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Multi-bread basket failure... Volcanoes

AN ~
: 5 T T T R Zao: 1227,1230
Kangi Famine, 1229 -1232 ' § e Kangi Famine, 1229-1232
Affected (with Zao): Japan, Korea, China, Russia, NE “> . ° Affected (with Reykjanes): Japan, Korea,
Africa, and northern Great Plains o B e . China, Russia, NE Africa, northem Great Plains
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1785; Chalisa
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Affected: Mexican High-
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Russia & Spain), China,
Korea, Japan
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— Russian Famine, 1601-1603 |
Affected: Russia, Japan,
China, western US

Rinianils las: 1257
Shéga Famine, 1257-1260
Affected: Japan, Korea,
Western Europe, Indonesia

Tambora: 1815
Year Without Summer of 1816 | | Tarawera: 1314
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Single breadbasket failure... US Dust Bow!/

Palmer Drought Severity Index

1934 Had Worst
Drought of Last
Thousand Yrs

Source: Cook et al. (2014)




We're interested in metrics of food security

Food security is defined along four dimensions — and all are challenged

Food security exists when all people, at all times, have physical, social and economic

access to sufficient, safe and nutritious food which meets their dietary needs and food
preferences for an active and healthy life. (FAO definition)

Challenges Solutions

N

Four dimensions of food security Lom::seat
\
Availability Mitigate
climate change
>
Access = Increase
8 agric. inputs
n
L Avoid extreme
Utilization ﬁ::} yield losses
y,
. Promote
Slide from democracy
Schauberger (2019)
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Localized impacts
requiring granular
environmental data

| Droughts
{ and export
restrictions

Nt Supply failures
o and
price increases

Food riots

International
impacts
requiring
systems=levet

Imagkatapdified from Otto (2018) presentation




Start with national food data

Trade and nutrition... Guatemala

" 100% — T — T B Vegetables
€ 90%
(]
100.0 S 80% M Sugar / Sugar
90.0 2 70% crops
80.0 T 60% M Roots/Tubers
=
: 5 50%
70.0 g— 40% © Pulses
60.0 S 30% Oilcrops
50.0 L 20%
m©
40.0 5 10% ¥ Nuts
0%
30.0 . . .
kcal protein iron zinc
20.0
10.0

0.0
100% —
) ) ) -
kcal protein iron zinc 90% . - . Seafood

80% B Fats and Offals

70% ¥ Other Meat
60%

Dair
50% ¥
40% M Eggs
30% B Poultry meat
20% .
) B Pigmeat

10%

B Bovine meat

trade partners 0%
Diversity of commodities from all trade
partners

B mport : Domestic Supply ™% of DS from plants

Next...Shannon index import score
Diversity of trade partners
Diversity of commodities from individual

share of imported nutrients

kcal protein iron zinc

K. Davis & M. Puma for ACToday (a Columbia World Project)




Global env. variables

Drought

Source: SPEI, Spanish National Research Council Source: World Bank and Columbia University

Mean July Fire Weather Index, 1980-2012
March 2019 L-OTI(*C) Anomaly vs 1951-1980 1.11

Temperature

[ ——— — — |
-41-4.0-2.0-1.0-0.5-0.2 0.2 05 10 20 4.0 12.2

Source: NASA GISS

Source: NASA GISS

Fire
7

Link to suite of models

A Heslin & M. Puma for MURI migration




Simulating global prices and transmission to national level

%Z:_EQ_::‘:‘E SN VA Christian Otto and Theresa Falkendal (PIK)
Storylines Crop Models: LPJmL, Production Trade WIth

» APSIM, DSSAT £ Storage (TWIST)
Scenarios

TWIST model

Assess regional and international
food security policies (e.g., food

Producer Consumer . )
- — Observations€SEIves . .
" revious | Simulations Simulations
n o [Harvest {fmesterts with reserve
l ! w/o reserve [
1
1
|Determine supply curve ‘ <= ~77> | Determine demand curve | I e HRW, real — ceilingprice : @ g2 —} 779
¢ -t D n e siIN/OTSV.  —— floorprice ¢ ¢ o
l l e im. i price band rsv.
200 A —
| Find market clearing price | ] : :
c
1 1 - £
5o
>
g
| Determine consumption | S
Flow of goods 100 ~
—>  Flow of information l
. Storage increase 5

Storage decrease Source: SCheWG, OttO, and Frieler (ERL, 2017),

Otto, Schewe, Puma, and Frieler (to be
resubmitted) International trade year July-June



Class of “large” events... inventory-dominated dynamics

Moderated by...

