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Key messages -Zf»@g @

The search for future sustainable pathways is exciting

Scenario development is not only a tool for modelling, decision support and
uncertainty management but also an interactive learning process and value by
itself, in particular at regional levels

Qualitative changes (what and how things are done) are as interesting as
quantitative changes (intensification/extensification)

Diversification is key



Multifunctional role of agriculture re societal challenges

Biodiversity &
Ecosystem Services

= Artificial land cover
= Farmland birds index

Disaster Control e

* Soil erosion by waler

Climate Mitigation

+ Peslicide
toxicity risk

Rural Development

* Investment in innovation
and infrastructure

| |

| . Gross nitrogen balance*

: e s st Health

* Imigation water abstraction
+ Nitrate in groundwater

Clean Energy

Agricultural policy indicators related to SDGs. Source: Scown and Nicholas, Global Sustainability 2020



External conditions and drivers of agricultural change

Manifestations
of agricultural
land change

Land change
process

Underlying
drivers
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Future Agriculture? 3
Uncertain, diverging visions
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Intermediate purposes

Ultimate purpose
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Shared Socioeconomic Pathways ‘Zﬁ“g

..........

high A
= Developed in the climate change
g X SSP 5: X SSP 3: research community (O'Neill et al. 2017)
hier (Mit. Challenges Dominate) (High Challenges)
o5 Fossil-fueled Regional Rivalry = ,Pathways in the 21st century”
E s Development A Rocky Road - . :
Tl= Taking the Highway = Combining alternative futures of climate
g - *_SSP 2 and society
o ‘2 (h:;termed.rate Challenges)
L Middle of the Road =SSP storylines, including specifications
-g o for land use, SSP public data base at
o C X SSP 1: X SSP 4: IIASA (modelling results)
/2] g (Low Challenges) (Adapt. Challenges Dominate)
E Sustainability lnequa}lity = Used in combination with greenhouse
o Taking the Green Road A Road Divided gas emmission trajectories (RCPs)
>
low Socio-economic challenges high

for adaptation

(O'Neill et al. 2017 in Global Environmental
Change, doi: 10.1016/j.gloenvcha.2015.01.004)



Shared Socio-economic Pathways (SSP) scenario framework
Adoption and experiences

B
ln

« Widely adopted: used as framework in other settings
» Regional and sectoral specifications

Pros:
» Consistency, Comparability, clarity

* Acceptance and visibility
Water

(supply,
demand,

Challenges: Agriculture extremes)
» Applicability at regional and local scales
» Capture relevant perspectives and uncertainties ,
. Ecological
« Keep scenarios up to date
» Improve relevancy: capacity building,

Living
communication, accessibility, stakeholder oer | Healh

involvements
8

(O'Neill et al. 2020 Nature Climate Change)



Eur-Agri-SSPs: Shared Socio-economic Pathways for Lo @
European agriculture and food systems Sl
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Global

% ssps: Y SSP 3
(Mit. Challanges Dominate) (High Challangas) SSP 1-5
Fossil-fueled Regional Rivalry

Development A Rocky Road
Taking the Highway * sSSP 2:

{infarmediats Challanges)
Middle of the Road

| KlJ ) Hermine Mitter

Socio-economic
challenges for mitigation

i e . )
Sruslainaﬂhg:;islly 5 Inequality ' M a I‘tl n SC h on h a rt

Taking the Green Road A Road Divided

Socio-economic challenges
for adaptation

EU;'SPF‘,?" Global National Regional

Sub-sectoral

Mitter et.al. 2019. J Env. Mangement



Aims and focus of scenario development for European Agriculture % ﬁ

/Thematic:

- Extending and enriching global SSPs @Ku
» Providing a basis for integrated assessments of agriculture and food systems

* Increasing consistency and comparability of research results

» Providing a basis for policy and decision-making R —— i

Iouirmal heemapage: ity e ssuyiar e s crta e

Scientific
» Develop protocols for extending and refining the SSPs
& Operationalizing the protocol for European agriculture

Thematic: alternative future developments of agriculture and food systems \
. Spatlal scale: Europe [E— -
e Time scale: 2050 wmd | . [
 Scenario type: problem-focused, qualitative storyling sumsesmmcrm oo oo o

‘Hermine Mitter*, Anja-K. Techen”, Franz Sinabell’, Katharina Helming”, Erwin Schmid”,

