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Food systems
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Food System
Crop, animal, Processing, Demand,
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Food system is broken

Acattle rancher in Brazil, whe llide with the need to red:

F1X the broken food
system in three steps

Map, model and manage agriculture, biodiversity, trade and nutrition — and build a
global network, urge Guido Schmidt-Traub, Michael Obersteiner and Aline Mosnier.

Schmidt-Traub et al. 2019 (Nature)
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Status and trend: food security
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Status and trend: food security
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Status and trend: food security
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Environmental implications

Table 1| Comparison of 2007-2016 mean values and standard deviations of emissions
from AFOLU® and global food system® emissions by component, including food loss and
waste

AFOLU Food system
Components Emissions Percentage of Emissions Percentage of
(GtCO,e yr)? anthropogenic (GtCO,eyr")*  anthropogenic GHG
GHG emissions emissions (%)°
(%)°
Agriculture 6.2 +1.45° 9-14 6.2 + 1457 9-14
FOLU® 5.8 +2.6° 6-16 49 +25% 5-14
Pre- to post- - - 2.6-5.2'¢ 5-10¢
production
Total 120 +£29 17-29 10.8-191 21-37

v
*Mean and 95% confidence interval, using GWPAVaIues of the IPCC AR5 with no climate feedback (GWP-CH, = 28; GWP-N,O = 265).
"Computed using a total emissions value for the period 2007-2016 of 52 GtCO,e per year®. ‘Food-related FOLU for food system columns.
9Rounded to nearest fifth percentile due to assesse? uncertainty in estimates.
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Rosenzweig et al. 2020 (Nature Food)
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Climate change mitigation potentials

Table 2 | Food system supply-side and demand-side technical and economic mitigation
potentials®

Mitigation potential Supply side (GtCO,e Demand side (GtCO,e yr™)
yr)

Technical 2.3-96 0.7-8.0

Economic 1.5-4.0* 1.8-3.4°

3By 2030 at prices ranging from 20-100 USD per tCO,e. By 2050 at prices ranging from 20-100 USD per tCOe.
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Rosenzweig et al. 2020 (Nature Food)
Prajal Pradhan  Climate Resilience: Climate Impacts & Adaptation 7

~'l
I



Mitigation synergies and co-benefits
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Food system responses
Increased soil organic matter content
Change in crop variety

Improved water management

Adjustment of planting dates

Precision fertilizer management

Integrated pest management

Counter season crop production

Biochar application

Agro-forestry

Changing monoculture to crop diversification
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land rehabili farming

Tillage and crop establishment

Residue management
Crop-livestock systems
Silvopastoral system
New livestock breed

i, Livestock fattening
gg ‘Shifting to small ruminants or drought resistant livestock o fish farming
35 Feed and fodder banks
H Methane intibitors
£ Thermal stress control

Seasonal feed supplementation
Improved animal health and parasites control
Early warning systems

Planni iction at seasonal
Crop and livestock insurance
Food storage infrastructures
Shortening supply chains
Improved food transport and distribution
Improved efficiency and sustainability of food processing, retail and agri-food industries
Improved energy efficiencies of agriculture
Reduce food loss
Urban and peri-urban agriculture
Bioeconomy (e energy from waste)

Improved supply chain

Mitigation

0 Dietary changes
28 Reduce food waste
SE New ways of selling (e.g. direct sales)

Transparency of food chains and external costs

Co-benefits
Livelihoods, Biodiversity
Livelihoods, Biodiversity
Livelihoods, Water
Livelihoods

Livelinoods, Pollution
Livelihoods, Biodiversity
Livelihoods, Biodiversity
Livelihoods

Livelihoods, Biodiversity

Livelihoods, Biodiversity
Livelihoods, Biodiversity
Biodiversity
Livelihoods, Biodiversity
Livelihoods, Biodiversity
Livelihoods
Livelihoods
Livelihoods
Livelihoods, Biodiversity

Livelihoods, Energy
Livelihoods, Biodiversity
Livelihoods.
Livelihoods.
Livelihoods

