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Human Population growth
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Human Population Size: UNPD 2008

6.855 bn, July 2010
~9.15 bn by 2050

+35%



Global food:
the big picture

• As countries develop, diet changes from crop to 
meat 
– e.g. China – demand increasing 2x faster than pop 

growth
– A healthy vegetarian diet requires 0.2ha, a meat-

based diet requires 1.4ha because a kg of meat 
requires 6 kg of grain to produce

• Projections suggest global demand will be for 
~2x more food (but with big range)



Globally, we need about 2x the 
food, but:

• Biofuels will take land out of 
cropfood production

• Global warming will reduce 
yields (esp as water stress 
bites)

• Potential for yield loss as 
move to a “low carbon”
economy

Putting these things together would suggest >2x area required….



Climate change: not just the 
mean

Battisti 2009 Science

“The most intense seasonal temperature and the majority of fatalities were centered in France 
and northern Italy, where over 30,000 people perished from heat-related causes….Record high 
daytime and nighttime temperatures over most of the summer growing season reduced leaf 
and grain-filling development of key crops such as maize, fruit trees, and vineyards; 
accelerated crop ripening and maturity by 10 to 20 days; caused livestock to be stressed; and
resulted in reduced soil moisture and increased water consumption in agriculture. Italy 
experienced a record drop in maize yields of 36% from a year earlier, whereas in France maize
and fodder production fell by 30%, fruit harvests declined by 25%, and wheat harvests (which 
had nearly reached maturity by the time the heat set in) declined by 21%”



Global 
farming

• Global land area is 13.4b ha
– Current crop land is 1.53 b ha
– Current pastureland is 3.44 b ha

• Land with potential for crops is estimated 
to be 3.32 b ha 
– i.e. potential for expansion of 2.16 x in crop 

area
• But this includes 0.77 b ha of forests, and 

land other land is not “prime”



The challenge

• Increase food production
– in the face of climate change
– whilst reducing the carbon cost of farming 
– but not simply by farming at lower intensity 

and taking more land (because there isn’t 
enough)

• Beddington’s Perfect Storm



Ecosystem Services: 
biodiversity is important

• Stewardship and nature
• Pollination
• Pest control
• Soil fertility
• Water
• Flood defences



Two key questions for 
conservation (for ES provision):

• Q1: is land sparing or 
land sharing optimal?

Small reduction in 
yield produces big 
wildlife benefit: land 
sharing optimal

wildlife benefit 
requires big yield 
reduction, much 
more land need to 
provide same food: 
land sparing optimal
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Q2 scale effects

• If land is managed for ES then what is the 
appropriate scale (within field, within farm, within 
landscape etc)?



Method: contrasting organic 
vs conventional farming

• Farms paired for 32 socio-environmental 
variables and selected randomly

• Paired focal farms (one O, one C) sat in 
landscapes that were highly intensive (“cold”) or 
had 10-20+% land farmed organically (“hot”)

• Sampling at location (margin, edge, centre), 
within field (crops or grass) within farm (organic 
or conventional) within landscape (hot or cold) 
within region



Description of results

• Location, Management, Crop & Landscape all matter

Gabriel et al Ecology Letters, (2010) 13: 858–869
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Farmland birds
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Comparing organic farming and land sparing: maintaining yield and wildlife at a landscape scale.
Jenny A. Hodgson*, William E. Kunin, Chris D. Thomas, Tim G. Benton & Doreen Gabriel. (in press)



Yields per field (wheat)

“cold”
landscape

“hot”
landscape

Conv 9.3 ± 0.33  
(9)

9.4 ± 0.39 
(8.8)

Org 4.2 ± 0.39 
(3.8)

4.3 ± 0.29 
(4.3)

The costs and benefits of farming in organic and 
conventional agriculture

Doreen Gabriel, Steven M. Sait, William E. Kunin, Tim 
G. Benton

(under review)
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Interpreting the results

• Q1: land sparing vs
land sharing
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Optimal average landscape 
design: spare or share?

O=0

O=C
UK ave

Critical 
threshold: 
only if 
O>87.5% C 
it is better to 
share rather 
than spare

Comparing organic farming and land sparing: maintaining yield and wildlife at a landscape scale.
Jenny A. Hodgson*, William E. Kunin, Chris D. Thomas, Tim G. Benton & Doreen Gabriel. (in press)



Land sparing

• Land exclusively managed for wildlife 
has most wildlife

• Yield loss in organic land is 
considerable and biodiversity gain isn’t 
always large

• Optimal way to maintain yield AND 
preserve wildlife is often by land sparing 
(“conventional” farming plus land for 
wildlife), rather than land sharing (as 
exemplified by organic farming)



Q2: scale issues

• All spatial scales are important in 
influencing biodiversity:
– Location in field
– Field in farm
– Farm in landscape
– Landscape in region

• Different groups respond in different ways



Statistical Conclusions

Hot/Org>Cold/Org=Hot/Con>Cold/Con



Biological conclusion

• When controlling properly for landscape: 
on average, wildlife effect of organic farms 
varies between groups and can be positive 
or negative.

• “best” overall effect on biodiv occurs when 
O farms grouped into “hotspot landscapes”



We know that organic farming is 
clumped

Clumping arises via many 
factors: social and 
environmental

Gabriel et al 2009 J appl Ecol



Regional land sparing?

• Organic farms more likely in 
“non intensive landscapes”
(farmers going for low-yield 
but premium)

• Organic farms in intensive 
landscapes lose much yield 
for small gain in biodiversity 
terms

“cold”
landscape

“hot”
landscape

Conv 9.3 ± 0.33  
(9)

9.4 ± 0.39 
(8.8)

Org 4.2 ± 0.39 
(3.8)

4.3 ± 0.29 
(4.3)

grain yield winter cereal (t/ha) 

• When land pressure increases perhaps most efficient to 
concentrate farming in “intensive landscapes” and “spare 
and share” in non-intensive landscapes?



Blood pressure mitigation

• Land sparing requires land actively managed for 
wildlife
– Blocks &/or networks of real conservation margins

• Move towards low-carbon economy may require 
more of ES
– Spatial scale of 300m for natural enemies

• “intensive landscape” may be field centres 
managed non-organically and field edges as 
reserves





Summary

• “extensification” (land sharing) is not likely to be 
the answer to joint problem of conservation and 
maximisation of yield

• Land sparing more likely:
– At field level with proper marginal management
– At landscape level with non-cropped areas creating 

network; requires coordination between farmers
– At regional level when intensive farming less possible

• Future farming necessarily likely to become 
“greener” to raise efficiency, but we cannot lose 
sight of the need to maintain yields



Conclusion

• Food security is a societal problem and 
requires thinking in a different way and on 
different scales
– Science alone will not solve
– Interdisciplinary approach needed to avoid 

conflict between science domains
– Yield needs to be optimised at a scale greater 

than “the field” (landscape, region, country….)
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