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A sustainable food system integrates
elements to enhance environmental, 
economic, social and nutritional health for all 

10.09.2019 4

Production Processing

Distribution

Consumption
Access and 
Preperation

Waste recovery
environmental, 

economic, social 
and health benefits

Background 1 – Characteristics 2 – Problems & Challenges 3 – Solutions & Visions



Most important numbers for agriculture in 
Germany

• With 16.6 million hectares (2018), almost half of the area of the 
Federal Republic of Germany is used for agriculture.

• Almost 71 % of this is arable land and 28 % permanent grassland.

• Grain cultivation is the most important arable crop in Germany. 

• Wheat remains the most important type of fruit, accounting for 26 
per cent of total arable land.
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Most important numbers for German 
agriculture

Source: BMEL, 2018
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Ever fewer farms manage ever more land
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Source: BMEL, 2018
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German farms by size classification of 
area (2013)

Agriculture Area in 
ha

a
Number of farms % Related area in ha %

1 bis 5 24.600 45,0 44.700 7,5

5 bis 10 44.600 325.800

10 bis 20 59.000 886.200

20 bis 50 71.500 42,7 2.378.600 35,5

50 bis 100 50.200 3.550.000

100 bis 200 23.700 12,3 3.207.700 57,0

über 200 11.500 6306.600

Together 285.100 16.699.600
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Source: StJELF, 2016
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Average rate of self-sufficiency in Germany 
for selected products from 2014 to 2016
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Source: BMEL, 2018
Source: BMEL, 2018
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What have farms specialised in? 
(as of: 2016)
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Source: BMEL, 2018
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Anecdote:
• More than a third of the world‘s

Hop harvest comes from Germany

• German wine growers produce 
approximately 6% of the total 
quantity of European wine



Gladbacherhof training and 
experimental facility

• Managed according to Bioland guidelines since 1981

• The main task of the Gladbacherhof is teaching and 
research in organic farming.

Main production areas:

• Production of seed of all major cereals and seed potatoes

• 90 dairy cows are kept with the breeding goal of life 
performance

• There are also 100 chickens living on the domain.
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Gladbacherhof training and experimental 
facility

• 170 ha of agricultural land (100 ha arable land and 70 ha grassland)

• Crop rotation: two years alfalfa grass, winter wheat, silage maize or 
potatoes, winter rye, field beans, spelt, summer wheat or oat
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A global transformation of the food
systems is urgently needed

• A total of 842 million are estimated to be suffering from chronic 
hunger, regularly not getting enough food to conduct an active life

• Malnutrition is the single largest contributor to disease in the world. 

• Between now and 2050, the global population is projected to rise 
from about 7 billion to 9.2 billion, demanding a 60 percent increase in 
global food production. 
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• artificial intelligence 

• global warming 

• nuclear war

• rogue biotechnology
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Greatest threats to the human species 
are man-made

Influence of global warming on important 
factors related to agriculture
• degradation of soil
• degradation of water ressources
• extreme heat conditions
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Many environmental systems are pushed
beyond safe bounderies

Planetary boundaries 
are values for control 
variables that are either 
at a 'safe' distance from 
thresholds

Rockström et al., 2009, Nature
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EAT- Lancet commission

,,Food systems have the potential to nurture human health 
and support environmental sustainability; however, they are 

currently threatening both. Providing a growing global 
population with healthy diets from sustainable food systems is 

an immediate challenge.“
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Willett et al. 2019

19 Commissioners and 18 coauthors from 16 counties in 
various fields of human health.
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Climate

Change

perpetrators

affected persons climate protectors

Importance of agriculture in the context of 
climate change
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… with severe consequences

1,5°C
Wheat, rice, maize

and soybean
production suffers

2,0°C
Agricultural yields

fall rapidly

3,0°C
Fish species go
extinct locally

4,0°C
High levels of food

insecurity, 

Source: climatenexus.org
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Temperature

Number of summer days

1951                                                        2018

1881                                                2018

Temperature deviation from 30-year average 1961-1990 in °C

Number of frost days

1951                                                       2018
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Extreme weather 2018: drought…

10.09.2019

Dry river near Freiburg, 
summer 2018.

