4

y
@ ! <

» . S
-

Global P
Food Security \‘i

Research Infrastructure for
Food (and nutrition) Security

Tim Benton

UK Champion for Global Food
Security & Professor of Ecology,
University of Leeds

tim.benton@foodsecurity.ac.uk

’ @timgbenton




AIDEIH (4), Saudi Arabid (¢)]

N Haiti (5), Eovpl 3.
a3 [ 2 3 \1;\unl:m|a(l) Sudan (1), Yemen (300+)_|
260 2 ] CotedTvowe (1) somaia (s Oman (2), Morocco (5)

o) i Sudan (3) Tunis ln(h Egypt (800+) —Jaq (29), Bahrain (31)
0L 190) 1 Cameroon (_‘05 N |/ ben(looom)-‘ Syria (900+) _
- w 1  Yemen(12) 3] Tunisia (3004) —,

120 ]

1) 4 / India (1)
220 | Mozambique (6) ,J Sudan (1)

; ; i Mozambigque (13)
Mauritania (2)

I
' ' =

L l]HIlY IﬂEUfﬂ[ lﬂHI]E on HU[HHGE

Food Price Index

Burundi (1)

| |
2010

|
2004
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...and the food system is the world biggest land user, employer and, arguably, polluter



DRIVERS OF CHANGE
DRIVER 1: DEMAND IS GROWING



Animal protein expensive in
resources to produce (ENA)

N in feed

Poultry
(meat)

Poultry
(eggs) |
Pork (meat)

Cattle (milk)

Cattle (beef)

2000: 60% middle class
“western” vs 20% “eastern”
2050: 12% vs 68%

Growth in global food
demand

35% more mouths by 2050
— Mainly in Asia, Africa and S. Am

Richer people eat more and
differently:

— Global middle class will increase 3bn
by 2050

70% urbanised
— Understanding of food systems

All add up to projected increased
global food demand (FAO estimate
60% more)



DRIVER 2: THE WORLD IS GLOBAL
AND CHANGING



courtesy of http://rsif.royalsocietypublishing.org/content/early/2010/01/19/rsif.2009.0495.full
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The challenge to keep global Zs
warming below 2°C ) - |
Glen P. Peters, Robbie M. Andrew, Tom Boden, Josep G. Canadell, Te-;perature gnomaly (:SG) 10

Philippe Ciais, Corinne Le Quéré, Gregg Marland, Michael R. Raupach and Charlie Wilson
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ction. (A) (Log-linear scale). The world’s food production (thin red line),
1t of food transported on the IFTN (linearly fitted small squares, blue)
s flow at an increasing rate from countries to countries, as shown by the
‘rom the above data (small squares fitted by an exponential curve). Note
JN databases [6,23].

Complexity of the International Agro-Food Trade
Network and Its Impact on Food Safety

Maria Ercsey-Ravasz'?, Zoltan Toroczkai', Zoltan Lakner?, Jozsef Baranyi®*

From Wheeler & Von
Braun (2013) after
World Bank (2010)

; No data




INFRASTRUCTURE NEEDS
1. Genes to phenotypes
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(° Traitsto understand: * Infrastructure needs

— Yield — Genomics

— Nutritional quality — Proteomics

— Resource use efficiency — Metabolomics

— Resistance to biotic and — Bioinformatics
abiotic stresses — phenotyping

— Growth rate and — Open and big data

phenology




INFRASTRUCTURE NEEDS
2. Genes to phenotypes in the field



P. Tittonell, K.E. Giller / Field Crops Research 143 (2013) 76-90

Yield-defining factors

Varietal characteristics

Development rates
(plastochrone, phyllochrone,
thermal times)

Growth rate (photosynthesis,
specific leaf area, leaf weight
ratio, net assimilation rate,
relative growth rate, respiration
coefficient)

Morphology and plant
architecture (growth habit,

partitioning, shoot:root ratio,
leaf area ratio, harvest index)

Quality traits

Yield-limiting factors

Varietal characteristics

Drought tolerance/ efficient
water use, length of growing
cycles

Efficient nutrient capture and
conversion into biomass

Yield-reducing faclors

Varietal characteristics
Tolerance/ resistance
Competitive ability (Weeds)
Morphology/ phenology

Environment
Rainfalll ETP {humidity, wind)

Water capture and availability
(infiltration, run-off, retention)

Nutrient availability (N, P, K, S,
Ca, Mg, micronutrients)

Environment

Conducive conditions for pest/
disease attacks (climatic
conditions, presence of
inoculum, pest dynamics,
natural enemies, neighbouring
plots, biodiversity)

