wheat potatoes sugar phaseolus soy,
maize beet bean rapeseed,
sunflower,
olive
Pacific OECD wheat, potatoes, sweet | sugar phaseolus soy
maize potatoes, cane bean
cassava, Yyam
and cocoyam
Africa, Sub - | wheat, potatoes, sweet | sugar phaseolus soy,
Saharan Africa maize, potatoes, cane bean sunflower
millet cassava, Yyam
and cocoyam
Latin America wheat, potatoes, sweet | sugar phaseolus soy,
maize potatoes beet, bean sunflower
sugar
cane
North Africa, | wheat potatoes sugar phaseolus olive, soy,
Near East beet bean sunflower
East Asia rice, potatoes, sweet | sugar phaseolus soy,
wheat, potatoes, beet, bean sunflower
maize cassava sugar
cane
South - and | rice, potatoes, sweet | sugar phaseolus soy
Southeast Asia wheat, potatoes, cane bean,
maize cassava, Yyam kidney bean
and cocoyam
Rest of World rice, potatoes, sweet | sugar phaseolus soy,
wheat, potatoes, beet, bean rapeseed,
maize, cassava, Yyam | sugar sunflower,
millet and cocoyam cane olive
Developed rice, potatoes, sweet | sugar phaseolus soy,
Countries wheat, potatoes, beet, bean rapeseed,
maize, cassava, Yyam | sugar sunflower,
millet and cocoyam cane olive
Developing rice, potatoes, sweet | sugar phaseolus soy,
Countries wheat, potatoes, beet, bean rapeseed,
maize, cassava, Yyam | sugar sunflower,
millet and cocoyam cane olive
World rice, potatoes, sweet | sugar phaseolus soy,
wheat, potatoes, beet, bean rapeseed,
maize, cassava, Yyam | sugar sunflower,
millet and cocoyam cane olive

Within the group of pulses, phaseolus bean, which includes kidney beans and chickpeas,
(India as a main grower) were selected. The whole rates and indicators served as the
basis for the calculation of scenarios of Work Package 3.
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2.2. Global Impacts

On global scale, climate change will have a positive impact on agricultural production till
2030 in most of the regions. Most of the crops will benefit till 2030 under the selected
scenario. There are some regions where negative impacts can be seen when examined
until 2050. For the changing rates of main indicator plants in world regions due to climate
change till 2050, see Table 8.

Table 5: Changes of the yield of major indicator pIl  ants due climate change in main world
regions from 2030 till 2055 (decadal rates of yield change). The changes are significantly

positive (green fields), significantly negative (re d fields) or not significantly positive or
negative (yellow fields) (data base: GAEZ, 2013).

Region/ Cereals |Roots and [Sugar Pulses
Indicator Plant
North America wheat
1.1
wheat potatoes | sugar beet
Europe 0.6 0.9 -0.9 0.7
Russia 1.1 0.0 0.1 59
E+R 0.8 0.4 -0.4
wheat potatoes phas.bean
Africa 4.7 0.3 -5.0 0.9
Sub-Saharan Africa 2.3 2.3 -4.3 -0.6
A+SSA 3.5 1.3 0.4
Latin America wheat potatoes | sugar beet
2.3 2.3 0.1
North Africa sugar beet
-0.7
East Asia sugar beet | phas.bean
0.1 0.8
rice potatoes sug. cane
South- and South 1.9 2.2 1.1
East Asia
SA 0.4 -2.2 -0.1
SEA 1.2 0 0.5
World rice potatoes sugar beet soy
-0.3 -0.1 -0.8 -0.4
wheat sug. cane
1.2 0.2

SEA= South East Asia, SSA= Sub-Saharan Africa

The fertilizing effect of CO, represents the crucial factor in terms of the higher benefits
regarding 2030 compared to 2050. Data for cultivated, unprotected land was taken into
account under the Hadley CM3 A2 Scenario. Further criteria for the data set of the
suitability and potential yields were a) rain-fed agriculture, b) an intermediate scenario
(medium scenario, better management, partly market orientated, between low and high
input scenario) and c) CO,-fertilizer effect (for further details, see methods).
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To illustrate the deliverable changing rates, wheat was chosen as an important indicator
plant for many regions in Austria, the EU and worldwide. On a global scale, the annual
changing rate of the wheat harvest will be 0.06% from 2015 to 2030. By 2050, the annual
changing rate of the wheat harvest will be at 0.12%.

Under the chosen conditions resp. scenario, (see chapter of methods) global wheat
production will benefit under climate change. According to Jaggard et al. (2010), these
changing rates will generally be moderate as prior and follow up studies have shown (see
Figure 3).
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Figure 3: Changes of yields due to climate changei  n world regions between 2007 and 2050

Source: Jaggard et.al., 2010

During the study many studies were cited, collected and analysed. Results, critical points
and deliverables for other work packages were discussed within the work package as well
as with other work packages and the study team as a whole. Moreover, many graphs
(with ARG GIS mapping’) were created to show the effects of future climate change on

" Esri's ArcGIS is a ge