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Share of land area used for agriculture, 2015 7 \
The share of land area used for agriculture, measured as a percentage of total land area. Agricultural land refers to the A gric 'tu re S esti mated

share of land area that is arable, under permanent crops, and under permanent pastures. / , : '
to be the proximate
driver for around 80% of
deforestation worldwide
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Annual % change in crop yield

The pace of improvement has slowed steadily...

Annual average productivity growth (%)
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Where does the food we eat come from?
Figure 5: UK crop yields between 2000 and 2018 As a percentage of total UK consumption
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UK

Farmland Butterfly Index has
fallen by 27% since 1990,°

Since 1970 the Farmland Bird
Index has reduced by 57% of
its value.™

Since 1980 the UK insect pollinator
biadiversity indicator has shown long
term decline, though recent short term
stability. Both wild and honey bees
have shown an overall decline since the
1960z .7

2.2 million tonnes of topsoil are lost
annually, resulting in carbon emissions
that are 50% higher than those from
the petroleum refining industry.©

Previously extensive native biogenic
oyster reefs in the English channel and
southern Morth Sea were almast
completely extirpated in the 20th
century.?

Only 9 of 162 fisheries in English
inshore waters (top 15 species) could
be confirmed as sustainable. Most
others were data deficient.®

s0il erosion, soil compaction and loss
of arganic soil costs farmers £246
million.*

EU

Euraopean Grassland Butterfly Index
declined by almost 50% between 1990 and
2011.™

Between 1990 and 2014, across 26 EU
Member States, there was a 31.5% decrease
in populations of common farmland birds. &

Evidence indicates that of the 1,965
Eurcpean native bees 101 are Near
Threatened; 24 Yulnerable; 46 Endangered,
7 Critically Endangered; with 1,101 being
data deficient.”

11.4 % of the EU suffers from moderate to high

levels soil erasion {more than 5
tonnes/hafyear), with a further 0.4% affected
by extreme soil erosion {more than 50
tonnes/ha/year).’

Only 5% of seabed habitats out of 702 in the
MSFD initial assessment were in good status.
76% were of unknown status.®

Only 19 (20%) of 95 fish stocks assessed in
European waters were sustainable - None in
the Mediterranean, 19/54 (35.2%) in the NE
Atlantic.!

It is estimated that there is a 0.43% loss of
agricultural productivity annually across the
EU due to sail erosion, which is estimated
to cost €1.25 billion.*

Stewart et al People and Nature 2019




11, = 2 a e RS of sustainable food and agriculture

Innovation for Sustainable Food and (FAO 2017)
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3. Protect and improve rural livelihoods,
equity, and social well-being

1. Improve efficiency in the use of 4. Enhance the resilience of people,
resources communities & ecosystems to climate
change & market volatility

5. Promote responsible and
effective governance
mechanisms

2. Conserve, protect and enhance
natural resources
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ANALYSIS

Global assessment of agricultural system redesign

for sustainable intensification

Jules Pretty =™, Tim G. Benton 2, Zareen Pervez Bharucha?, Lynn V. Dicks @4, Cornelia Butler Flora®,
H. Charles ). Godfray®, Dave Goulson’, Sue Hartley?, Nic Lampkin®, Carol Morris™, Gary Plerzynskl & "mE,

P. V. Vara Prasad ©%, John Reganold®, Johan Rockstrém™®, Pete Smith™, Peter Thorne' and

Steve Wratten™
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47 large initiatives
163M farms (29%)
453Mha (9% )
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Redesign type ustrative redesign sub-types of intervention
1. Inteprated pest Inteprated pest management through farmer fiald
management schools

2. Consarvation
agriculture

3. Integrated
crop and
bicdiversity
redesign

4. Pasture and
forage redesign

5. Trees in
agricultural
systems

&. lrrigation
water
management

7. Intensive small
and patch scale
systems

Inteprated plant and pest management
Push-pull systems

Conservation agriculture practices

Zero- and low-tillage

Soil conservation and soil erosion prevention
Enhancement of soil health

Crganic agriculture

Rice-fish systems

Systemns of crop and rice intensification
Zero-budget natural farming

Science and technology backyard platforms
Farmer wisdom networks

Landcare and watershed management groups
Mixed forage-crop systems

Management intensive rotational grazing systems
Agropastoral field schools

Agroforestry

Joint and collective forest management
Leguminous fertilizer trees and shrubs
Water user associations

Participatory irrigation management
Watershed management

Micro-irrigation technologies

Community farms, allotments, backyard gardens,
raised beds

Vertical farms

Group purchasing associations and artisanal small
producers (in community-supported agriculture

operations, tekei groups, guilds)
Micro-credit groups for small-scale intensification

Inteprated aquaculture




Multifunctional landscapes ?