@ ¢
0@ £ (- N...] e@@ge

° ®%¢ (- ® @@
© @o
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°© @ ‘. ‘Qe ?o. @“W Connectivity
©

(wheat network)

Critical
threshold Stress

Connectivity

+
Homogeneity

\ 4

Resistance to change
+

Local repairs
+

Critical transitions

Corr;hmunity structure/
geopolitics Interdependencies

(different commodities) (energy network)

Source: Scheffer et al. (2012) Anticipating Critical Transitions; @




When global markets fail... ©.0. irade resiriction, panic buying, hoarding

shock absorbed

/ Country receives shock at iterationt | Reduce reserve (R) until depleted or

Shock to food B v \-
producton | ([ Ao roserves (R dopietec? )

|
v’

Block outgoing trade flows
(i.e trade flow can only decrease)

.

Reduce domestic consumption (C)
by fraction {_of residual shock
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|
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|

|

)
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)
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]
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|

|
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|

|

1

1
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| 7 \
: Is residual shock as fraction of supply
: less than minimum threshold a?
|
)
)
|
)
]
|
)
)
|
)
L
|
]
1
|
)
|
|
)
|
|
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|

Production shock (-20%) from PAK with reserves at 5% dR /RO

.

.

1

v 0
Reduce exports (E) and
increase imports (/) on all
unblocked links in proportion to
current volume on link

' | |
-100 0 100

¥ I T ——
‘E

from other countries i )
Reduce domestic consumption (C)
L . to absorb any residual shock
Source: S W »  Update nafvi (R), domestic
Marchand et al (" Have all shocks been absorbed consumption (C), net supply (S), trade
(2016) \_Intemally (no change in trade)? matrix (F) at iteration t+1
L 4 THE EARTH INSTITUTE
End simulation COLUMBIA UNIVERSITY




Ensemble of shocks

Ensemble run Example parameters
« 20% shock to
Network production

 50% of reserves
available for use

« Use can be reduced
by up to 1%

Afghanistan
Albania
Algeria

Initialized with historical data
from one of the time
periods.

Production shock (-20%) from PAK with reserves at 5% dR /RO
0.00

-1.00

log10(dE)




Ensemble statistics... # of supply hits

Average number of hits

70

60 |

S50 1

40 r

30t

20 |

10|

1996-2000

2006-2010

/

All countries

Africa only




Modeling global supply chains

Storylines Production
» =
Scenarios

Acclimate: a global agent-based

dynamic supply-chain model

Main features

= Micro-economic foundation

= High sectoral + regional detail
= Daily temporal resolution

= Storages and transport delays

= Dynamically resolves
> Cascading supply-failures
> Price effects
> Abrupt regime changes

Sources: Otto, Willner et al. (J Econ Dyn Control,
2017); Willner, Otto, Levermann (Nat Clim Ch, 2018)

POTSDAM INSTITUTE FOR
— — = CLIMATE IMPACT RESEARCH
P

Acclimate
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5 4 ».
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a ~ I + Supply fMures “ ‘e
L and Yy
v

price increas%{

\
\

N Consumption /

Demand  Production site

| Storages ‘ .
i .

Supply

Transport paths



TraNSIT: Model road, rail and sea transportation networks

by Andrew Higgins (CSIRO)

INPUT: Transport network and related attributes,
vehicle characteristics, production locations and
yields, storage and processing locations and
throughputs, domestic demand and export points/
demand

OUTPUT: freight volumes and people movements
across the transport network by time

CODE: Python, Fortran

RUNTIME: minutes per country

RESOLUTION: transport segment and monthly time
step

I Railway mania

Freight transported by rail, 2014
Tonne-kilometre, trn Africa* 0.02

Asia, Oceania & Middle East South Africa 0.13 —l

kWA Americas 3.25 LUIESEWEL) !
Source: International Europe 0.56
Union of Railways *Excluding South Africa

Railways (selected)
\‘_ Existing/proposed

\ Planned standard-gauge project

INDIAN
OCEAN

500 km




Distribution
Processes

Current
and
Scenario

Externalities

Things
People
Process
Environment
Commerce

TraNSIT.global — Conceptual Design
by Andrew Higgins & Stephen McFallan

IrRNSIT e@hgih® daia NS, ProceSSEeS anel OUNDULS

Current
and
Scenario _

Transport Network
Data

S e ——T
Truck Rules behavio
re
Shipping

f Optimisation
Supply Chain imitilatio
Model ' &ata” o model

Interruptive
processes

Policy 3

Transport costs and :
regulations

processes rocesses

Spatial output

Optimal
transport routes
and kpi's

Food paths Locations

@ TraNSIT

Outputs Db

. Aa\O

\,a\\da

Outputs — what form, input
for who?
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