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Geographical characterization of the food supply ratio

across the globe*

Shotaro Takematsu

Abstract

Stable food supply is essential for evolution and prosperity of human beings. And It has
affected our activity performance, nutrition state and health. Recently the stability of food
supply is under various challenges due to natural disaster like droughts and floods or social
crisis like population growth, economic disparity and conflicts. Consequently, the number of
undernourished people is estimated to have reached 821 million in 2017. To solve the food
problems, it is necessary to construct the flexible food system and understand the relation-
ship between the food supply and the geographic factor. Therefore, in this study, we try to
systematically analyze the record of food supply ratio between 174 countries and 75 foods by
hierarchical clustering. The 174 countries were classified into 29 clusters. Of them at least 18
clusters had distinct geographic feature, and then we characterized these clusters based on geo-
graphic, climatic, cultural and food features. Moreover, we measured the geographical property
between the accessibility of foods and the ratio of food supply to define the connection between

them.
Keywords:
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*Master’s Thesis, Department of Information Science, Graduate School of Information Science, Nara Institute of
Science and Technology, March 12, 2019.
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Cluster

Geographic Zone

Republic of Latvia/Republic of Lithuania/Republic of Poland /Republic of Moldova/Romania/Russian

1 Federation/Republic of Belarus/Ukraine /Bosnia and Herzegovina/Czech Republic/Republic of Estonia
Republic of Austria/Grand Duchy of Luxembourg/Kingdom of the Netherlands /Kingdom of Norway /Portuguese
Republic/Hingdom of Belgium/Republic of Slovenia/Kingdom of SwedenSwiss Confederation,/United Kingdom of
Great Britain and Northern Ireland/United States of America/Canada/Republic of Croatia/Kingdom of
Denmark/Republic of Finland /Federal Republic of Germany Republic of [celand fCommonwealth of
2 Australia,/Ireland
Republic of Malta /Mew Zealand/Republic of Serbia fSlovak Republic/Spain/Oriental Republic of Uruguay /Republic of
Bulgaria/Republic of Chile/Republic of Cyprus/Argentine Republic/French Republic/Hellenic Republic/Republic of
3 Hungary/State of [srael /Republic of [taly
Republic of Kazakhstan /Kyrgyz Republic/Republic of Montenegro/Former Yugoslay Republic of Macedonia /Republic
4 of Turkey /Republic of Albania/Republic of Armenia
[slamic Republic of Mauritania,/Tslamic Republic of Pakistan/The Republic of the Sudan
Republic of Azerbaijan/Mongol Uls/Republic of Tajikistan/Turkmenistan/Republic of Uzbekistan/People's
il Demaocratic Republic of Algeria/Georgia
[slamic Republic of Afghanistan/Republic of Lebanon/Kingdom of Morocco/Republic of Tunisia/Republic of
Yemen/Republic of Djibouti fArab Republic of Egypt/1slamic Republic of Iran/Republic of Irag/Hashemite Kingdom
of Jordan
B Republic of Liberia/Republic of Madagascar/Republic of Sierra Leone/Republic of Guinea
Republic of Mozambigque/Republic of Congo/Republic of Angola
Federal Republic of Nigeria/Republic of Benin/Republic of Togo,/Central African Republic/Republic of Cote
10 d'Ivoire,/Republic of Ghana
11 Solomon Islands
12 Gabonese Republic/Republic of Haiti
13 Republic of Rwanda
14 Republic of Uganda /United Republic of Tanzania/Republic of Cameroon
Kingdom of Lesotho/Republic of Malawi/The Democratic Republic of Timor-Leste /Republic of Zambia/Republic of
15 Zimbabwe
16 Republic of MalifRepublic of Niger /Burkina Faso/Republic of Chad
State of Kuwait/Republic of Mauritius/5ultanate of Oman/Kingdom of 5audi Arabia/United Arab Emirates,/Co-
17 operative Republic of Guyana/Republic of India
New Caledonia/Barbados/Saint Christopher and Nevis/Saint Lucia fSaint Vincent and the Grenadines/Republic of
18 Trinidad and Tobago/Antigua and Barbuda/French Polynesia/Grenada/Jamaica
19 Republic of Maldives/Commonwealth of The Bahamas /Belize /Bermuda/Commaonwealth of Dominica
Republic of Panama/Republic of Peru/Republic of Suriname /Bolivarian Republic of Venezuela/Republic of
Baolivia/Federative Republic of Brazil /Republic of Cape Verde/Republic of Colombia/Republic of Costa Rica/Republic
20 of Cuba/Dominican Republic/Republic of Ecuador
21 Republic of Kenya/Federal Democratic Republic of Ethiopia
The United Mexican States/Republic of Namibia/Republic of Nicaragua/Republic of Paraguay,/Republic of South
Africaf/Hingdom of Swaziland /Republic of Botswana/Republic of El Salvador /Republic of Guatemala/Republic of
22 Honduras
23 Union of Myanmar,/People's Republic of Bangladesh,/Republic of Guinea-Bissau
Lao People’s Democratic Republic/Republic of the Philippines,/The Kingdom of Thailand/Socialist Republic of Viet
24 Nam,/Kingdom of Cambodia/Republic of Indonesia
Republic of Kiribati/Independent State of Samoa/Demuocratic Republic of Sao Tome and Principe/Republic of
25 Vanuatu
Malaysia/Republic of Korea /Brunei Darussalam/People’s Republic of China/Hong Kong Special Administrative
26 Region/Macau,Taiwan,Tapan
27 State of Nepal /Democratic People's Republic of Korea
28 Republic of Senegal/Republic of the Gambia
29 Demaocratic Socialist Republic of Sri Lanka /Republic of the Fiji [slands
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R—DHAT 2T, TDFERE RI~ISITRT,
£1 7 I7AX— 1 IZRHBN Rk K2 7T AR 2 TR kR
cluster 1 cluster 2
Food name p value Food name p value
Pigmeat 0.0134 Bovine Meat 0.0329
Eggs 0.0492 Pigmeat 0.0059
Milk(Excluding Butter) | 0.005 Fats(Animals, Raw) 0.0023
Cheese 0.0471 Milk(Excluding Butter) | 0.0001
Cream 0.0056 Cheese 0.0001
Rye and products 0.0001 Cream 0.0001
Oats 0.0004 Crustaceans 0.0204
Potatoes and products 0.0001 Demersal Fish 0.0033
Beer 0.0001 Rye and products 0.0166
Beverages(Alcoholic) 0.0002 Oats 0.002
Sunflowerseed Oil 0.0032 Apples and products 0.0006
Oranges(Mandarines) 0.002
Coffee and products 0.0002
Beer 0.0001
Wine 0.0001
Rape and Mustard Oil 0.0046
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K3 77 AX— IR BRR

