Agriculture and Food Security Considerations
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Agriculture and Food Security Considerations:

What, and for whom?

Defining Food Security:

___________ Stability‘-----______
Physical availability Economic & physical
of food access to food Food utilization
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POVERTY SUMPTION ACTION BELOW WATER ON LAND
A

DPRODUCTION

Food security is not just about production and available land

There exist many regional heterogeneities and trade-offs in achieving food security
alongside other Sustainable Development Goals



Agriculture and Food Security Considerations:

What, and for whom?

The geography of global food insecurity
What do we need to evaluate food security at a regional level?

2018 Global Hunger Index by Severity

- Extremely alarming

. Alarming

Serious

Moderate

. Low

. Insufficient data, significant concern*

. Insufficient data

Not calculated**



Agriculture and Food Security Considerations:

What, and for whom?

How do we normalize food system metrics in order to meet food security needs?

Global Yield Gaps Calorie Delivery Fraction

~Mueller et al., 2012

Major cereals: attainable yield achieved (%) calories delivered to the food system per calorie produced
|
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~ half of crop calories produced feed people directly
~1/3 of crop calories used for animal feed
<10% used for fuel+industry



Agriculture and Food Security Considerations:

What, and for whom?

Crop class production distributed over Farm Size
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Small and medium farms (<50 ha) produce 51-77% of most agricultural commodities and nutrients



Agriculture and Food Security Considerations:

What, and for whom?

Nutrient production distributed over Farm Size
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Small and medium farms (<50 ha) produce 51-77% of most agricultural commodities and nutrients



Agriculture and Food Security Considerations:

Modeling Planetary Health

Processes and Frameworks: What agriculture and food security questions do we feel
equipped to ask and answer?

Do we have both the modeling capacities and data?
At what temporal and spatial scales?

Governance and Market Dynamics

Topics and Questions:

Climate Agriculture
Impacts on Feedbacks to
Agriculture Environment

Climate-Smart .
Agriculture qunetaw Bound_anes
Climate Interactions

Suitability
Production/Yields
Drivers of LULCC Planetary Health



Agriculture and Food Security Considerations:

Processes and Frameworks

Climate Change Impacts — Agriculture

Possible benefits -
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Agriculture and Food Security Considerations:

Processes and Frameworks

Carbon Dioxide
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Atmospheric Conditions: Carbon Dioxide

Zhu et al 2018

Agriculture and Food Security Considerations:

Processes and Frameworks

Nutrient % change across different rice varieties as a result of high [CO,]
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Agriculture and Food Security Considerations:

Processes and Frameworks

Atmospheric Conditions: Air Pollution

Global distribution of current day ozone ‘hotspot’ regions

WP

- =y -
7 ari.. ; B , e T PRI & EUROPE////%?///%& /
Z”i /zosssggg
A ..\7.4/0 /_
.

o) s A N
03 concentration 40 f‘"’f"‘"“v
B >=56 ppby §EEEE
Land cover

- Irrigated croplands
[ Rainfed croplands

- Closed to open grassland ﬁ' e e Emberson et al., 2018




Agriculture and Food Security Considerations:

Processes and Frameworks

Extreme Events and Episodes o o
Change in Midwest Maize Yield
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Scott Olson/Getty Images Li et al., 2019
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Consider the “known unknowns”:

* Most process-based crop models cannot reproduce crop responses to excessive rainfall

* Compounding effects, such as antecedent wet winter/early springs can amplify growing
season losses, (also by way of infrastructure)

* Policy changes can interact with climate extremes: e.g. trade wars exacerbate seasonal

extremes and drive food system “fragility” (unkown unknowns. . . .)



Agriculture and Food Security Considerations:

Processes and Frameworks

Lessons from the global gridded crop modeling community
(in conversation with Christoph Miiller and Jonas Jégermeyr)

- GGCMs show mixed skill in reproducing temporal and spatial crop yield variability, and
rice is particularly weak (muler et ai 2017)

- Higher N rates increase climate variability in yields, while irrigation diminishes
variability (but does not fully ameliorate crop loss from warming) uler et al 2017)

-  GGCM simulations are quite sensitive to growing season representations, soils, and
management (e.g. fertilizer types and applications, rotations, varieties, actual irrigation
amou ntS) - major role for adaptation (Muller, Jaegermeyer, personal communication)

- Scale-dependency in critical parameters determining yield sensitivity highlight
importance of using appropriate parameter values (izumietal2014)

- One of the biggest values of crop model intercomparisons is the ability to learn from
each other as models often show complimentary skill (muler et al 2017)



Agriculture and Food Security Considerations:

Topics and Questions

Modeling for Planetary Health:

Better Production?