\_ semi-quantitative specifications of plausible futures "““:w“h“»ﬂ'“r“g”;":mm
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Protocol for developing Eur-Agri-SSPs summarizing resource needs

and methodological requirements

=

Literature review, System dynamics,
aoten | moon NI | cosescon | TR
\ VAN interviews Y, group thinking
] 1

v 9 steps
v' Partly iterative
v 3 actor groups: CG Core Group; SP Supporting Group, ST Stakeholders
v’ level of stakeholder engagement (grey shading)

>

v |
e A . Y Y
Define key ta?:tl;u::i Eeﬂ:!e Draft Consistency
characteristics e sl il el ds storylines check
group elements

D

Develop

presentation

formats

/A

Peer &
stakeholder
review

: =t Evaluate
Dissemination 5
collaboration

Written and oral
feedback,

Sketch,
additional
information,
visualization

Evaluation form,
flashlight

workshop, desk
research

Mitter et al. 2019, Journal of Environmental
Management, doi:
10.1016/j.jenvman.2019.109701



The Eur-Agri-SSPs

_ )
A Agriculture on ...
< (5) ... high-tech (3) ... separated
§ paths paths
£ |
o (2) ... established
(a;_)_’ paths
% (1) ... sustainable
o paths
\_ Challenges to adaptation

y

Mitter et al. 2020, Global Environmental Change, doi: 10.1016/j.gloenvcha.2020.102159;

Concept based on O'Neill et al. 2014, 2017

/5 Topics
I.‘ii Population and urbanization
H Economy

M Policies and institutions




The Eur-Agri-SSPs

N
Liberalization,
technology, Tech companies
consumption

(r Nationalism,
low standards and

spending

National public
authorities

A Agriculture on ...

(5) ... high-tech (3) ... separated
paths paths

(2) ... established
paths

(1) ... sustainable
paths

Challenges to mitigation
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technology and

[ Some environment,

governance

{ Agro-food industry J
=/

}[ Civl sociely, ) Challenges to adaptation

{ technology, consumers Jj

governance

Mitter et al. 2020, Global Environmental Change, doi: 10.1016/j.gloenvcha.2020.102159;
Concept based on O'Neill et al. 2014, 2017
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Globalization,
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|
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Limitations m% %

= Few details for European regions
= Few details for sub-sectors of agriculture and food in Europe
= - Allows for spatial and sub-sectoral extensions

= Semi-quantitative
= - Allows for systematic quantifications

= Limited flexibility for updates

- Long-term maintenance and
networking activities

EUr=Agri-SSPs
53,

shared Sodo-economic Pathweays for
Mitter et al. 2020, Global Environmental Change, doi: 10.1016/j.gloenvcha.2020.102159; -;V _ European agriculture

Concept based on O'Neill et al. 2014, 2017




Ongoing activities with use of the Eur-Agri SSPs 'Zf‘@"g, @

Shared Socio-Economic

Pathways (SSPs) Development of national scenarios
and application in models

e.g. Finland, Austria, Germany

63: biodivers S AKE Son

(

Quantification
of storylinesin i;

( grioaloass o ..
(5} .. hig-tech 3] ... separated . .

l pains = Application of

£ O scenarios In

I O ~ Mmodels National Regional

v v et
Quantification of Sub-sectoral
Mitter et al. 2019, Journal of Environmental Management

\._ model parameters

O'Neill et al. 2014, Climatic Change
O'Neill et al. 2017, Global Environmental Change
Lehtonen et al. 2021 Regional Environmental Change



Why Soil Management Scenarios? L

Soil Functions

Biomass production  Habitat for Filtering and Carbon sequestration Storage and
biological activity storage of water recycling of
nutrients

Soil management: what the farmers can do on the ground



Foresight on future soil management

Multiple Drivers

Demand / Product prices
Factor costs

Policies

Education and training
Research and Development

Available agricultural land
Soil degradation

Climate change

Natural resources (water, P)

Digitalization

Data management
Robotics

Biomass technology

Techen & Helming 2017. Agronomy for Sustainable Development

Techno-
logical
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Categories of emerging soil management practices

