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GLOBALIZATION OF FOOD — TRADE AND FOOD SECURITY

Context: Globalization of Agriculture
 over the last 40 years trade in agricultural goods has increased six-fold
» around 25% of agricultural production is shipped abroad

What is the impact of trade on food security?
* risk
* de-coupling population growth from availability of local resources

0 to shocks originating elsewhere
» dependence on other countries

— use network-based simulations to investigate prpagation dynamics of
climate-related shocks

— compare impact of different policy responses
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METHODS

 simple diffusion model to simulate impact of local/global shocks to
agricultural production

 three main staples: Corn, Rice, Wheat (more than 50% of global caloric
intake)

» 3 weighted and directed networks of ~ 150 countries connected by trade

* links = total calories embedded in trade flows

* investigate the impact of specific shock scenarios
1. country-specific shock (dust bowl! in the US)
2. global food system shock (systemic failure)
* model simulates the diffusion of shocks across the international trade
network: dissipation versus transmission effect

Objective
understand the mechanics of shock transmission, not forecast precise food
security outcome of specific event
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OUTLINE

1. baseline model setup
2. extensions

3. overview of results

nutritional impact

model validation
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BASELINE MODEL SETUP



MODEL SUMMARY

» each scenario postulates an initial production shock for certain countries
and crops
« the initial shock travels along the trade network works as follows:
1. Price Effect: Production shock — global price increase
2. Import Response: Price hikes reduce demand for imports, based on crop-
and country-specific import elasticities
3. Export Reduction: Countries limit exports to meet domestic needs
4. Reserve Usage: Reserves (50% of available stock) deployed to
compensate lower import supply
5. Consumption Impact: Final absorption through reduced consumption
simulation stops when no country is able to further modify its trade flows to
compensate for shortfall in food availability
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STEP 1: GLOBAL PRICE EFFECT OF A PRODUCTION SHORTFALL

« for every 1% loss in global Kcal from cereal staples (wheat, corn, rice,
soybeans), global prices increase 7% for all commodities hit by the shock

(taken from econ literature and recent work by World Food Program)

 price increase is assumed homogeneous across countries (global
markets) and crops (spillover effect)

e.g. Ukraine-war shock: —4.75% Kcal (wheat + corn) = +14.59% price

Ap =7 x —AKcal x Pwheat +Pcorn+PRice +PSoybeans
Pwheat+Pcorn

* prices are in USD per Kcal
 the denominator includes only commodities hit by the shock
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STEP 2: IMPORT DEMAND RESPONSE

» countries reduce their demand for imported staples according to
country- and crop-specific elasticities

* (estimated) long-run elasticities divided by 20 to account for crisis
conditions (limited ability to diversify away from specific products)

 average short-term elasticity: ~ —0.04 consistent with existing studies
(Roberts and Schlenker, 2009)

* the price increase reduces demand and absorbs part of the shock
« for each country j and commodity ¢ the new import level is:

/ch = ijc(t:O) x [1+ (Ape x E!'C)]

* where ¢ < 0 and Mjy;—o) represent pre-shock imports

note: distributional effects of price increase not incorporated in the model
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STEP 3: EXPORT REDUCTION AS A TRANSMISSION CHANNEL

» domestic absorption is given by the difference between production,
net exports and reserve usage

Cjc = Prodc — Xjc + Mjc+ AR

+ at this step (t = 0), reserve usage is set to zero ARj;;1—g) = 0
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STEP 3: EXPORT REDUCTION AS A TRANSMISSION CHANNEL

» domestic absorption is given by the difference between production,
net exports and reserve usage

Cjc = Prodc — Xjc + Mjc+ AR

at this step (t = 0), reserve usage is set to zero ARj;;1—g) = 0

» when the production shock is not absorbed by a fall in import demand by
trade partners, countries compensate by reducing exports

Xic(t+1) = max{Xje(y) — ddje(r), 0}

* with ddie(r) = Cie(t=0) — [Prodic(ty — Xie(ty + Mie(ty + 2 Rier)]

the reduction in exports is distributed across trade partners based on
their relative GDP (size and purchasing power effect)
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STEP 4: RESERVE USAGE

» countries endowed with a certain amount of (country- and crop-specific)
food reserves R

» each country can use up to 50% of its initial stock of reserves to
compensate for a shortfall in food availability