A Monoculture row-crop

Forest
products  Livestock
Canrectivity productian
Biadiversity _ _ Craps
Pollination Haalthy
Laryinag spvills
Pest contro Fresfmwater
SEriCEs Carbon
sequestration

C Mixed cultivated, forest and range landscape

Forest
products Livesiock

Connectivity aroduction
BOdi\"_‘ffiiy Cf;}ps
Polination
senvices Healthy
scils
Pest control Freshwater
SEViCES Carbon

sequestration

“changes to a farming system that
maintain/enhance specified kinds
of agricultural provisioning while
enhancing/maintaining delivery of
specified range of other ESS over

a specified area & time frame”

Trade-offs or
Win-wins?

Kreman et al Science 2018



Win-win: more targeted pest control

Without pest control

Crop Using mechanical, biological
and chemical control measures
Rice I 37
Wheat 50 28
Potato 75 40

Crop protection prevents the loss of 22-40% of

staple food production (Oerke, 2005)

namure LETTERS

P ant-s PUBLISHED: 1 MARCH 2017 | VOLUME: 3 | ARTICLE NUMEBER: 77008

Reducing pesticide use while preserving crop

productivity and profitability on arable farms
Martin Lechenet'®*, Fabrice Dessaint?, Guillaume Py", David Makowski** and Nicolas Munier-Jolain®**

Pesticide use can be reduced
by 42% with no negative
effects on either yield or
profit on 59% farms (n = 946)

76% of pesticide active ingredients have been
removed from the EU market (Karabelas et al, 2009)
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Win-win: non-chemical pest control

Research review Brooker et al 2014

Improving intercropping: a synthesis of research in agronomy, plant
physiology and ecology

Meta analysis: 249 experiments on
intercropping vs nematodes & soil-borne
diseases; 43 focal crops, 20 intercrops, 7

>
:

\\\ \ /\\\/)\\\ nematode types, 9 pathogen types
Soil-borne disease damage to primary crop
. _— o reduced by 54%; nematode damage by 31%
itrogen osphorus Micronutrient
fixation acquisition acqursition

i aiant el oot 51% reduction in damage sufficient to obtain
Protection against pests and pathogens equivalent yields from intercropped fields to
Attraction of beneficial organisms those from monocrop

Suppression of weeds

(unpublished data Chadfield, Hartley, Redeker)



Win-win: ley strips and soil health
C}'Q Harnessing hedgerow soil biodiversity for restoration of arable soil

guality and resilience to climatic extremes and land use changes.

Wnie Rose Sustainable
Agriculture Consartium
rassland to Pact
Pasture arable in 2009 S Pasture

ley
Arable

Control last ley SoilBioHedge
1988

ley Experimental leys

Arable
last ley
1994

150 Reduction in bulk density 1ogo04* 1mm pare size
- 1467 . =40% increase
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Unpublished data: Dr Despina Berdeni, Jonathan Leake, loe Llanos, Steffi Tille



Leys rebuild soil biology and hydrological functioning

Earthworm population increase
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@ cd macroaggregates - which improve soil carbon sequestration.
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* Reduced requirement for N fertilizer in initial crops after ley.
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Journal of Ecology
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OXFORD Garnett T and Godfray C (2012).
Sustainable intensification in agriculture. Navigating a course
MARTIN through competing food system priorities.