Livelihoods
Livelihoods, Energy

Livelihoods, Biodiversity
Livelihoods, Energy
Health

Water, Energy
Pollution

Livelihoods, Energy
Health, Energy, Water
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Mitigation synergies and co-benefits
‘

Reduce food waste -

-

Dietary changes Health
2 Water, Energy
E Packaging reductions Pollution

New ways of selling (e.g. direct sales) Livelihoods, Energy

management

Transparency of food chains and external costs Health, Energy, Water

Mitigationand sy None Limited @000 High @ Very high

adaptation potential
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Rosenzweig et al. 2020 (Nature Food)
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Demand-side mitigation: dietary changes

Demand-side mitigation
GHG mitigation potential of different diets

Vegan
No animal source food

Vegetarian
Meat/seafood once a month

Flexitarian
Limited meat and dairy

Healthy diet
Limited sugar, meat and dairy

Fair and frugal |
Limited animal source food but rich in calories !

Pescetarian
Diet consisting of seafood

Climate carnivore
Limited ruminant meat and dairy

Mediterranean
Moderate meat but rich in vegetables

0 1 2 3 4 5 6 7 8
Demand-side GHG mitigtion potential (GtCO,-eq yr)
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IPCC 2019 (SRCCL, Chapter 5)
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Diet matters

Energy, emissions, water, land use, etc.

Agricultural GHG emission (kg CO2¢q /cap/day)
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Transitions

Food Consumption (Kcal/per/day)
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(Pradhan et al. 2013, PLoS ONE)
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Diet matters
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Different food groups (kcal/cap/day)
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Typical Dietary Pattern

[]others
. Alcoholic

Beverages
Sugarcrops

B Sweeteners
[]Fruits

B Vegetables
D Vegetable
Qils
[]Oilcrops
D Starchy
Roots
Brulses

[ |Cereals

Animal
Products

(Pradhan et
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Dietary shifts 1961-2007

Spatial distribution of dietary patterns for year 2007
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Low calorie diets Moderate calorie diets High calorie diets Very High calorie diets
#1000 Cereal based #4| | Cereal based #9| | Oilcrop diet #12 g"a"s‘gg cereal

w2l Pulses &S, #5[ | Plusi diet #10[11] Cereal based#13[ | Crop based
w3l Sarshy rootsys [ finimal & sugar 44| Oily diet 14 Animal based
No Data #7- Oily diet #15- Sweety deit
#3- Mixed fruity diet #16- Oily diet
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(Pradhan et al. 2013a, PLoS ONE)
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Reducing food waste
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(Hig et al. 2016, ES & T)
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Food loss and waste

® 30%—-40% of food is lost and wasted in both developing and
developed countries (Godfray et al. 2010)

® food is lost and wasted across various stages of the food
supply chain (FAO 2011)
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30%—-40% of food is lost and wasted in both developing and
developed countries (Godfray et al. 2010)

food is lost and wasted across various stages of the food
supply chain (FAO 2011)

food loss — food decreased during production, post-harvest,
and processing

food waste — food discarded at consumer level

Prajal Pradhan  Climate Resilience: Climate Impacts & Adaptation
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Food energy requirements
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1800 2000 2100 2200 2300 2400 2500 2600 2700 2800

Country scale food energy requirements for 2010 considering moderate PAL in kcal/cap/d

e country with heavy body weights required larger food energy
(e.g. United States, Australia, etc.)

® counties with larger share of adult population compare to
younger population require larger food energy (e.g. China)

£

D
D

y
|

(Hig et al. 2016, ES & T)
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® Globe: between 2300 {a) Globe {b) China
and 2400 kcal /cap/d §2600
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Global food availability increased from 2200 kcal/cap/d in 1961 to
2870 kcal/cap/day in 2011

1200 Ja) Globe 1b) China
= 800 ]
8 400
g
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(Hig et al. 2016, ES & T)
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Share of food waste/deficit

<-40 -20 -10 0 10 20 30 40 50 > 60

Share of food waste/deficit (+/-) on country scale compare to food requirement for 2010 in percentage

® food waste is larger in developed and transition countries

® most of Sub-Saharan African countries has food deficit
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(Hic et al. 2016, ES & T)
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Human development index and food waste (2010)
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Urbanization
By 2050, 68% of the global population will be living in urban
areas. Therefore, urban food systems play important role in

climate change mitigation.

