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Intensification is necessary: but how 
far is possible? 
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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)



Sustainability is important 

 



Land does much, for many 
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GHGs from Production

Environmental Cost:
GHGs from Application

Health cost: Air Quality

Provisioning Cost:
Water Quality

Recreation Cost:
Fishing

Biodiversity Cost:
Wetlands/Aquatic

Total Environmental Cost ~ £333.61 
For comparison p ha costs for wheat are ~£700 and gross income  
~£1400 = £900 (less rent etc) 

Environmental cost estimates per hectare 
based on application of fertiliser at 190 kg N per hectare 
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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 hectareAgain, it must be emphasised that uncertainty is significant!



THE CHALLENGES OF SUSTAINABLE 
AGRICULTURE 

1. Multiple axes 
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Meta-analysis 

 

5. Calculate the weighted mean z or
logitCP, and uncertainty, over multiple
studies.
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6. Back-transform cross-study mean
and confidence interval into rs or CP
units, for chosen pair of responses.
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7. Repeat steps 1 to 6 for other pairs
of responses, forming a pairwise
matrix of mean rs and CP with
confidence estimate

Multiple studies
Multiple pairs of responses

1. Rank treatments in a study
according to different response
variables (as in fig. 2A)

2. Calculate correlation (rs) or choice
potential (CP) across treatments in that
study, for a chosen pair of response
variables.

Single study
Single pair of responses 

3. Transform value into Fisher’s z (for rs)
or logit (for CP) scale.

4. Estimate within-study variance of
Fisher’s z or logitCP, from a null
distribution simulated for the
appropriate number of treatment
groups (N).

e.g. yield    water 
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Soil carbon 0.87 0.97 0.98 0.64 0.30 0.61 0.73 0.66 -0.05 0.80 - - 1.00 -1.00 -1.00 0.70 -0.87 -0.38 0.65

Soil nutrients 0.92 0.89 0.98 0.95 -0.16 0.47 -0.03 0.75 0.56 0.32 - - 0.05 -1.00 -0.02 0.28 0.00 0.22 -0.03

Water quality 0.95 0.75 0.95 0.81 0.92 -0.74 0.87 1.00 0.99 1.00 - - 1.00 - -0.75 0.73 0.70 0.43 0.04
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Water use efficiency 0.95 0.95 1.00 0.91 0.86 1.00 0.98 0.59 - - - - 1.00 - - - - 0.06 0.42
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Table 1. Matrix of mean pairwise 
correlation coefficients and choice 
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.  



THE CHALLENGES OF SUSTAINABLE 
AGRICULTURE 

2. Context dependencies 



There is no recipe for “sustainable 
agriculture” 

High yielding 
organic 
agriculture can 
impact on 
ecology in similar 
ways to 
conventional 
farming 

Gabriel et al 2013 J appl ecology 



Frequency dependence 
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Context matters 
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“choice potential” 

• To capture the degree to 
which context may 
influence performance 
(“the efficiency frontier”)  
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THE CHALLENGES OF SUSTAINABLE 
AGRICULTURE 

3. Systemic impacts 



Specialisation of “function” can be 
more efficient: land sparing 

Gabriel et al. 2009 J app Ecol; 2010 Ecol Letts; Hodgson et al 2010 Ecol. Letts 
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Smarter landscapes 
are possible 

• It is possible to “design” 
landscapes better to 
deliver a range of goods 

• Governance issues 
abound 
 

 



Sustainable landuse is further complicated 
by market forces connecting distant land 



Spatial planning needed for a “sustainable 
system” 

 

Yield potential 

ES potential 

location 



THE CHALLENGES OF SUSTAINABLE 
AGRICULTURE 

4. Limits 



Limits, tipping points, 
transitions 

Breakpoints and regime shifts in water quality records across 
the LYB 1900–2006. Reconstructed time series (upper panel) for 
total dissolved phosphorus (TP μg/l) in Huangmei, Shucheng and 
Wujiang and dissolved inorganic nitrogen (in mol/l) in the tidal 
Yangtze zone show rapid nutrient enrichment (note reversed left 
and right axes) after the 1970s. Normalized (z score) records of 
potential drivers of agricultural intensification (lower panel) 

         
           
       



Resilience: how does a system respond 
to a perturbation? 
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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 

NCC 
2014 



Conclusions 

Variability in returns 

Ex
pe

ct
ed

 re
tu

rn
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Normal conditions specialist 

Variability specialist 

Managing for 
Average does 
better 

Managing for 
Variability does 
better 

• 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 

Abson et al 2013 
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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 



Cows, cars and carbon emissions 
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