~CRN [0

“There are major opportunities for improving environmental and
productivity outputs simultaneously in agricultural systems with current low
levels of production. However, trade-offs between yields and environmental
outputs are more prevalent in high external input production systems”

Analysis of trade-offs in agricultural systems: e

current status and way forward E'nvrlf(;nr;”len‘(al
s e 1 3 4 2

CJ Klapwijk =, MT van Wijk”, TS Rosenstock™, PJA van Asten~, Sustainability

PK Thornton® and KE Giller’

Table 2

Strengths and weaknesses of the different approaches for analysing trade-offs in agricultural systems (‘Act’ is the actual or current state
in the scientific literature, ‘Pot’ is the potential usefulness of a technique to assess a certain aspect of trade-off analyses)

Research approach

Participatory Empirical Simulation Optimization
Aspect Act Pot Act Pot Act Pot Act Pot
Integration of interdisciplinary content - + - + - + - -
Assessment across different time horizons - - - - - - - -
Assessment across spatial scales and integration levels - + - + +/— +/— +/— +
Takes into account qualitative information + + - + - -
Appropriate representation of uncertainty - + - + - + - +
Identification of possibilities to alleviate the - - - - - - + -

observed trade-offs

Ability to deal with real-life system complexity + + + +
Applicability to real-life decision-making + + + + - - +/— +/—




I :.,,,;jff""" r"' OXFORD Garnett T and Godfray C (2012).
| | R MARTIN Sustainable intensification in agriculture. Navigating a course
| ' through competing food system priorities.

FCRN SCHOOL

“While there is a need for more scientific knowledge, it must be recognised that
values shape stakeholders’ different attitudes to the food system and their views
on what the way forward should be. More deliberate exploration of these
different values will help society obtain a deeper and shared understanding of
what the challenge is and of what solutions might work.”

Sustainable intensification in agriculture:
the richer shade of green. A review

Paul C. Struik' (3 + Thomas W. l\'u_\pc:rz ' . f ?f
%, R 5 - Ty e
Apron Sustmn. Dev. (2017) 37: 39 . \ : \w 2
DOT10.1007/513593-017-0445-7 :0.0‘ Centre for the Evaluation of > N = e
e o e Complexity Across the Nexus mmmme. N
REVIEW ARTICLE -

“Society needs an agriculture that demonstrates resilience under

future change, an agronomy that can cope with the diversity of trade-offs across
different stakeholders, and a sustainability that is perceived as a dynamic process
based on agreed values and shared knowledge, insight, and wisdom.”



Figure 1. The stock of assets producing the flow of services that provide value to society
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Farmer networks to drive change

Global Assessment of Social Capital for Sustainable Agriculture and Land Management

\

o Al Ly

J Pretty, A L M Abubakar, S Attwood, R Bawden, H van den Berg, Z P Bharucha, J Dixon, C \ﬁ
B Flora, K Gallagher, K Genskow, S E Hartley, J W Ketelaar, J K Kiara, V Kumar, YL Lu, T /AO —’C)N
MacMiillan, A Maréchal, A Noble, PV V Prasad, E Rametsteiner, J Reganold, J | Ricks, J Farmer Clusters

Rockstrom, O Saito, P Thorne, S L Wang, H Wittman, M Winter, P Y Yang

Table 1. Eight categories of social capital interventions for redesign
of agriculture and land

INNDvaTivE

= FARMERS

Redesign category Interventiontypes PART OB THE DUCHY

1. Integrated pest management Farmer field school (FFS), push-pull systems of IPM, S
IPM clubs and FFS alumni groups

1. Forest management Joint forest management (JFM), community based Figure 1: Cumulative number of social
forestry (CBF), participatory forest management groups formed in agricultural and landscape
(PFM), agroforestry redesign

1. Land management Watershed and catchment management, conservation 10

agriculture (CA), integrated biodiversity, farmer
clusters

1. Water management Participatoryirrigation management (PIM), water user
groups (WUGs), farmer water schools, farmer-led
watersheds

1. Pasture and range management Management intensive rotational grazing groups,
veterinary groups, dairy groups, agropastoralist field

Social groups (log million)
=
[

schools 0.01
1. Supporting services Microfinance groups, multifunctional farmer and non-

farmer groups
1. Innovation platforms Research platforms, co-production groups, science 0.001 -

and technology backyard platforms, field science labs 1988 2003 2018
1. Intensive integrated systems Community supported agriculture groups, biogas-pig-

vegetable groups, aquaculture




We

The Government will take steps to
encourage private sector investment

we will move to a system of paying

will:

Embed an ‘environmental net gain’ principle for development, including housing
and infrastructure.