* ARjc = Rjg(t—0) — AMjc subject to: ARjz < 0.5 x Rjg(1—0)
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STEP 5: SHOCK PROPAGATION AND FINAL ADJUSTMENT

* reductions in export flows create a cascading effect through the network

« the simulation stops when no country can further reduce its exports
or tap into reserves

« any caloric deficit that cannot be propagated is then absorbed by
reducing consumption

« at the end of the simulation we can compute the ultimate impact on
caloric intake, food and nutrition security
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EXTENSIONS



EXTENSIONS

1. Non-cooperative behavior
* reserves only used at the end of the simulation to compensate for
existing deficits
« countries cut exports before using reserves
* reserves not used to keep export going, but only to protect domestic
consumption

2. Export restrictions [Food system shock only]
» top 10 exporters not directly hit by the shock cap exports to 75% of
pre-shock levels
« mimic “short-term panic”: export restrictions remain widespread tool

3. New link formation
« countries not directly hit by the production shock use 10% of their
reserves to activate new links
 probability of new link established by means of a gravity model

« number of new links ranges between 77 (3%) to 187 (8%) 10/28
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DATA

use bilateral trade data from FAO for 2016—2018 to build benchmark
network (pre-shock reference point)

 convert quantity traded into Kcal using FAO conversion tables

elasticities taken from Ghodsi et al. (2016)
« food reserves from US Dept. of Agriculture
« food prices, population and GDP taken from the World Bank
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SHOCK SCENARIO #1: US DusT BowL

A shock hitting a single large exporter

* replica of Dust Bowl era (1930—1936): among driest and hottest US
growing seasons in 20th century

« despite advancements in farming practices, a 1936-style drought would
still result in losses of about -40% for corn, -30% for wheat and -20% of
rice in the US (Glotter and Elliot, 2016)

» US is a major wheat exporter (especially to developing countries) and
accounts for about 35% of global corn exports

« likelihood of such events (historically ~ 1 : 100 years) could be reduced
to 1 : 40 years due to climate change
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SHOCK SCENARIO #2: GLOBAL FOOD SYSTEM SHOCK

A severe global agricultural crisis scenario (developed by Lloyd’s in 2015)

« the shock is triggered by a strong warm-phase El Nifio Southern
Oscillation (ENSO), which leads to extreme weather events (severe
flooding and major droughts) and widespread plant pathogen outbreaks
(in South America and Eurasia) across key food-producing regions

 the combined effects result in significant global crop production
decline across several countries:

-10% Corn
-7% Wheat
-7% Rice

* the probability of such an event is estimated to be higher than 1 in 200

year (a common benchmark to define extreme events)
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SHOCK SCENARIO - FOOD SYSTEM SHOCK

. Potential impacts of weather
Corn: events on food security

- Us-27%
-
Wheat:
. US _70/0 (ENSO)
+ India —16%

«+ Pakistan —15%

« Australia —-50%

* Turkey —15%

» Kazakhstan —15%

» Ukraine —=15%

* Russia -10%
Rice: TEmPERATURES

+ India -18%

« Bangladesh —6%

* Indonesia 6%

* Vietnam —20%

* Thailand — 10%

Philippines —10%

. Torrential Rainfal

LLOYD'S (2015)
Emerging Risk Report

Farms Suffer
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IMPACT ON IN-DEGREE & IN-STRENGTH DISTRIBUTION

Corn — Dust Bowl! shock

In-Degree Distribution - Corn In-Strength Distribution - Corn
Comparison of before vs. after Dust-Bowl shock Comparison of before vs. after Dust-Bowl shock
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» shock has large impact on in-degree distribution (left panel) — 32% links dropped
 impact on in-strength distribution (right panel) weaker — mainly weak links to be
dropped
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IMPACT ON IN-DEGREE & IN-STRENGTH DISTRIBUTION

Rice — Food System shock

In-Strength Distribution - Rice

In-Degree Distribution - Rice
Comparison of before vs. after Food System shock Comparison of before vs. after Food System shock
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« stronger impact on global connectivity — 55% links dropped

» network becomes more hierarchical and centralized
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SIMULATION RESULTS - DUST BowL SHOCK

ficit per capita/day

250 500 750

17/28



MoST SEVERELY HIT COUNTRIES - DUST BowL SHOCK

Largest decrease in food availability per capita/day
US Dust Bowl Shock | Baseline setup
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» 13 countries experience a decrease in food availability > 250 kcal/per capita/day
+ Central America most severely hit
+ additional 40 million people become undernourished 18/28



SIMULATION RESULTS - FOOD SYSTEM SHOCK

ficit per capita/day

500 1000
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MoST SEVERELY HIT COUNTRIES - FOOD SYSTEM SHOCK

Largest decrease in food availability per capita/day
Food System Shock | Baseline setup

KWT - |

DJI |

TTO I S —

LBR I

MUS ]

CYP | I—

LBN |

NIC :

NZL [ .