Environment

Radiation (FAR), Temperature,
Growing period (e.g. frost), Day
length

Management

Planting dates, plant density

and spacing (architecture),

Intercropping

L1

Potential yield

* Exploiting GXExM

Management

Irrigation (frequency, amount
and method)

Fertilisation (nutrient, source,
amount, timing and placement)

Current and past soil
management (heterogeneity)

Mulching, tillage, terracing,

rotation.
J L
Attainable yield

Management

Current and past pest, disease
and weed management

Crop rotation, cover crops and
mulches

Spatial allocation of crops
across the landscape

Light, water and nutnent
competition by weeds

Host plants for pests

4L
Actual yield




Farm-scale
instrumented
platforms

— Sensors

— Networks

— Big data
Distributed across

many replicates to
sample many Envts

Functioning networks
of existing platforms?



INFRASTRUCTURE NEEDS

3. Managing landscapes



What does land do?
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Creating smart
landscapes

* Detailed ecosystem service
mapping
* Big data and scalable models

A: Field Boundary Changes B: Patch Class Changes

30 kmofboundary 5. 9 o
added/removed %H t

Increase woodland
(dark green) by 200 ha

Addition (blue lines) » Aggregated

Removal (red lines)

Richard German thesis 2012



INFRASTRUCTURE NEEDS

4. Resilience and risk-management



Resilience and risks

1 e Weather
, — High resolution forecasts
-1.0L | i |
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Figure 1: Global annual temperature record since 1960 and the latest ensemble of
forecasts from the Met Office decadal prediction system produced in January 2014. The .

S s e e e et s Trade/production/impact models
o e e — How does a shock in one place
influence food security in another?

e Pests and diseases

— Surveillance, monitoring and
forecasting

* Crop diversity

— Developing new crops to reduce
reliance on rice, wheat, maize




INFRASTRUCTURE NEEDS
5. Food into health



T
OBESITY

What caused it?

Zoé Harcombe

BA. MA (Cantab)

How can we stop it?

[

lobal Prevalence of Obesity in Adult Females Elle!

Nith examples of the top 5 Countries in each European Region
Albania 36%

Malta 35%

Turkey 29%
Slovakia 28%

Czech Republic 26%

Eastern
. 2 .
North America ¥ ;‘;sg;:eg;?ean
il Qatar 45%

3arbados 31% i ia 449
Wexico 20% Saudi _Arabla 444

5t Lucia 28%
3ahamas 28%

Africa

9 5 Seychelles 28%
okt South Central America sg\ﬁm Africa ZS;% f
0-9.9% ¢ .. Panama 36% Ghana 20% South East Asia &
10-14.9% - Paraguay 36% Mauritania 19% Pacific Region
- Peru (urban) 23% Cameroon (urban) 14% Nauru 78%
et Chile (urban) 23% Tonga 70%
Dominican Republic 18% Samoa 63%
With the limited data avallable, prevalence's are not age standardised. Self reported surveys may e o
2 e 2 ; 5
underestimate true prevalence. Sources and references are avallable from the I0TF. French Polynesla 44%
International Obesity TaskForce, London -January 2007

Diet and health:

2013.168118

e Diabetes UK cost ~£30bn

* >50% of adult Chinese are pre-
diabetic /AMA. 2013;310(9):948-958. doi:10.1001/jar

* over-consumption associated
with >20% of deaths globally;

e Malnutrition & micronutrients



of

“Let’s see...number of cheeseburgers eaten in
a typical month? three...no, I'll put down four.”

Need for greater understanding

Attitudes to food choice and
consumption

Impacts of food

— At population and demographically
structured levels (e.g. elderly)

Infrastructural needs

— Cohort & population studies

* Link to European Social Survey (ERIC)?
— Basic biology underpinning health

* Personalised nutrition

* Holistic nutrition

— Big and open data
* Health data?
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processing

Environment — sourcing packaging
atmosphere,

weather and climate

transport

Environment-
land and water
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choice

wellbeing< =~ health nutrition E J

Systems approaches

Needs:

Systems’ view

trans-
disciplinarity

Prioritisation of
“key questions”

— Is complex &
needs
stakeholder
input



Final thoughts

* Much existing infrastructure already
exists

— Perhaps less need for “big kit” than
other sectors/disciplines

Suspory \
“Stainable, hoattny food >

Connected infrastructure * The key is to connect it rather than re-
already exists: invent the wheel
e.g. global observatories — As with JPIs

(e.g. NEON) or LTER sites

* Need integrated knowledge systems
and networks

Don’t reinvent the
wheel multiple times:
connect them with a
chassis
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Thank youl!

tim.benton@foodsecurity.ac.uk

www.foodsecurity.ac.uk




