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Presenter
Presentation Notes
Essentially all land that could be used is being used (other than rain forests and deserts)

Land area for agric is more likely to shrink due to urban growth, and sea level rise (the best agric land is often near the coast)


ON A SLIPPERY SLOPE
Global distribution of risks to major agricultural systems
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Environmental cost estimates per hectare

based on application of fertiliser at 190 kg N per hectare

0 Environmental Cost:
GHGs from Production

Global
Food Security

o
sta’"able, healthy food f0¢

O Environmental Cost:
GHGs from Application

O Health cost: Air Quality

[ Provisioning Cost:

65 Water Quality

[0 Recreation Cost:
Fishing

defr

[ Biodiversity Cost:
Wetlands/Aquatic

For comparison p ha costs for wheat are ~£700 and gross income

Total Environmental Cost ~ £333.61 ~£1400 = £900 (less rent etc)


Presenter
Presentation Notes
Implied costs to ecosystem services using UK agricultural inventory of GHGs method and the above non-traded costs of pollution. 

Costs are about £300 per hectare, based on application of fertiliser at 190 kg N per hectare

Again, it must be emphasised that uncertainty is significant!


THE CHALLENGES OF SUSTAINABLE
AGRICULTURE

1. Multiple axes
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1. Rank treatments in a study

according to different response
\variables (asin fig. 2A)
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2. Calculate correlation (r;) or choice
potential (CP) across treatments in that
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Variable 1

Soil physical structure
Water flow
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Variable 2

Nutrient use efficiency

. Plants

Invertebrates
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Soil biodiversity
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Soil nutrients
Vertebrates

Soil carbon
Water quality

Water flow
Weeds
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0.31 0.21 0.33

044 005 - - - 024

-0.17 0.40 0.27

Table 1. Matrix of
correlation  coefficients
potential scores.

Weighted averages of the correlation coefficients for
each pair of response variables, calculated across all
studies. Cell colour scaled for each measure to aid
visual interpretation.
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THE CHALLENGES OF SUSTAINABLE
AGRICULTURE

2. Context dependencies
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High yielding
organic
agriculture can
Impact on
ecology in similar
ways to
conventional
farming
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Variable 2

Soil physical structure
Nutrient use efficiency
Energy use efficiency

Water flow

Soil biodiversity
Soil carbon

Soil nutrients
Yield

Water use efficiency
Invertebrates
Vertebrates
Pollination
Animal pests
Weeds

GHG emissions
Welfare

Costs

Profit

Soil physical structure
Water flow

Soil biodiversity

Soil carbon

Soil nutrients

Water quality

Yield

Water use efficiency
Nutrient use efficiency
Plants

Invertebrates
Vertebrates
Pollination

Animal pests

Weeds

GHG emissions
Energy use efficiency
Welfare

Costs

Profit

0.31 0.21 0.33

. Plants

2

]

S

o

8

=
.0. 1

0.33 0.50 0.23 0.44 0.05

0.25 0.30 0.41
0.30

-Qgf®" 0 Q03 g d -0.02 0.28 0.00 0.22 -0.03

. 0.43 0.04

- 0.06 042

0.15 0.22

0.44

0.59 0.62

Choice Potential

Legend
1.00 . 1.00
0.75 0.50
0.50 0.00
0.25 -0.50
0.00 -1.00

1US101JJ202 UOIR[31I0D



THE CHALLENGES OF SUSTAINABLE
AGRICULTURE

3. Systemic impacts
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Smarter landscapes
are possible

e |tis possible to “design”
landscapes better to
deliver a range of goods

e Governance issues
abound




100 % pasture

0 100 % cropland

Figure S1. Extent of Global Agricultural Lands. This map illustrates the global extent of
croplands (green) and pastures (brown), as estimated from satellite- and census-based data by
Ramankutty af al | Accordina to LI N EAO etatistice croanlandes currentlv exvtend over 1 53 billion
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A safe operating space for humanity

Climate
change
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Science of the Total Environment 506-507 (2015) 164- 181

Contents ists avodable at ScenceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitoteny

Poverty alleviation strategies in eastern China lead to critical
ecological dynamics

@CNHMA:L

Ke Zhang *', John A. Dearing **, Terence P. Dawson ", Xuhui Dong *, Xiangdong Yang ¢, Weiguo Zhang ¢

Limits, tipping points,
transitions
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Engineering resilience concept
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If we carry on as we are...

We need to produce more food by
2050 than we have done in human
history

This will require 120% more water;
42% more cropland and loss of 14%
more forest

This will emit enough carbon dioxide
to create 2 degrees of global warming

We'll lose much of the world’s
biodiversity

Food will increasingly be associated
with early deaths

Importance of food-demand management for
climate mitigation NCC

Bojana Bajzelj'*, Keith S. Richards?, Julian M. Allwood', Pete Smith3, John S. Dennis?, 2 O 14

Elizabeth Curmi' and Christopher A. Gilligan®
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Shifting Distribution of Summer Temperature Anomalies
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Expected returns
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Average does
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better

Abson et al 2013

Variability in returns

In each place there are likely to be limits
to “sustainable agriculture” (soils, water,
other services)

Efficiency metrics (“do more with less”)
do not capture limits or non-linearities
in functions

Not clear spatial or temporal scale to
monitor sustainable agric
— Field/farm /landscape/region/country/world
— Annual or multiple years

Navigating trade-offs: many ecosystem
services valued but not marketed

Resilience and climate change variability
may lead to structural changes
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Thank you!

tim.benton@foodsecurity.ac.uk

www.foodsecurity.ac.uk
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Assessing the sustainability of agriculture — from an environmental
perspective — is dogged by three specific issues. The first is that there are
multiple axes of environmental impacts associated with farming (impacts on
water use and quality, soil, GHG, biodiversity etc), as well as outputs being
measured in the amount of yield, the quality of yield (e.g. people fed per
hectare) or farm profit. As many of these variables are negatively correlated,
it is not clear how best to navigate trade-offs. The second is that
management’s impacts are place dependent, giving rise to the potential for
the same action to have positive or negative outcomes. The third is that as
different bio-physical processes work at different spatial (and temporal)
scales, some impacts need to be assessed at scales larger than the farm: for
example, for pollination and natural pest control the aggregate habitat
availability at the landscape scale determines the population size which can
be found on farm, so a farm’s biodiversity depends in part on the actions of
farmers in the neighbourhood. These factors suggest that “maximally
efficient farming” and sustainable agriculture are not necessarily the same
thing. To ensure sustainable agriculture requires some degree of “spatial
planning” to match management to location and impacts.

25 MINS



calories delivered to the food system per calorie produced
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Figure 1. Calorie delivery fraction per hectare. The proportions of
produced calories that are delivered as food are shown.

E S Cassidy et al Environ. Res. Lett. 8 (2013) 034015
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