MRT

PNG I

YEM |

HND

SAU

COG I
r T T T
0 500 1,000 1,500

- Corn Rice [ Wheat

+ 36 countries experience a decrease in food availability > 250 kcal/per capita/day
« starker North/South divide (partly driven by assumptions on reserves and GDP)
+ additional 160 million people become undernourished 20/28



RESERVE USAGE

Corn Rice Wheat
Dust Bowl shock:
global reserve usage -22.40% -1.00% -6.80%
countries with depleted reserves 33 (out of 117) 7 (out of 70) 25 (out of 127)
Food System shock:
global reserve usage -22.30% -24.20% -16.40%

countries with depleted reserves 33 (outof 117) 13 (out of 70) 44 (out of 127)
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CALORIC DEFICITS AND COUNTRY CHARACTERISTICS

« Larger number of export links associated with larger caloric deficit (Dust
Bowl)

* Number import partners or size of imports not significantly linked to
deficit

 Large exports provide buffer capacity

 Size of reserves does not significantly affect deficits

» Countries directly hit by the shock and their trade partners, suffer
heavier losses

» Countries that are heavily dependent on a single foreign supplier
particularly vulnerable
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OLS REGRESSION

Dust Bowl Food System shock

(1) ) @) (4)
N. export partners 0.510** 0.545** -0.157 -0.045
N. import partners -0.032 -0.028 1.050 1.151
Per capita reserves -0.045 -0.034 -0.234 -0.199
Total exports -0.018* -0.023** -0.024 -0.041
Total imports 0.037*** -0.09 0.139*** -0.259
Import concentration (C1) 24.783 -4.611 116.631*  21.911
Total imports x C1 0.083** 0.260**
GDP (log) -20.084***  -19.723*** -18.055* -18.829*
Direct production shock 42.987* 43.725*
Imports from shock countries (> 25%)  123.758"*  120.534*** 58.414***  49.007***
Observations 146 146 146 146
Adj. R2 0.605 0.612 0.343 0.395
F-stat 11.669 9.925 11.961 14.093

Hokk

Significance levels: p<0.01, ** p<0.05, * p<0.1. Constant term not shown. Out- and
in-degree, reserves, exports, imports and import concentration are computed for each
crop (corn, rice, wheat) and then summed.
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DusT BOwL SHOCK | SETUP
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FOOD SYSTEM SHOCK | SETUP
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SETUP COMPARISON

Dust Bowl shock:

mean median  deficit top 10 additional
setup deficit deficit > 250  share HHI  better worse undernour.
Baseline 59.1 3.7 13 59.7 0.047 - - 40.9
Non-coop 66.4 7.6 13 53.5 0.039 0 59 44.0
New links 55.3 1.8 12 62.5 0.050 34 0 40.1

Food System shock:

mean median  deficit  top10 additional
setup deficit deficit > 250  share HHI  better worse undernour.
Baseline 141.3 60.4 35 29.1  0.019 - - 163.8
Non-coop 153.9 94 39 27.8 0.017 0 101 171.3
Restrictions  176.6 115.8 44 26.9 0.016 0 120 185.2
New links 135.7 53.7 33 30.1 0.019 35 2 162.5

* non-cooperative behavior significantly affects impact of shocks
+ export restrictions by a small number of big players exacerbate impact of shock

* new links reduce negative effects but do not change global picture
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CONCLUSIONS

* the study looks at the transmission of shocks to agricultural production
along the international trade network

» aim: shed light on the mechanisms through which shocks diffuse and
quantify their impact

 even localized disruptions can reverberate far from epicenter
« import diversification builds a safety net
* non-cooperative policy response exacerbates the impact of shocks

Caveats
 short-run effects: structure of trade and production is given
« focus on trade: prices not allowed to spiral up
» comparative statics: countries’ response defined ex ante and not contingent
to market conditions
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DESCRIPTIVE STATISTICS