Source: wetteronline.de
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An extreme event in which below-average 
precipitation has caused a climatological drought. 

manner duration

Meteorological droughts 1 month

Agricultural droughts 2 months or longer

Hydrological droughts 4 months or longer

Socio-economic droughts 1 year or longer

Drought
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… and flooding
Aftermath of the rainstorm at Gladbacherhof on 5 July 2018

… and flooding

10.09.2019
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https://www.youtube.com/watch?v=j0yzRjt_gNo
https://www.youtube.com/watch?v=n6xtVZFZLI4
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Extreme precipitation (110L/h) at the Gladbacherhof
training and experimental farm (org. for 30 years), 
Villmar-Aumenau 5.7.2018
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2018 - A special year!

Temperature deviation [°C]
(Comparison with 1961-1990)

Thermopluviogram Germany
April – October

1881 - 2018

Background 1 – Characteristics 2 – Problems & Challenges 3 – Solutions & Visions



© DBV
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5340 (= 90% of the 

technical mitigation 

potential in 

agriculture)

Carbon sequestration 

potential in 

agricultural soils

Adapted from “Cool Farming”, Bellarby et al. 2008

Agricultural greenhouse gases (without LULUCF)

All values in Mt CO2eq



Goal: Reduction of 
GHG by 34% by 2030 
compared with 1990 
(16% to date) in 
accordance with the 
2050 climate 
protection plan 

Germany: 66.3 million t CO2-eq: from 
agriculture (= 7.2% of total emissions)
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Map based on data from the United World Population Prospects, 2017 Revision. All estimates are based on the 
‘medium variant‘ (the middle of a range of estimated populations) projections.

… and projected population increase 2015-2050Population growth per capita 2016

Source: https://worldmapper.org
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NH3 (air quality, eutrophication/acidifiction, indirect global warming): 
94% from agricultural activities

CH4 (air quality, global warming): 45% from agricultural activities

N2O (global warming): 80% from agricultural activities

Current food and farming systems are responsible
for excessive ammonia (NH3), nitrous oxide (N2O) 
and methane (CH4) emissions
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The waste problem…
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http://www.fao.org/3/a-i3991e.pdf

Costs of lost production 1.0 trillion US$

Environmental costs           0.7 trillion US$

Social costs 0.9 trillion US$

Total: 1.6 trillion US$ p.a.

3-4 % of the global GDP

30 - 50 % of foods not directly eaten: post harvest 
losses, processing & householder losses, fed to 
ruminants for milk and meat, agro-diesel
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http://www.fao.org/3/a-i3991e.pdf


Increasing efficiency
urgently needed
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The natural ressources and 
environment…
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What is the environmental footprint of food
production?

Food production is the largest cause of global environmental change

• Agriculture occupies about 40% of global land

• Food production is responsible for up to 30% of global greenhouse-gas 
emissions

• Food production consumes 70% of global freshwater

• Conversion of natural ecosystems to croplands and pastures is the 
largest factor causing species to be threatened with extinction

• Overuse and misuse of nitrogen and phosphorus causes eutrophication 
and dead zones in lakes and coastal zones

• Overfishing of the oceans (more than 30% overfished)

• Chemical pollution of the environment
Willett et al. 2019
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36FAO, 2015

Global external costs of agriculture (in 
Million US$)
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“Please eat less meat. Meat is a very carbon 
intensive commodity.”

