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The global wheat trade network

n In 2019, wheat and wheat products accounted for at least 
one-tenth of the food basket of about 5.9 billion people in 
some 120 countries

n More than half of the world’s production (wheat and wheat 
products) is provided by just 5 countries. 

n There are shocks (abrupt partial or complete reduction of 
exports) in this system: Extreme weather conditions and 
wars

n These shocks can potentially affect a very large number of 
individuals: modeling the propagation of shocks is crucial 
for food security

n A difficulty: Many constituents interact over various time and 
spatial scales (countries, companies, institutions, etc). 
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The global wheat trade network: 
Russia and Ukraine

n Russia and Ukraine together represent the world largest 
wheat export capacity
q Russia: 10.3% (20%)  of the world wheat production (trade)
q Ukraine: 3.4% (10%) 

n Disruptions of their export flows might have major
humanitarian consequences

Can we model the shock propagation and its impact ?
Parsimonious and robust model ?
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The global food trade network: 
a complex system

n Data: FAO database (2022)
n 170 countries, ~6000 edges, ~7.6 billion individuals
n Nodes: countries, directed, weighted edges

Country i Country j

Eij = Iji
<latexit sha1_base64="RpyeDJk3DuQjSTzn+OfDaQGyZLs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYC9CQQS9VbAf0Iaw2W7bbTebuLsplJDf4cWDIl79Md78N27bHLT1wcDjvRlm5vkRZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VxpLQBgl5KNs+VpQzQRuaaU7bkaQ48Dlt+eObmd+aUKlYKB71NKJugAeC9RnB2kjurZewUXp97yUjlnrFkl2250CrxMlICTLUveJXtxeSOKBCE46V6jh2pN0ES80Ip2mhGysaYTLGA9oxVOCAKjeZH52iM6P0UD+UpoRGc/X3RIIDpaaBbzoDrIdq2ZuJ/3mdWPerbsJEFGsqyGJRP+ZIh2iWAOoxSYnmU0MwkczcisgQS0y0yalgQnCWX14lzUrZuShXHi5LtWoWRx5O4BTOwYErqMEd1KEBBJ7gGV7hzZpYL9a79bFozVnZzDH8gfX5A8rskhU=</latexit>

Eji = Iij
<latexit sha1_base64="KTNsBdsjNaIX1fpY0c1gQAgH38k=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYC9CQQS9VbAf0Iaw2W7bbTebuLsplJDf4cWDIl79Md78N27bHLT1wcDjvRlm5vkRZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VxpLQBgl5KNs+VpQzQRuaaU7bkaQ48Dlt+eObmd+aUKlYKB71NKJugAeC9RnB2kjurZeMWHp97yVslHrFkl2250CrxMlICTLUveJXtxeSOKBCE46V6jh2pN0ES80Ip2mhGysaYTLGA9oxVOCAKjeZH52iM6P0UD+UpoRGc/X3RIIDpaaBbzoDrIdq2ZuJ/3mdWPerbsJEFGsqyGJRP+ZIh2iWAOoxSYnmU0MwkczcisgQS0y0yalgQnCWX14lzUrZuShXHi5LtWoWRx5O4BTOwYErqMEd1KEBBJ7gGV7hzZpYL9a79bFozVnZzDH8gfX5A8rskhU=</latexit>

ImportExport
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The global wheat trade network

Components stable over time (2010-2019)
- Strongly connected component: ~130 countries, 

diameter=5, average distance=1.95 
- Out-component (pure importers)  ~40 countries

In component Out componentSCC

Tubes
hkini = hkouti ⇡ 33

<latexit sha1_base64="MO7yOwfp14kBdrBrXNgDoE4/8iI=">AAACIHicbVBLSwMxGMz6rPW16tFLsAieym4rtBeh4MVjBfuAblmyabYNzSZLkhXL0p/ixb/ixYMietNfY7pdobYOBCYz30cyE8SMKu04X9ba+sbm1nZhp7i7t39waB8dt5VIJCYtLJiQ3QApwignLU01I91YEhQFjHSC8fXM79wTqajgd3oSk36EhpyGFCNtJN+ueQzxISNw7KeUTz2Z3a4WVJHoXxl6KI6leIDVqm+XnLKTAa4SNyclkKPp25/eQOAkIlxjhpTquU6s+ymSmmJGpkUvUSRGeIyGpGcoRxFR/TQLOIXnRhnAUEhzuIaZuriRokipSRSYyQjpkVr2ZuJ/Xi/RYb1vgseJJhzPHwoTBrWAs7bggEqCNZsYgrCk5q8Qj5BEWJtOi6YEdznyKmlXym61XLm9LDXqeR0FcArOwAVwQQ00wA1oghbA4BE8g1fwZj1ZL9a79TEfXbPynRPwB9b3D7lgo98=</latexit>
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n Percentage 𝑝 of the population that falls under the 
minimum dietary energy requirement 𝑀 (daily caloric 
intake to stay healthy – country dependent)

n The FAO assumes that the food supply available per 
inhabitant and per year  is distributed according to a 
lognormal of average 𝐶!"!(kcal/cap/year) and variance 𝜎#

where Φ is the cumulative for the standard lognormal

n Knowing the supply 𝐶!"! , we can then compute the 
prevalence of undernourishment 𝑝