» we have 3 networks composed by 147/148 countries (nodes) and a
number of bilateral links ranging from 1,765 (wheat) to 2,440 (rice)

* density (share of active over potential links) ranges from 8 to 11%

» around 1/3 of links are reciprocal

» diameter (shortest path length between most distant nodes) 6 or 7

* networks are (weakly) disassortative

* imports less concentrated than exports (more importers than exporters)

Corn Rice Wheat Corn Rice Wheat

nodes 147 148 147 in-centralization 0.23 0.21 0.19
edges 2129 2440 1765 out-centralization 0.72 0.81 0.64
density 9.9% 11.2% 8.2% diameter 7 6 6
reciprocity 39.2% 325% 34.4% assortativity -0.17 -0.23 -0.22
median in-deg 13 14 11 median in-str 44535 25549  1523.21
median out-deg 6 5.5 median out-str* 9.36 1.82 1.67
* million Kcal
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PRICE EFFECTS

Global Kcal Price Tot price
shock shortfall increase effect
Lloyd’s -6.77%  47.41%  69.21%
Dust Bowl -5.64%  39.48%  57.63%

Zc Pc

Total price effect computed as: AP =7 - —AKcal - DR where p; is
the price of the different staple commodities (corn, rice, wheat and soybean)
and p¢ shock 1S the price of the commodities affected by the shock:

» LLoyd’s: corn, rice, wheat
» Ukraine: corn and wheat
» Dust Bowl: corn, rice and wheat
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DESCRIPTIVE NETWORK STATISTICS

a) pre-shock benchmark

Corn Rice  Wheat Corn Rice  Wheat
nodes 147 148 147 in-centralization 0.230 0.214 0.185
edges 2129 2440 1765 out-centralization 0.716 0.806 0.644
density 9.9% 11.2% 8.2% diameter 7 6 6
reciprocity  39.2% 32.5% 34.4% assortativity -0.165 -0.231 -0.217
b) Dust Bowl shock

Corn Rice  Wheat Corn Rice  Wheat
nodes 147 148 144 in-centralization 0.124 0.135 0.172
edges 1450 1659 1506 out-centralization 0.727  0.842 0.668
density 6.8% 7.6% 7.3% diameter 6 5 6
reciprocity 25.4% 152% 28.3% assortativity -0.175 -0.233  -0.231
c)Food System shock

Corn Rice  Wheat Corn Rice  Wheat
nodes 147 148 140 in-centralization 0.124 0.105 0.159
edges 1449 1109 1112 out-centralization 0.716  0.806 0.644
density 6.8% 51% 5.7% diameter 6 5 6

reciprocity 25.3% 12.8% 24.3% assortativity -0.176  -0.246 -0.219



FOOD SYSTEM SHOCK | SETUP
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NEW LINK FORMATION

* use a probit model to estimate the likelihood of a trade link (corn, rice,
wheat) among all country pairs, based on standard “gravity” variables:

LinkCropy =po + B1 log(Distancey) + B2 FTA; + Bz EUj + SaComLangEtno;+
s log(Pop;) + s log(Pop;) + 57 log(GDP;) + S log( GDP;)+
Bo log(CropProd;) + B10 CropProdShare; + 311 UNvote; + ¢

 the model correctly classifies 90% of existing links

* anew link is activated if i) the estimated probability is above 0.5; ii)
cereals import dependency of country i < 0.4; iii) country i is not directly
hit by the production shock

* new export links are ranked according to their probability, and country i
uses up to 10% of its reserve stocks

* between 51 (Dust Bowl - wheat) and 182 (corn) new links are created
* new links created before the shocks — comparative statics
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SETUP COMPARISON: NEWLINKS - BASELINE

Comparison of the setup with new links with respect to the baseline: number
of countries with a caloric deficit smaller, equal or larger than in the baseline
setup

total caloric deficit

shock new links < baseline equal new links > baseline
Dust Bowl 10 83 53
Food System 17 52 77

* the size of the difference is very small: median value = 0, values range
between -17 and +29 Kcal/per capita/day (-16 to +14 in the Food System
shock scenario)
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MULTI-LAYER NETWORK

Aim: allow for shocks to one commodity to affect other products

 countries first use reserves of the crop that is affected by the decrease in
production/imports (e.g. corn to compensate for a reduction in corn
availability)