Improve the way we manage and incentivise land management, including
designing and delivering a new environmental land management system.

Improve soil health, and restore and protect peatlands — this will include
developing a soil health index and ending the use of peat in horticulture.

Expand woodland cover and make sure that existing woodlands are better
managed to maximise the range of benefits they provide — this will include
supporting the development of a new Northern Forest and appointment of a
national Tree Champion to support our approach.

Take action to reduce the risk of harm from flooding and coastal erosion
including greater use of natural flood management solutions.

I. Designing and delivering a Pure public

new environmental land poods

management system (e-g Flood and
erosion control,

bicdiversity
) g intrinsic value)
farmers public money for public goods. .
The principal public good we want to

; e . Club goods
invest in is environmental enhancement. .

{:e .2 commmumeal

I‘;._-I'I-EId-E IS,

biodiversity if
exchmiive to
wherever possible, targeting public funds members )

at projects that provide purely public
goods.

&8

HM Government

A Green Future: Our 25 Year Plan to
Improve the Environment

DESOULCes I:e,g,
instrmmental
value,
catchments )

Rivalry

Private goods
(e.g. agricultural

commodities
and products -
food, fibre)

Excludability OECD, 2013



Delivering win-wins: public money for public goods?

Environmental Land Management — Vision for

the Future

« Cornerstone of land management policy
* Underpinned by natural capital principles

 Delivering, through land managers, the 25 YEP goals for:
« Clean and plentiful water
« Clean air

« Thriving plants and wildlife
« Reduction in and protection from environmental hazards

« Adaptation to and mitigation of climate change

« Beauty, heritage and engagement with the environment

But when we use a natural capital
approach, we are more likely to take
better and more efficient decisions that
can support environmental enhancement
and help deliver benefits such as reduced
long-term flood risk, increases in wildlife,
and a boost to long-term prosperity.




Objective Result indicator

indicator species.

Provision of pollen and nectar
resources for pollinators

15
19 Arable

Grassland

Piloting results-based payments
for agri-environment schemes
in England

Executive Summary

Number of farms under agreement
fone grassland agreement holder
eft the pllot after the first year)

First published g*" October 2019

Natural England joint Publication JPo31

le ,% “The more that you put in, the more that

v

mo you get out”
YORKSHIRE DALES

National Park Authority Particlpating farmer

Species rich hay meadow Species richness score based on presence of positive and negative

Habitat for breeding waders Score based on positive and negative habitat structural
characteristics/features.

Provision of winter bird food Score based on number of specified seed bearing plant species
present.

Score based on number of specified flowering plant species present
and in 2nd year after establishment % cover of specified species.




Measuring environmental
change: outcome indicator
framework for the 25 Year
Environment Plan |4

Department
May 2019 for Environment

Food & Rural Affairs




To what extent has sustainable intensification in England been achieved?
David I. Armstrong McKay **, John A. Dearing ?, James G. Dyke ?, Guy M. Poppy ®, Les G. Firbank

Science of the Total Environment 648 (2019) 1560-1569
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© Geoff Robinson

“In future, 100% of any public payment should be conditional on gé
meeting higher standards of wildlife, soil & water” NT

“We shouldn’t contemplate anything which undermines British
farming’s competitiveness or its ability to produce food” NFU ZNFU

National
Trust

Thank you! https://www.york.ac.uk/yesi/
sue.hartley@york.ac.uk s.hartley@sheffield.ac.uk
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« Sustainable intensification: Producing more from the same area of land while conserving
resources, reducing negative environmental impacts and enhancing natural capital and the flow of
environmental services.

« Ecological intensification: Increasing food production while reducing the use of external inputs
and minimizing negative effects on the environment by capitalising on ecological processes and
ecosystem services from plot to landscape scale.

» Agroecological intensification: Improving the performance of agriculture while minimizing
environmental impacts and reducing dependency on external inputs through integration of
ecological principles into farm and system management.