From wheat data to the prevalence 
of undernourishment

p = �

✓
ln(M)� ln(Ctot)

�2

◆

<latexit sha1_base64="5pC/kBz+BAv1RYRS5PTR24hkDUA="></latexit>
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Shock propagation mechanism
Proportional strategy (Tamea et al, 2016)

Country i

Decrease of q of 
The total import

Country j

Eij
<latexit sha1_base64="UWAAc+bYYGbnMD/QgPQL9ytEMng=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgj0WRPBYwX5Au5Rsmm3TZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1PY2Nza3inulvb2Dw6PyscnbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gepv5nSeqNJPi0cxi6kd4JFjICDZWat8NUjaZD8oVt+ougNaJl5MK5GgOyl/9oSRJRIUhHGvd89zY+ClWhhFO56V+ommMyRSPaM9SgSOq/XRx7RxdWGWIQqlsCYMW6u+JFEdaz6LAdkbYjPWql4n/eb3EhHU/ZSJODBVkuShMODISZa+jIVOUGD6zBBPF7K2IjLHCxNiASjYEb/XlddKuVb2rau3hutKo53EU4QzO4RI8uIEG3EMTWkBgAs/wCm+OdF6cd+dj2Vpw8plT+APn8wedJ48f</latexit>

Eij ! E0
ij = Eij � q

EijP
j Eij

<latexit sha1_base64="h7WfpbtA7+FvyauA/SvMJKbTAyc=">AAACHnicbVDLSsNAFJ3UV62vqEs3wSK6sSRVsRuhIAWXFewDmhIm00k77WQSZyZCCfkSN/6KGxeKCK70b5wmWWjrgYFzz7mXO/e4ISVCmua3VlhaXlldK66XNja3tnf03b22CCKOcAsFNOBdFwpMCcMtSSTF3ZBj6LsUd9zJ9czvPGAuSMDu5DTEfR8OGfEIglJJjn7RcGIyTmwZGI3jlF5lyum97XGI4qxKYltEvjPOK0cvmxUzhbFIrJyUQY6mo3/agwBFPmYSUShEzzJD2Y8hlwRRnJTsSOAQogkc4p6iDPpY9OP0vMQ4UsrA8AKuHpNGqv6eiKEvxNR3VacP5UjMezPxP68XSa/WjwkLI4kZyhZ5ETVUGLOsjAHhGEk6VQQiTtRfDTSCKhWpEi2pEKz5kxdJu1qxzirV2/NyvZbHUQQH4BCcAAtcgjq4AU3QAgg8gmfwCt60J+1Fe9c+staCls/sgz/Qvn4A/MSjpQ==</latexit>

Ii ! I 0i = Ii � q
<latexit sha1_base64="5bHqxBtXjAoSOGZ7+hOaw4L7+ro=">AAACAHicbVDNS8MwHE3n15xfVQ8evASH6MXRTsFdhIEXd5vgPmArJc3SLSxNa5IKo/Tiv+LFgyJe/TO8+d+Ydj3o9EHg5b3fj+Q9L2JUKsv6MkpLyyura+X1ysbm1vaOubvXlWEsMOngkIWi7yFJGOWko6hipB8JggKPkZ43vc783gMRkob8Ts0i4gRozKlPMVJacs2DlpvQdKhC2DrJ2FV+P7t3zapVs3LAv8QuSBUUaLvm53AU4jggXGGGpBzYVqScBAlFMSNpZRhLEiE8RWMy0JSjgEgnyQOk8FgrI+iHQh+uYK7+3EhQIOUs8PRkgNRELnqZ+J83iJXfcBLKo1gRjucP+TGDOm/WBhxRQbBiM00QFlT/FeIJEggr3VlFl2AvRv5LuvWafV6r315Um42ijjI4BEfgFNjgEjTBDWiDDsAgBU/gBbwaj8az8Wa8z0dLRrGzD37B+PgGDxWWBw==</latexit>