Drivers
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Agrla.lltural prat':tlces Agricultural practices —
Main categories Sub-categories
o More/less of the given
Quantitative factors: more fertilizer, more
changes — pesticides, .
Crops & Lignocellu'log,ic crops, Iegu'mes,
rotations 1 (new) varieties, crop rotations
) /f Tillage, subsoil management, weight & contact stresses
MechamcaL\\ (machines weight, field traffic, tyre pressure, loads, robots)
pressures
) \( Precise application, pesticides, organic inputs, (new)
Inputs |r.1to‘ fertilizers from recycled nutrients, biotic inoculation,
the soil \ irrigation
Spatial /( Field margins, agroforestry,
patterns <\\ intercropping
—_—

Techen & Helming 2017. Agronomy for Sustainable Development

1

Jreee

.Agro-ecology”
.precision farming”
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Foresight on emerging soil management: signal strength and time frame

I

Direct | t f poli Long te

irect Importance of policy “
for changing practices: Blue, ,,raiher 20 than 5 years
bold:
(potentially) high: small autat_'lamaus
Blue, italic: agroforestry & machines
ambiguous; intercropping
Grey practices: lignocellulasic crops crap rotations mare/less diverse (regions)
low field sizes,

transition crop varieties
zones irrigation
Weak Signal biotic inoculation _ Strong Signal

New fertilizers from [recycled nutrients

subsaoil management pesticides .
tillage

quantitative intensification

soil conservation behaviar

organic input optimized routes,
tire pressure,
precision farming

crop ratations nare diverse
Short term
Jrather 5 than 20 years”

Techen & Helming 2017. Agronomy for Sustainable Development
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German Soil Management Pathways (DE-SMPs): -zfﬁ-g %

Leibniz
Assoclation

v Opportunities and barriers for sustainable soil management solutions
v Impacts and feasibility of innovative solutions using participatory impact assessment

es for mitigation

I

b 5. High-tech industrial ~ 3: Soil management to ,

N
Challeng

soil management in a sustain national food and

globalized environment ~ energy security in a highly
isolated environment

2: Slow changes in the
current soil management
practices

4: Soil management in
unequal environments of
large-scale industrial
farms and local agro-food
initiatives

1: Sustainable soil
management in a green
and diverse
environment

Challenges for adaptation

srwomD B 1
@ Federal Ministry
BONARES |
and Research
20

Evgrafova et al,; in prep.



Stakeholder Workshops for specifying SSP storyline elements for soll managementiﬁgg @

*  Apply SSP protocol of Eur-Agri SSPs

* 5 online participatory scenario workshops, Dec 2020 to March 2021
« 2 English workshops + outreach/international collaboration
* 3 German workshops

« 90 participants from 6 stakeholder groups:
«  State/Policy
«  Civil societies

Focus on technology and environment

gy | Population and urbanization*
ﬂ 2. Economy*
T 3. Policies and institutions*

{@} 4.Technology

. 5. Environment and natural
« Academia resources

« Agricultural associations
« Enterprises
* Farmers

Evgrafova et al,; in prep.



Workshop Results: Technology storyline elements

[ | o oo |

Remains

[ e o res [ Sewwee]

Storyline elements

Technology
uptake: Farm
operationaliz

Information and communications
technologies (incl. Internet of
Things) (Tzounis ef al.. 2017
Willa-Henriksen ef al., 2020)

Artificial intelligence (incl.
machine and deep learning.,
language analytics. and
computer vision)

Agricultural automated robotics
(incl. unmanned aircraft
systems. sensors. e.g. precise
3D maps) (Foldager ef al.. 2013)

SMP1_ SMP2 | SMP3 | SMP4  SMPS

innovations

ation & - -
management %;:Tirsolled agricultural chemical
Biodegradable & bio-based cowver
materials
Crop bioengineering and
biginformatics
Big data, blockchain and smart
contracts
FPhotovoltaic and solar thermal
technologies
Cooperation between farmers
Social (e.g. networks)

FParticipation in the
nationalfregional landscape
design program

Certification {incl. tracking and
tracing}

Cooperation between farmers
and consumers (incl. food
sharing and crowdfarming)

development

Technology Development of information
acceptance sharing tools. e.g. platforms.
by producers apps. networks
and Policy regulations on
COoNsumers agriculture-related technologies
and data rights
Research and development
Government su ort (recycling,
Speed of e-commerce, gPepen tgchgologgies
agricultural ete.)
technology -

Management of data rights

Trainings for farmers (institutional
and private)