* What crops/products do we need more of to meet nutrition and climate goals?
* How do we grow more of these crops? Intensification, genetic improvement,
alternative management, land area . ..

Better Consumption?

* How do changes in diet rectify regional nutrition disparities?
* How do changes in diet impact climate/environment in light of 1.5°C and planetary

boundaries?

Better Governance?

* How can (Should?) we govern consumption and to what ends? Nutrition, resilience,
mitigation. . .

* How can (Should?) we regulate production and to what ends? Nutrition, resilience,
mitigation. . .

* What are the implications for landuse distributions?



Agriculture and Food Security Considerations:

Production Transformations

An AgMIP Example : Nkayi, Zimbabwe
Exploit gains in legume production to enhance soil fertility; adapt to climate change;
and boost household incomes

IMPROVING PRACTICES TODAY

3500

2500
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1500

1000

Absolute Farm Net Returns (USD)

500

0

Base

Current farm net returns
for Zimbabwe farmers
are low. To improve these
levels, a three step

— approach is used.

=l

Homann-Kee Tui et al 2013; Antle et al 2017

Step 1

Promote and Intensify
drought-tolerant staple
crops maize and sorghum
through improved manage-
ment options, including those
that enrich the soil, inorganic
fertilizer combined with
greater use of better quality
manure

Range of adoption: 77 - 91%

[V ocatie [l 1-8catte

Step 2

With higher malze ylelds
from Step 1, convert land
from malze to legumes -
improves soil properties,
provides nutritious feed for
livestock, increases profitability
per unitland

Range of Adoption: 81 - 87%

8+ Cattle

Step 3

With higher groundnut
production from Step 2,
farmers also use existing
market opportunities and
organize sale of groundnuts —
good quality and large
volumes double the price
per unit sold

(70ct vs. 35ct per kg)
Range of Adoption:
73-84%

Cropping system transitions, initially with local resources,

Ag¥MIP

may be a sizeable component of regional climate adaptation



Agriculture and Food Security Considerations:

Production Transformations

Organic vs Conventional Production

. Land use
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Need to move beyond simple efficiency gains to
.| explore how alternative production systems (crops and
. etalzois y management) contribute to planetary health —

' alternatives “sustainably intensified” monocultures
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Agriculture and Food Security Considerations:

Dietary Transformations

“Healthy diets” by 2050 will . E__
ed meat

require: =
>50% reduction in global Starchy vegetables -' ‘
. = =
consumption of red meat and Eggs*:j
sugar; M S—
>100% increase in oy [ The EAT-Lancet

consumption of nuts, fruits, Commission on

Total dairy
vegetables, and legumes Food, Planet, Health
FiSh opulation of 10 billion people a healthy diet within
Sustainable food production Vegetables
for ~10 billion should:
i Fruit Reqi
* use no additional land, o Clobal
« safeguard biodiversity, Legumes o Cast Asta Pacifc

[ Sub-Saharan Africa
] Latin America and Caribbean
3 Middle East and North Africa

* reduce water use,
* reduce nutrient pollution, |
[ Europe and central Asia
produce net-zero C Nuts EAT-Lancet; Willet et al 2019 B North America
emissions, and no further 0 100 200 300 400 500 600 700 800
increase in CH4 and NZO 2016 dietary intake versus reference dietary intake (%)

Whole grains




Agriculture and Food Security Considerations:

Dietary Transformations

-------------- N\
* Livestock sector accounts for ~14% of global
GHG emissions
* Global demand is increasing, but regional i \
nutrition disparities persist ; :
e How viable/feasible are substitutions and :
redistributions within the nutrition space?
Sample Policy Framework for transition (Harwatt 2018): "8
“ ”oe EAT-Lancet; Willet et al 2019
1) “Peak” livestock oo
2) Target worst offending foods ‘—_:—é:_?.h
3) Substitute with "best available” -
Enabled through tax revenue, climate finance (contributions to NDCs), S,

subsidy restructuring



Agriculture and Food Security Considerations:

Dietary Transformations

SORGHUM RICE
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Agriculture and Food Security Considerations:

Governance Transformations

Animal product demand have largely driven recent landuse changes, but much regional
heterogeneity exists. Biofuels landuse is more modest but could challenge food

security if current dietary trends are considered b) 1994-2011
alongside mitigation Area Chango
(% land/yr)
- 5
b) 1994-2011 (Net 8.8 Mha/yr) 1 A LR
Increasing land allocation (23.4 Mha/yr) 5 e ’
t y eqgeta oD = L f/ 8
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Alexander et al., 2015



Agriculture and Food Security Considerations:

Governance Transformations

Food waste and food loss around the world, millions of metric tons?*

Unlike consumer driven waste in the developed world, over 90% of all wastage in developing Asia
and Africa occurs during production, postharvest, processing, and distribution

Minimizing food waste will Europe
80 Mmt loss
allow for improved 62 Mmt w8
environmental health and @
. . . . . Nonh
Cllmate mltlgatlon alongSIde America & ‘ North Africa, . Industrialized Asia
. . . Oceania West & \% 317 Mmt loss
gains in food security. 63 Mmt loss . Central Asia I AT
110 Mmt waste 66 Mmt loss .
13 Mmt waste
Some food waste issues are
Latin { South &
hard to solve than others, Ameria w Southeast Asi
. 17 Mmt waste Sub-Saharan Atrica 28 Mmt waste
particularly under changed 123 Mimt loss
5 Mmt waste
C I m ate CO N d |t | 0 n S Food loss: food intended for human consumption that is wasted during
production, postharvest, processing, and distribution
Mmt = million metric tonnes O Food waste: food that is discarded by consumers
Source: (1) FAO “Global Food Losses and Food Waste,” 2011; Dalberg analysis
Hasegawa et al., 2019
a MFA ¢ FFP + HigherYield d FFP + NoWaste e FFP + NoOvercons f FFP + ALL
Forest GHG Forest GHG Forest GHG Forest GHG Forest GHG
loss emissions loss emissions loss emissions loss emissions loss emissions
oth
fgt‘zzl Nitrogen na:uzl Nitrogen ,g:ﬁ?; Nitrogen ,g:f; Nitrogen ,g::?arl 150 Nitrogen
land use land -1 use and use \and use land —-100 use
loss loss =50 loss loss loss =50
0 0 0 0
50 50 50 50
Water Water Water Water Water

withdrawals withdrawals withdrawals withdrawals withdrawals



Agriculture and Food Security Considerations:

Food System Transformations

Mitigation is required across each one of the s
“planetary boundaries”, but these need to also ﬁ

v @ @ @

. . GHG Cropland use  Water use Nitrogen Phosphorus  Biodiversity
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)
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Willet et al 2019; Springmann et al 2018




Agriculture and Food Security Considerations:

Food System Transformations

Needs for evaluating approaches to achieve Planetary Health

» Sustainable intensification or producing more food (even if “efficient”) is perhaps
necessary, but not sufficient. There is no “silver bullet” solution.

* Better explore potential pathways for combined public health, resilience, and
environmental restoration goals (incentives, taxes, subsidies, support)

e Better understand drivers of food waste and implications for prices and landuse

e Rebalance our approach to animal product consumption; if we’re going to eat more
legumes we’ll need to get better at growing them

* Better represent/consider combined management and climate change effects

* We need to better resolve regional heterogeneities in the above, inclusive of barriers to
achieving food and nutrition security that extend beyond the biophysical domain (access

and utilization)



Agriculture and Food Security Considerations:

Topics and Questions

Modeling for Planetary Health:

Do alternative management and cropping systems deliver gains in nutrition, climate
resilience, and environmental health?

Effect of "Marginal Changes”

Do we maintain very intensive food production
systems, just with reduced animals?

8

What is the role for biofuels/afforestation in
alternative diet scenarios that meet nutrition
and climate goals?

—_ e
o wm

Percentage reduction in land for food
(4]

We are considering modeling high ambition I I I

climate mitigation scenarios. What about high

ambition planetary health scenarios (or Alexander et al, 2019
. Cropland Cropland Pasture Agricultural

combined)? for food for feed land

[=]

. Production efficiency - Shifting diets
- Reducing losses
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