“agroecological intensification integrates ecological

Common key words for both ecological and sustainable intensification

principles into agr/culturql management to reduce sy
dependency on external inputs and increase the D o
productive capacity of biotic and abiotic system | !
” M
Comp onents Mllder et al' (&) Additional key words for either ecological or sustainable intensification

* resource use efficiency
+ ecological processes and
ecosystem services

v v v

Additional key words introduced with agroecological intensification

Agronomy for Sustainable Development

-~ October 2015, Volume 35, Issue 4, pp 1283-1295 | Cite as

The blurred boundaries of ecological, sustainable, and
agroecological intensification: a review

* social and cultural perspective

» farmers’ knowledge and
intensification of knowledge

» systems approach
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Box 3: Concepts related to sustainable intensification

Ecological intensification: This phrase was coined by Cassman® in a 1000 paper
on cereal production that anticipates many of the analyses of the last few years:

“At 1ssue, then, is whether further intensification of cereal production systems can
be achieved that satisfy the anticipated inerease in food demand while meeting
acceptable standards of environmental quality. This goal can be deseribed as an
acological intensification of agriculiure.” This concept i1s essentially synonymons
with an environmentally oriented interpretation of sustainable intensification.

Agroecologyv: This has been defined as “the application of ecological concepts and
principles to the design and management of sustainable agricultural ecosystems...
This approach is based on enhancing the habitat both above ground and in the

soil to produce strong and healthy plants by promoting beneficial organisms while
adversely affecting crop pests (weeds, insects, diseases, and nematodes)*, However
it can also been seen as a “scientific discipline, as a movement, and as a practice” —
sometimes all three — and the way it 1s used varies by contexts-,

Sustainable intensification in agriculture

scHntists and polcy-makers alike The big queston 8 how !
produce more 100d with much fewer resources. Sustanabk

Navigating a course through competing food system priorities ntensficaion (Le., NCraas ng agnauitural output while keepr

the ecobgcal footprnt as small as possbie) for some 8 an

A report on a workshop oxymoron, uniess real progress can be made In ecological

ntensfication, hat 8, Ingeasng agnculturd ouput by

Tara Garnett & H. Charles J. Godfray®3 capitalzing on ecologicad processes In agro-ecosystams.

Box 1: Sustainable intensification: description, aspiration,
or oxymoron? A selection of views



Key Policy concerns likely to influence the delivery of Public Goods
across the agricultural, environment and rural system

Environment

Sustainability (water,
soil, environmental
resilience)

Landscape Planning and
Policy (Habitat creation
and protection

Health of the
Environment (animal,
plant and tree health)
Wildlife (biodiversity,
pollinators)

Biosecurity (AMR,
disease risk)

Food production (crop

Social

e Social capital

(community
cohesion, resilience)

* Population

demographics
(rural/urban)

* Wellbeing (farmer,

community physical
and mental health)

 Animal welfare
* Food safety

/ Economic \

 Employment (job
creation, financial
investment,
tourism)

e Labour (availability,
migration, skills)

* Infrastructure
(digital and physical
connectivity)

* Business viability
(profitability,
productivity,
incomes)

 Trade and

and livestock) 4

External Drivers

» Stakeholder views, capabilities, resistance
 Departmental resources, time, expertise

\.* Government funding commitments

regulation
* Land and housing

(prices, availability)/
N—

)




CASE STUDY 2 - SHAPING FUTURE POLICY

Mapping the Future Agriculture, Environment and Rural System: Using Systems Mapping
to embed complexity thinking in the design and development of post-Brexit policy across four
domains: Animal Plant Health and Welfare; Environmental Land Management; Productivity,
Risk and Resilience; and Rural Economies and Communities.

Goal: A whole system approach, putting policies into their real-world complex system
context

Aims:
Embed and incorporate complexity at the early stages of designing new policy for the future

agriculture, environment and rural system

Build capacity to incorporate complexity thinking into policy design and evaluation
throughout the policy system

Stakeholders: Defra policy
leads and policy analysts across
four policy domains

Group Systems Mapping four Producing Framing
Work Mapping policy areas whole-system future
across the maps that evaluation
agriculture, recognise policy planning
environment and connections and

rural system interactions