SMP1
SMP2
SMP3
SMP4
SMP5

Challenges for mitigation

Leibniz
Assoclation

)

Sustainable path
Slow change path
Nationwide path
Divided path
High-tech path

Challengesforadaptation

¢
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Workshop Results: Environment and Natural Resources storyline elements

[ | o oo |

Remains

| Tendency to increase

Storyline elements

SMP1 | SMP2 | SMP3 | SMP4 | SMP5 |

Saoil
management
practices
focusing on

Agricultural landscape diversity
(i.e. field size and transition
zones)

Integration of intercropping and
agroforestry

Diversity of crop varieties

Diversity of crop rotations incl.
cover crops and legumes

Subsoil management

Machinery weight and contact
stresses

Intensity of tillage

Application of precision
agricultural practices (e.g. plant-
or site-specific)

Use of pesticides

Use of organic inputs, incl.
inoculation and new fertilizers
from recycled nutrients

Use of mineral inputs

Use of irrigation

Resource
depletion
induced by

Armount of agricultural land take
{e.g. urban areas, streets etc.)

Amount of agricultural land
transferred to nature
conservation areas

Status of soil
functions

Biomass production

Storage and recycling of
nutrients

Filtering and storage of water

Habitat for biological
activity/Biodiversity

Carbon sequestration

Occurrence
of invasive
species

Amount of weeds

Armount of pests

MNumber of diseases (soil-,
water-, air-born)

Wildlife migration through the
farms

Affecting cultural landscapes

Leibniz
Assoclation

Z5

SMP1 — Sustainable path
SMP2 — Slow change path
SMP3 — Nationwide path
SMP4 — Divided path
SMP5 — High-tech path

Challenges for mitigation

Evgrafova et al,; in prep.

Challengesforadaptation
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Key messages from the Soil Management Pathways Workshops -Zf»@y ﬂ

 BAU (SMP2) was not a desired future; SMP1 — Sustainable path
SMP2 — Slow change path
+ Divided path (SMP4) was often seen as representation of the current state SMP3 — Nationwide path

SMP4 — Divided path

+ Nationwide path (SMP3) scored worst on environmental health SMPS5 — High-tech path

» High-tech path (SMP5) mostly ignored diversification

5 3
« Sustainable path (SMP1) integrated technological with societal innovation 5
g
« Diversification key point (integration of high-tech with biological methods) E 2
g
g 1 4
Challangas for adaptation
O sonapes ¢z

Evgrafova et al,; in prep.



Key messages from the stakeholder interaction on Soil Management Pathways -Zf»@g @

Assoclation

MA2

« Stakeholders were open for dialogues and collaboration. Only a few participants used the
workshop to lobby their opinions, while the majority of participants were eager to learn and
exchange ideas.

« Most stakeholder have very little opportunities and experience in foresight/scenarios
development: they appreciated the learning exercise and possibility to share their opinions
and knowledge

« At first, natural scientists experienced some skepticism on the added value of the such
scenarios due to interdisciplinary complexity, afterwards, the relevance and necessity was
recognized.

«  Mock-up exercise within the institute (with soil experts) allowed to gain useful experience
on team building and interdisciplinary thinking

Evgrafova et al.; in prep.



Learn about
long-term trends -
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Conclusions zf@g

Earthworms perspective on the future of agriculture:

* Integrate high-tech with biological measures and societal innovations
 diversify
« Exchange on future options




Landscape 2021 - Diversity for ﬂ Lo %
Sustainable and Resilient Agriculture

20-22 September 2021

--- ONLINE CONFERENCE --- ‘daq )

27 sessions that have been selected and are organised in six clusters: 6 ﬂe

e Cropping and grassland systems OQG“
e Farming systems ° “
(o)

e | andscape management systems

.« XS
e Public and private governance systems 9\6‘
e Food systems “3

e Cross scale systems

s Additional sessions

Sessions highlight the state of the art in agricultural landscape research and promote critical exchange
pathways to more resilient and sustainable agriculture. Each session will last 90 minutes and include 3-
presentations (decided by session organisers).

SrowEomD T e
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11 Masterclasses are organised, each will last 3 hours and host about 15-40 participants (prior ° Cemtre Far Sall Resemrch I iz



Thank you for your attention.

Leibniz Centre for
Agricultural Landscape Research
(ZALF)

Contact: Katharina Helming, helming@zalf.de