Rajendra Pachauri, Chair IPPC, Nobel Laureate 2007

Animal husbandry causes 18% of global 
GHG emissions (Steinfeld et al., 2006)
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Environmental effects per serving of food 
produced

Willett et al. 2019
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GHG emissions for organic products (kg CO2 eq per kg)

Williams et al. (2006)

Hirschfeld et al. (2009)

Williams et al. (2006)

Halberg et al. (2006)

Williams et al. (2006)

Casey & Holden (2006)

Williams et al. (2006)

Williams et al. (2006)

Hirschfeld et al. (2009)

Hirschfeld et al. (2009)

Halberg et al. (2006)

 20 studies: Organic lower GHG emissions per kg than conventional

 8 studies: Conventional lower GHG emissions per kg than organic

Knudsen et al. 2011

Climate relevance of animal products
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http://www.fao.org/3/a-a0701e.pdf

18% of global GHG emissions is caused by 
livestock
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Soils under threat…
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https://www.thinglink.com/scene/649976274629951488

Nordwijk and Brussard. 2015, Curr Op Environ Sus

Soil – key ressource in agriculture
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• Approximately 99% of the world's food is supplied by terrestrial systems (Orgiazzi et 
al., 2016).

• At present, there is 2,000 m2 of arable land available for each person, half of which is 
used for animal feed and energy production (GIZ, 2015).

• By 2050, an estimated 9 billion people will be living on the planet, with supplies 
directly (vegetable food) or indirectly (food of animal origin) dependent on intact 
soils.

43

Alberto Orgiazzi u. a.: Europäische Kommission (Hg.): Global Soil Biodiversity Atlas (Luxemburg 2016), : http://esdac.jrc.ec. 
europa.eu/public_path/JRC_global_soilbio_atlas_online.pdf; zuletzt ab-gerufen am 09.08.2016. 

Soil – key ressource in agriculture
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(Soil-based) agriculture worldwide
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Jakobs et al. Thünen Report, 2018

German soil survey for agriculture (D)
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In the upper meter of agriculturally used soil, a total of around 2.5 x 109 t Corg is currently
stored in Germany. 

The average Corg stock at 0-100 cm soil depth is 128 t/ha (0-90 cm: 123 t/ha): Arable soils: 
101 t Grassland soils: 200 t/ha.
For comparison, Corg reserve forest soils 100 t/ha (without litter layer; 119 t ha with litter
layer) determined at 0-90 cm soil depth. 
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Jakobs et al. Thünen Report, 2018
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Soil condition survey for agriculture (D)
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Exhaustion of the 

organic matter of the 

soil

Soil degradation and 
nutrient depletion

Decline in agronomic 
and biomass 
productivity

Food insecurity, 
malnutrition and famine

environmental 
degradation
Greenhouse gases, 
hypoxia, silting up 

:

Lal R. (2004) Soil carbon sequestration 

impacts on global climate change and 

food security. Science

Vicious cycle of humus loss - Decrease in crop 
yield - Food insecurity 
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Lal, Science, 2004

• Soil organic carbon (SOC) pool is 
twice as big as atmospheric C 
pool

• historic losses since 1850 are 
estimated in 78 ± 12Pg CO2 on a 
global basis

• Emitted fossil fuel combustion
270 ± 30 Pg CO2 (Lal, 2004)

• there is a large potential to 
recover the C historically lost 
(Smith et al. 2008)
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Terrestrial stages of the global carbon cycle are of special 
importance in the mitigation and adaptation efforts to climate 
change



...consequences of inappropriate soil and land 
use
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Integration of animals

Soil sealing
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Land taken up by building and transport projects at 
the cost of agricultural land in Germany
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Social justice and equity…
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Do we have enough food for all?
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Map based on data from the United World Population Prospects, 2017 Revision. All estimates are based on the 
‘medium variant‘ (the middle of a range of estimated populations) projections.

… and projected population increase 2015-2050Population growth per capita 2016
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Arable land per capita is shrinking
worldwide
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BP 36 Bodenfruchtbarkeit 57

Source: FAO

Per capita arable land shrinking
worldwide
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Forecasted yield increase to feed a growing world 
population

Lal, 2010

45% more yield until 2050 necessary with constant nutrition

103% additional yield by 2050 necessary for predominantly "animal-based" nutrition 
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Access to food is more important than availability (= absolute 
quantity produced by farmers).