» when these reserves are depleted, countries can tap into food stocks of
other commaodities (if available), according to a specific degree of
substitutability between crops in that country

* substitutability computed using actual data on food shares (from FAO
Food Balance Sheets): substitution more likely when dietary diversity
already high [ cotais |

* this mechanism creates a link across commodities: shock to one crop
can impact other products (via absorption of reserves), although there is
no direct shock transmission across commodities

» modeling issue: how do we deal with simultaneous shocks to different
commodities? how are concurrent claims on reserves handled?
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DEGREE OF SUBSTITUTABILITY ACROSS PRODUCTS

The degree of substitutability (DS) is computed as follows:

« for each country j and commodity pair (e.g., corn-wheat) compute the absolute
differences (¢;) between their shares (s;) in the national food consumption (in
kcal, per crop, per capita)

° DS/ corn—wheat) =(1- 5 (corn—wheat) (1 — max(éj)) (%/jwheat)

* DSj,(comfrice) = (1 - 5j,(com7rice))(1 - max((;j)) <sc%zsrice)

° DS],(r/ce—wheat) = (1 - 5j,(rice—wheat))(1 - maX((Sj)) (W)
» DS ranges between 0 (low) and 1 (high);

e.g. corn 80%, rice 15%, wheat 5%
DS; (com—ricey = (1 — 0.65) - (1 — 0.75) - 0.95/(2/3) = 0.125
DS; (corn—wheaty = (1 — 0.75) - (1 — 0.75) - 0.95/(2/3) = 0.080
DS‘,(,,ce_Whea,) (1-0.10)- (1 —0.75)-0.95/(2/3) = 0.068

the average DS across countries (in 2016—18) for corn-wheat is 0.21, for corn-rice
is 0.20, and for rice-wheat is 0.26 back
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IMPACT ON IN-DEGREE & IN-STRENGTH DISTRIBUTION

Rice - Dust Bowl shock

In-Degree Distribution - Rice In-Strength Distribution - Rice
Comparison of before vs. after Dust-Bowl shock Comparison of before vs. after Dust-Bowl shock
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* 32% links dropped
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IMPACT ON IN-DEGREE & IN-STRENGTH DISTRIBUTION

Wheat - Dust Bowl shock

In-Degree Distribution - Wheat
Comparison of before vs. after Dust-Bowl shock
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» more limited impact: 14% links dropped
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IMPACT ON IN-DEGREE & IN-STRENGTH DISTRIBUTION

Corn - Food System shock

In-Degree Distribution - Corn
Comparison of before vs. after Food System shock
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IMPACT ON IN-DEGREE & IN-STRENGTH DISTRIBUTION

Wheat - Food System shock

In-Degree Distribution - Wheat In-Strength Distribution - Wheat
Comparison of before vs. after Food System shock Comparison of before vs. after Food System shock
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* 37% links dropped
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IMPACT ON OUT-DEGREE & OUT-STRENGTH DISTRIBUTION

Corn - Dust Bowl shock

Out-Degree Distribution - Corn
Comparison of before vs. after Dust-Bowl shock Out-Strength Distribution - Corn
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-DEGREE & OUT-STRENGTH DISTRIBUTION

IMPACT ON O

Rice - Dust Bowl shock

Out-Strength Distribution - Rice
Comparison of before vs. after Dust-Bowl shock
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-DEGREE & OUT-STRENGTH DISTRIBUTION

IMPACT ON O

Wheat - Dust Bowl shock

Out-Strength Distribution - Wheat
Comparison of before vs. after Dust-Bowl shock

Out-Degree Distribution - Wheat
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IMPACT ON OUT-DEGREE & OUT-STRENGTH DISTRIBUTION

Corn - Food System shock

Out-Degree Distribution - Corn
Comparison of before vs. after Food System shock Out-Strength Distribution - Corn
Comparison of before vs. after Food System shock
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-DEGREE & OUT-STRENGTH DISTRIBUTION

IMPACT ON O

Rice - Food System shock

Out-Degree Distribution - Rice
Out-Strength Distribution - Rice
Comparison of before vs. after Food System shock
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IMPACT ON OUT-DEGREE & OUT-STRENGTH DISTRIBUTION

Wheat - Food System shock

Out-Strength Distribution - Wheat
Comparison of before vs. after Food System shock