Ii
<latexit sha1_base64="GEV17NCZqW3IRARQpitXL8DNASA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FL3qrYNpCG8pmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1PY2Nza3inulvb2Dw6PyscnLR2niqHPYhGrTkg1Ci7RN9wI7CQKaRQKbIeT27nffkKleSwfzTTBIKIjyYecUWMl/76f8Vm/XHGr7gJknXg5qUCOZr/81RvELI1QGiao1l3PTUyQUWU4Ezgr9VKNCWUTOsKupZJGqINsceyMXFhlQIaxsiUNWai/JzIaaT2NQtsZUTPWq95c/M/rpmZYDzIuk9SgZMtFw1QQE5P552TAFTIjppZQpri9lbAxVZQZm0/JhuCtvrxOWrWqd1WtPVxXGvU8jiKcwTlcggc30IA7aIIPDDg8wyu8OdJ5cd6dj2VrwclnTuEPnM8f27KOrw==</latexit>

Available 
wheat supply

Si ! S0
i = I 0i � E0

i + Pi
<latexit sha1_base64="4hZ+nuEbA87NuOs3GKXs5ZbQ+5k=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARBbHMVMFuhIIIuqvUPqAdhkyatqGZB0lGKENx46+4caGIW7/CnX9j2s5CWw/kcjjnXm7u8SLOpLKsbyOzsLi0vJJdza2tb2xumds7dRnGgtAaCXkomh6WlLOA1hRTnDYjQbHvcdrwBldjv/FAhWRhcK+GEXV83AtYlxGstOSae1WXtVWIqkcuu7zV5fRal5OKy1wzbxWsCdA8sVOShxQV1/xqd0IS+zRQhGMpW7YVKSfBQjHC6SjXjiWNMBngHm1pGmCfSieZnDBCh1rpoG4o9AsUmqi/JxLsSzn0Pd3pY9WXs95Y/M9rxapbchIWRLGiAZku6sYc6ZvHeaAOE5QoPtQEE8H0XxHpY4GJ0qnldAj27MnzpF4s2GeF4t15vlxK48jCPhzAMdhwAWW4gQrUgMAjPMMrvBlPxovxbnxMWzNGOrMLf2B8/gBfW5V0</latexit>
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Shock propagation mechanism
Proportional strategy

• Before and after the shock

Eij ! E0
ij = Eij � q

EijP
j Eij

<latexit sha1_base64="h7WfpbtA7+FvyauA/SvMJKbTAyc=">AAACHnicbVDLSsNAFJ3UV62vqEs3wSK6sSRVsRuhIAWXFewDmhIm00k77WQSZyZCCfkSN/6KGxeKCK70b5wmWWjrgYFzz7mXO/e4ISVCmua3VlhaXlldK66XNja3tnf03b22CCKOcAsFNOBdFwpMCcMtSSTF3ZBj6LsUd9zJ9czvPGAuSMDu5DTEfR8OGfEIglJJjn7RcGIyTmwZGI3jlF5lyum97XGI4qxKYltEvjPOK0cvmxUzhbFIrJyUQY6mo3/agwBFPmYSUShEzzJD2Y8hlwRRnJTsSOAQogkc4p6iDPpY9OP0vMQ4UsrA8AKuHpNGqv6eiKEvxNR3VacP5UjMezPxP68XSa/WjwkLI4kZyhZ5ETVUGLOsjAHhGEk6VQQiTtRfDTSCKhWpEi2pEKz5kxdJu1qxzirV2/NyvZbHUQQH4BCcAAtcgjq4AU3QAgg8gmfwCt60J+1Fe9c+staCls/sgz/Qvn4A/MSjpQ==</latexit>

Ii ! I 0i = Ii � q
<latexit sha1_base64="5bHqxBtXjAoSOGZ7+hOaw4L7+ro=">AAACAHicbVDNS8MwHE3n15xfVQ8evASH6MXRTsFdhIEXd5vgPmArJc3SLSxNa5IKo/Tiv+LFgyJe/TO8+d+Ydj3o9EHg5b3fj+Q9L2JUKsv6MkpLyyura+X1ysbm1vaOubvXlWEsMOngkIWi7yFJGOWko6hipB8JggKPkZ43vc783gMRkob8Ts0i4gRozKlPMVJacs2DlpvQdKhC2DrJ2FV+P7t3zapVs3LAv8QuSBUUaLvm53AU4jggXGGGpBzYVqScBAlFMSNpZRhLEiE8RWMy0JSjgEgnyQOk8FgrI+iHQh+uYK7+3EhQIOUs8PRkgNRELnqZ+J83iJXfcBLKo1gRjucP+TGDOm/WBhxRQbBiM00QFlT/FeIJEggr3VlFl2AvRv5LuvWafV6r315Um42ijjI4BEfgFNjgEjTBDWiDDsAgBU/gBbwaj8az8Wa8z0dLRrGzD37B+PgGDxWWBw==</latexit>