80% 90% 100%

No data 0% 10% 20% 30% 40% 50% GOI% 70%
e i L e —
https://ourworldindata.org/

Climate Resilience: Climate Impacts & Adaptation
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Urban and Peri-urban agriculture

Pop. | Share
2010 1.09 | 30.6
2010 CYG | 1.26 | 35.3
2050 CC 1.40 | 22.1

Pop.: population in billion
Share: Share of the urban
population (%)

CYG: closing crop yield gaps
CC: Climate change RCP 8.5
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Kriewald et al. 2109 (Environ Res Lett)
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Urban and Peri-urban

® |arge amount of urban
hinterland are already used
in some regions (e.g.
Southern and South-East
Asia )

agriculture

2010

® further extension is not an 2°5°fcp-8i g
option to ensure future food AIRS, P
security ‘ o

® only remaining options are p ik
improving productivity and sl
closing yield gaps l

A N o ’

==== ?E Kriewald et al. 2109 (Environ Res Lett) N
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Urban and Peri—Hrban agriculture 2050

® for 16 out of
19 regions
urban growth
will have the
largest impact

most important
diet change
© climate change

® urbangrowth

Population
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. © 56406
© 1e«07
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# Climate change RCP 8.5 2050 Central America ‘Western
Diet change 2050 Admet
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Kriewald et al. 2109 (Environ Res Lett)
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Regionalized vs Globalized food systems

Net food distance (mllllon kcal km per year) Populatlon (M)
[ J

T T
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Pradhan et al. (Under Review)
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Regionalized vs Globalized food systems

Net food distance (million kcal km per year) Population (M)
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Pradhan et al. (Under Review)
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’ Food systems H Baseline ‘ FW ‘ CYG ‘ FW & CYG ‘ FG ‘

Regionalized 0.150 | 0.103 | 0.089 0.061 0.287
Globalized 1.872 | 1.748 | 1.869 1.745 1.738

FW: food waste reduction by 50%

CYP: closing crop yield gaps by 50%

FW-CYP: combination of FW and CYP

FG: eight food groups

Global food transport emissions in 2010 is 0.7 GT COgeq/yr

Regionalization of urban food systems by consuming local and
regional food can halve the emissions due to food transport

Pradhan et al. (Under Review)
1K Prajal Pradhan  Climate Resilience: Climate Impacts & Adaptation



Food transport emissions (food groups)

= = N
o 3 o

Total emissions (GT CO ,/yr)
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pulses
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" cereals
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‘ ‘ Demand ‘ Supply H Reg. ‘ Glob. ‘ Glob./Reg. ‘
Scenario | POP RCP2.6 +CO2 || 0.250 | 2.203 8.8
Scenario Il | POP, DP RCP2.6 +CO2 || 0.919 | 2.999 33
Scenario Il | POP, DP, FE RCP2.6 +CO2 | 0.585 | 2.771 4.7
Scenario IV | POP, DP, FE, FW | RCP2.6 +CO2 || 0.441 | 2.413 55
Scenario V | POP, DP RCP2.6 0.760* | 2.999 3.9
Scenario VI | POP, DP RCP8.5 0.636* | 3.002 47

Glob.:Globalized
Reg.: Regionalized

DP: Dietary changes

POP: Demographic growth SSP2
FW: Food waste reduction by 75%
FE: Improved feed conversion efficiency

*May require agricultural expansion to feed the urban population.

o_0 o
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® currently food systems are broken

® response options are available throughout the food systems,
from production to consumption, to fix the broken food
systems

® demand-side response options include — dietary changes,
reducing food waste, urban & peri-urban agriculture, and
shortening food supply chain
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