Out-Degree Distribution - Wheat
Comparison of before vs. after Food System shock
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NUTRITIONAL IMPACT




NUTRITIONAL DEFICITS

» compute nutritional impact of food shocks by applying nutritional content
of corn, rice and wheat to simulation results (caloric deficits)

« information on daily per capita nutrient availability (from FAO Supply and
Use Tables - SUT) used to compute % decline

» focus on 2 macronutrients (carbohydrates, proteins) and 7 micronutrients
(iron, zinc, magnesium, phosphorus and potassium, thiamine and
riboflavin) commonly found in cereals

Impact
« nutritional impact is highly uneven and concentrated

« a small subset of countries repeatedly enters the top 15 list in many
nutrients

« five countries in top 15 for both scenarios (HND, NIC, TTO, VEN, YEM)

» food system shock generates strongly asymmetric nutritional impacts,
with a limited group of countries facing broad and persistent multi-nutrient

risks '
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CONCENTRATION OF NUTRITIONAL IMPACT

Number of nutrients in which countries are among most affected countries:

Dust Bowl Food System shock
iso3 # nutrients macro  micro iso3 # nutrients macro  micro
CcoL 9 2 7 CYP 9 2 7
CRI 9 2 7 DJI 9 2 7
GTM 9 2 7 HND 9 2 7
HND 9 2 7 KWT 9 2 7
HTI 9 2 7 LBN 9 2 7
JAM 9 2 7 LBR 9 2 7
MEX 9 2 7 NIC 9 2 7
NIC 9 2 7 NzZL 9 2 7
PAN 9 2 7 TTO 9 2 7
SLV 9 2 7 YEM 9 2 7
TTO 9 2 7 MRT 8 1 7
TWN 9 2 7 COG 8 2 6
VEN 9 2 7 MUS 8 2 6
YEM 7 1 6 PNG 7 2 5
DOM 6 1 5 JAM 4 1 3
LBR 4 1 3 MNG 3 1 2
KOR 1 1 0 GTM 2 0 2

VEN 2 0 2
CRI 1 0 1
MYS 1 0 1
ARE 1 1 0 28/28




MICRONUTRIENT VULNERABILITY

Decline in micronutrient availability — top 10 countries
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» Dust Bowl has a more regional impact

» Food System shock generates simultaneous reductions in several micronutrients
for some countries

+ impact across Kcal, macro- and micronutrients not the same (hidden hunger risk)
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OPEN ISSUE: MODEL VALIDATION




MODEL VALIDATION

Aim: Validate model accuracy by comparing simulation results with actual
post-shock trade patterns
Case Study: Ukraine Production Shock (2021 — 2022)
Pre-Shock Trade Position (2021) as BAU scenario

commodity  production exports export share
Wheat 32.2M tons  18.8M tons 58%
Corn 42.1Mtons 24.5M tons 58%

» Wheat: 36% decline (-11.5M tons from 32.2M tons)
+ Corn: 38% decline (-15.9M tons from 42.1M tons)
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COMPARISON: SIMULATION VS. ACTUAL DATA

for how many countries/trade flows does the model correctly predicts a
reduction?

« the ability of the model to replicate actual evolution of trade can be tested
at the level of each trade flow, or aggregating by country
» set a minimum threshold to filter small prediction errors (10% or 25%)
share of correct predictions
Corn Wheat

threshold Countries  Trade Flows Countries  Trade Flows

None 0.59 0.31 0.44 0.36
-10% 0.57 0.39 0.59 0.52
-25% 0.62 0.40 0.71 0.54

28/28



COMPARISON: SIMULATION VS. ACTUAL DATA

for how many countries/trade flows does the model correctly predicts a
reduction?

« the ability of the model to replicate actual evolution of trade can be tested
at the level of each trade flow, or aggregating by country
» set a minimum threshold to filter small prediction errors (10% or 25%)
share of correct predictions
Corn Wheat

threshold Countries  Trade Flows Countries  Trade Flows

None 0.59 0.31 0.44 0.36
-10% 0.57 0.39 0.59 0.52
-25% 0.62 0.40 0.71 0.54

* aggregating at country levels substantially improves performance
« lack of a proper benchmark: what is “good” performance?

28/28



	Baseline Model Setup
	Extensions
	Implementation
	Simulation Results
	Supplementary Material
	Nutritional Impact
	Open Issue: Model Validation