Available 
wheat supply

Si ! S0
i = I 0i � E0

i + Pi
<latexit sha1_base64="4hZ+nuEbA87NuOs3GKXs5ZbQ+5k=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARBbHMVMFuhIIIuqvUPqAdhkyatqGZB0lGKENx46+4caGIW7/CnX9j2s5CWw/kcjjnXm7u8SLOpLKsbyOzsLi0vJJdza2tb2xumds7dRnGgtAaCXkomh6WlLOA1hRTnDYjQbHvcdrwBldjv/FAhWRhcK+GEXV83AtYlxGstOSae1WXtVWIqkcuu7zV5fRal5OKy1wzbxWsCdA8sVOShxQV1/xqd0IS+zRQhGMpW7YVKSfBQjHC6SjXjiWNMBngHm1pGmCfSieZnDBCh1rpoG4o9AsUmqi/JxLsSzn0Pd3pY9WXs95Y/M9rxapbchIWRLGiAZku6sYc6ZvHeaAOE5QoPtQEE8H0XxHpY4GJ0qnldAj27MnzpF4s2GeF4t15vlxK48jCPhzAMdhwAWW4gQrUgMAjPMMrvBlPxovxbnxMWzNGOrMLf2B8/gBfW5V0</latexit>

New food supply (𝑓$ share of wheat in the food basket) 

C 0
tot = Ctot[1 + fw(xw � 1)] for xw < 1

<latexit sha1_base64="0Qd5s7Tt88updjhB1S1qQTqJOio="></latexit>

xw =
S0
i

Di
<latexit sha1_base64="Fev4GBrfnRsZSa9V6lSB46Eg01w=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyiq5JUwW6Egi5cVrQPaEOYTCft0MkkzEzUGoq/4saFIm79D3f+jdM2C209cC+Hc+5l7hw/ZlQq2/42cguLS8sr+dXC2vrG5pa5vdOQUSIwqeOIRaLlI0kY5aSuqGKkFQuCQp+Rpj+4GPvNOyIkjfitGsbEDVGP04BipLTkmXsP3v15JxAIpzdHHh2ll7p5ZtEu2RNY88TJSBEy1Dzzq9ONcBISrjBDUrYdO1ZuioSimJFRoZNIEiM8QD3S1pSjkEg3nVw/sg610rWCSOjiypqovzdSFEo5DH09GSLVl7PeWPzPaycqqLgp5XGiCMfTh4KEWSqyxlFYXSoIVmyoCcKC6lst3Ec6CqUDK+gQnNkvz5NGueSclMrXp8VqJYsjD/twAMfgwBlU4QpqUAcMj/AMr/BmPBkvxrvxMR3NGdnOLvyB8fkDb8iVLg==</latexit>

• Worst case scenario for the demand 𝐷%

D0
i =

(
Di if S0

i > Di

S0
i otherwise

<latexit sha1_base64="ZpI+ZgTKkvt91lvMGnvQTdb/0Us="></latexit>

C 0
tot = Ctot otherwise

<latexit sha1_base64="dDsjLFhdan6P142WE3aqiPqaLIw=">AAACDXicbVDLSgNBEJz1GeMr6tHLYhQ9hd0oGBAhkIvHCOYBSQizk95kyOzOMtOrhGV/wIu/4sWDIl69e/NvnDwOmlgwTFHVTXeXFwmu0XG+raXlldW19cxGdnNre2c3t7df1zJWDGpMCqmaHtUgeAg15CigGSmggSeg4Q0rY79xD0pzGd7hKIJOQPsh9zmjaKRu7rhy2k1QYnpdmf7tq3ZAcaCCROIA1APXkHZzeafgTGAvEndG8mSGajf31e5JFgcQIhNU65brRNhJqELOBKTZdqwhomxI+9AyNKQB6E4yuSa1T4zSs32pzAvRnqi/OxIaaD0KPFM53lTPe2PxP68Vo1/qJDyMYoSQTQf5sbBR2uNo7B5XwFCMDKFMcbOrzQZUUYYmwKwJwZ0/eZHUiwX3vFC8vciXS7M4MuSQHJEz4pJLUiY3pEpqhJFH8kxeyZv1ZL1Y79bHtHTJmvUckD+wPn8AxyycoQ==</latexit>
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Model: recap
Proportional strategy

• Shock (reduction of export for a country)

• Propagate the shock (proportional strategy)

• For each country compute the amount of food 
available after the shock 𝐶′!"!