Why do people not have access?

Poverty, debt, bankruptcy, expropriation;

Unequal distribution;

Unattractive prices, rural exodus;

Political turmoil, democratic deficits.

Causes of food insecurity
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Ursachen der Ernährungsunsicherheit
Causes of food insecurity

• We feed 21.7 billion farm animals (1.5 billion cattle and buffalo), which
will continue to increase without changing eating habits.

• The feeding of cereals to livestock consumes 7 times more cultivated
land per kilocalorie. 

• Significantly more than 30% of all food ends up in waste or spoilage at 
storage sites or during transport.

• A tank full of agro-diesel from an off-road vehicle can feed a person for
a year. 
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Sustainable Development Goals (SDGs):17 
Goals for a Sustainable World

http://www.un.org/sustainabledevelopment/sustainable-development-goals/
62
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How to solve the problems regarding the
sustainability of our food production?

Transformation to healthy diets by 2050 
will require substantial dietary shifts

• Consumption of unhealthy foods such 
as red meat and sugar must be 
reduced by >50%.

• Consumption of healthy foods such as 
nuts, fruit, vegetables and legumes 
must increase by >100%.

Willett et al. 2019
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Projections of global emissions to keep global 
warming to well below 2°C, aiming for 1.5°C
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How to solve the problems regarding the
sustainability of our food production?

Willett et al. 2019

A sustainable food production for about 10 billion people should:

• use no additional land

• safeguard existing biodiversity

• reduce water consumption and manage water responsible

• reduce nitrogen and phosphorus pollution 

• produce no CO2 emissions and keep CH4 and N2O emissions at the same level
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How to solve the problems regarding the
sustainability of our food production?

Willett et al. 2019

Transformation to sustainable food production by 2050 will require

• at least a 75% reduction of yield gaps

• global redistribution of nitrogen and phosphorus fertiliser use

• recycling of phosphorus

• radical improvements in efficiency of fertiliser and water use

• rapid implementation of agricultural mitigation options to reduce greenhouse-gas 
emissions

• adoption of land management practices that shift agriculture from a carbon 
source to sink
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• Environmental legislation.

• Ecological and social standards in the WTO.

• Remove false incentives in agricultural policy.

• Public money for public goods.

• Carbon taxes and carbon offsets mechanisms for agriculture.

• Fairtrade and eco-labels.

Political framework
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Copenhagen House of Food: Changing diets in 
public meals
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Implementation of agro-ecological and organic food and 
farming systems across farm, landscape and food system
scale

Making complex, multifunctional, agroecological food 
systems equitable and sustainable, so they can nourish 

the world by 2050 with far lower greenhouse gas 
emissions 
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Which agricultural systems are sustainable and socially 
equitable to feed the world in 2050 with significantly 
reduced greenhouse gas emissions?

10.09.2019 72
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• Improved technologies like minimum/ no tillage or GMO crops.

• Integrated Production (IP, IPM).

• Low Input Agriculture (LIA) or Precision 
Farming.

• Low External Input Sustainable 
Agriculture (LEISA).

• Organic Farming

• Organic plus innovative elements 
of low till, precision farming and LEISA. 

• Organic (successional) agroforestry systems

Different approaches to sustainability
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No, 

at present 1 billion people suffer from malnutrition 
or starve to death (every 7th person).

Why should 2% organic farmers be able to do what 
98% conventional and subsistence farmers 
cannot?

Can organic farming feed 9 billion people?
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Yes, 

Today agriculture produces food 7.5 to 
11 billion people

- whether conventional, integrated or 
biological plays a subordinate role!