• From 𝐶′!"! compute the prevalence of 
undernourishment 𝑝



CLAND | 24.10.2022

Illustration: 
The Ukraine crisis
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The global wheat trade network: 
Russia and Ukraine

n Russia and Ukraine together represent the world largest 
wheat export capacity
q Russia: 10.3% (20%)  of the world wheat production (trade)
q Ukraine: 3.4% (10%) 

n Impact of disruptions of their export flows ? We will focus on 
a decrease of 50% of Ukrainian exports

n This export drop represents 
q 3.8% of the total amount of wheat and wheat products that reach the 

global market.
q The impact of the shock cascade on the GWTN structure is 

substantial: the number of strictly importing countries goes from 39 
to 100, the number of edges is roughly divided by 1.7 and the 
average quantity exported through a single trade relationship has be
multiplied by 1.6
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Different paths

We distinguish 3 categories of countries: 
- exclusively directly from net positive exporters (Egypt, (C))
- import exclusively from intermediaries (Lybia, (D))
- import from both net positive and intermediaries such as Yemen (B).

Ei > Ii
<latexit sha1_base64="G8ZjnZUD+/pWBRB+hNdLfWQ6GD0=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWwZ6kIILeKtgPaJclm2bb0Gx2SbJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvCARXBvH+UaFtfWNza3idmlnd2//oHx41NZxqihr0VjEqhsQzQSXrGW4EaybKEaiQLBOML6Z+Z0npjSP5aOZJMyLyFDykFNirNS59fn1vc/9csWpOnPgVeLmpAI5mn75qz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm587xWdWGeAwVrakwXP190RGIq0nUWA7I2JGetmbif95vdSEdS/jMkkNk3SxKEwFNjGe/Y4HXDFqxMQSQhW3t2I6IopQYxMq2RDc5ZdXSbtWdS+qtYfLSqOex1GEEziFc3DhChpwB01oAYUxPMMrvKEEvaB39LFoLaB85hj+AH3+AKaPjxY=</latexit>

Ei < Ii
<latexit sha1_base64="0TFzZEVXxoIhny2v8xGmewe/+94=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWwR48FETQWwX7Ae2yZNNsG5rNLklWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRckgmvjON+osLa+sblV3C7t7O7tH5QPj9o6ThVlLRqLWHUDopngkrUMN4J1E8VIFAjWCcY3M7/zxJTmsXw0k4R5ERlKHnJKjJU6tz6/vve5X644VWcOvErcnFQgR9Mvf/UHMU0jJg0VROue6yTGy4gynAo2LfVTzRJCx2TIepZKEjHtZfNzp/jMKgMcxsqWNHiu/p7ISKT1JApsZ0TMSC97M/E/r5easO5lXCapYZIuFoWpwCbGs9/xgCtGjZhYQqji9lZMR0QRamxCJRuCu/zyKmnXqu5FtfZwWWnU8ziKcAKncA4uXEED7qAJLaAwhmd4hTeUoBf0jj4WrQWUzxzDH6DPH6OBjxQ=</latexit>

Wheat supply-chains of Yemen (A and B), Egypt (C) and Libya (D) for the 2019 GWTN.
Pruning: Yemen 100% wheat import (A), 91.95% (B). Egypt 99.44% (C), Libya 77.37% (D).
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Shock simulation: 50% export decrease
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Shock simulation: 50% export decrease
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Zipf’s plotOther scenarios
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Discussion
n For a 50% export cut from Ukraine, a total of ~5 million 

individuals fall under the minimum diatery energy 
requirement. For most affected countries indirect effects are 
responsible for their supply problems 

n 3 different groups of countries
n Low 𝑓$, low 𝐶!"!: danger (Africa, south and central America, …)
n Large 𝑓$, medium 𝐶!"!: danger (North Africa, Eastern 

Europe,…)
n Moderate 𝑓$, large 𝐶!"!: out of danger (Europe, NAmerica)

n We developed a parsimonious model for shock propagation 
in food trade networks. This simple analysis/model helped 
us to point to the relevant parameters and mechanisms and 
could be used to test mitigation strategies
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Thank you for your attention.
http://www.quanturb.com
marc.barthelemy@ipht.fr
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Additional slides
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Food crises

Lagi, Marco, Karla Z. Bertrand, and Yaneer Bar-Yam. "The 
food crises and political instability in North Africa and the 
Middle East." arXiv preprint arXiv:1108.2455 (2011).
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