Can today's agriculture feed 9 billion people?
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Soil-based climate impacts of organic
agriculture
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Global meta-analysis on N2O emissions
from soils under organic and
conventional management

Skinner, Gattinger et al. STOTEN, 2014

18 farming system comparison studies, 98 comparative pairs
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Less area-scaled N2O emissions from
organically managed soils

Skinner, Gattinger et al. STOTEN, 2014

b ± 95%confidence interval (CI), c comparisons, 
d Greenhouse Warming Potential (GWP)
f all annual measurements excl. rice

Area-scaled GWPd N2O emissions

(kg CO2 eq. ha-1 a-1)

land-use MD CIb P studies comp.c

all (annual)f -492 160 0.00 12 70

arable -497 162 0.00 11 67

grassland -1091 2531 0.40 2 3

rice-paddies -646 1040 0.22 1 3

ca. 500 kg ha-1 yr-1 less CO2 eq. as N2O from organically managed soils
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• No fertilisation (= extensification) no option for N2O mitigation

• Lowest area- and yield-scaled N2O emissions in BIODYN
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N2O emissions after 34 years of contrasting management in 
maize cropping
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Comparison of SOC change and C sequestration under a number of
recommended management practices (RMPs) with neighboring con-
ventional plots under Mediterranean climate (174 data sets from 79 
references).

Aguilera et al. ,Elsevier, 2013
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Organic management

Organic amendments

Land treatment

Cover crops

Slurry

No tillage

Reduced tillage

unfertilized

combined management practices
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Effect of different recommended management practices (RMPs) 
on C sequestration rate, compared to conventional management.

Aguilera et al. ,AGEE, 2013
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Gattinger et al., PNAS, 2012

74 studies globally with up to 211 paired comparisons

Geographic distribution of the system
comparisons for meta-analysis
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stocks (t ha-1) under organic farming management. 

Gattinger et al., PNAS, 2012
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Yes, it is possible. Net 
sequestration of 450 kg C ha-1 y-1 (= 
1.7 Mg CO2 eq ha-1 y-1) for all 
organic systems; the potential is
lower for for zero net input
systems (< 1.O ELU ha-1): 70 – 270 
kg C ha-1 y-1.
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Is carbon sequestration possible within
organic farming systems?

Gattinger et al., PNAS, 2012
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- C Sequestrierung:   -0.99 t CO2 eq./ha (= 270 kg C for «closed» systems) 

- N2O Minderung:      -0.49 t CO2 eq./ha

- CH4 Minderung:      -0.03 t CO2 eq./ha

Meta studies reveal a GHG mitigation potential of

1.51 t CO2/ha*year in soil-plant systems

Soil and climate protection through conversion to 
organic farming
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farming (in Mio. t)
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What does it mean for German agriculture?
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• Improves physical, chemical and biological quality of the soil (Lal et 
al.,2011)

• These improvements are crucial for sustaining and enhancing crop 
productivity in a context where climatic conditions become more 
extreme

• Many adaptation measures, such as those that reduce soil erosion, 
conserve soil moisture or diversify crop rotations also promote SOC 
storage (Smith and Olesen,2010)
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Climate adaptation through SOC
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Agriculture as part of a globalised food system: 
Ecologisation as a goal (bio-economy model)

IFOAM 2016
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Ecofunctional intensification according to best practice to close yield and 
efficiency gaps

Putting the soil at the centre of cultivation and using and promoting its 
processes and ecosystem services in a targeted manner, thus replacing 
synthetic inputs (fertilisers, PPPs).

Eco-functional intensification to bridge
efficiency and yield gaps
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Take nature as an 
example….



Innovations on stable-field-farm-landscape level

Arable land / grassland

countryside

Innovations
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Large potentials through improved 
(temporal/spatial) integration of livestock and plant 
production

Global potential to produce 140 million 
tons of nitrogen on cropland 
(Badgley et al., 2007) 

Global potential to use 160 million tons of 
nitrogen (and other nutrients) from 
livestock manure more efficiently on 
cropland (calculated on the basis of 18.3 
billion farm animals/FAO) 

Soil cultivation eliminates weeds and he lps to keep the precious moisture in the soil.
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...from humus build-up to stable agricultural and 
food systems: Agricultural systems ecology

96

Dough Tomkins Archives, BIORAMA
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