cluster 3
Food name p value
Bovine Meat 0.0187
Pigmeat 0.0019
Eggs 0.0128
Fats(Animals, Raw) 0.0007
Milk(Excluding Butter) 0.0021
Cheese 0.0001
Butter, Ghee 0.0248
Cephalopods 0.0368
Wheat and products 0.0393
Beer 0.0245
Wine 0.0001
Olive Oil 0.0002
Olives(including preserved) | 0.0228
Sunflowerseed Oil 0.0004

K5 7T AR — 6 IR Bk

cluster 6
Food name p value
Mutton(Goat Meat) 0.0001
Wheat and products 0.0002
Potatoes and products 0.0388
Onions 0.0001
Tomatoes and products 0.0012
Grapes and products(excl wine) | 0.0005
Cottonseed Oil 0.0002

21
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cluster 4
Food name p value
Milk(Excluding Butter) 0.0001
Potatoes and products 0.0204
Onions 0.0486
Tomatoes and products 0.0001
Apples and products 0.0064
Grapes and products(excl wine) | 0.0005
Olives(including preserved) 0.0014

K6 77 AR~ TICREIN R kR

cluster 7

Food name p value
Wheat and products 0.0001
Barley and products 0.0104
Onions 0.036

Tomatoes and products 0.0001
Grapes and products(excl wine) | 0.0021
Peas 0.0264
Nuts and products 0.0475
Sugar(Refined Equiv) 0.0147
Tea(including mate) 0.0196
Olive Oil 0.0445
Olives(including preserved) 0.0421
Palm Oil 0.0324
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cluster 8
Food name p value
Rice(Milled Equivalent) | 0.0021
Cassava and products 0.0001
Sweet potatoes 0.0365
Palm Oil 0.0003
Palmkernel Oil 0.0317
Groundnut Oil 0.0335

£9 752K — 15 IR kR

cluster 15
Food name ‘ p value
Maize and products 0.0001
Soyabeans 0.034
Groundnuts(in Shell Eq) | 0.0329

K11 77 AX— 17 (CFHN s ok

cluster 17
Food name p value
Poultry Meat 0.0148
Maize Germ Oil 0.0034
Onions 0.0166
Dates 0.0003
Nuts and products | 0.0256
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cluster 10

Food name p value
Cassava and products 0.0001
Yams 0.0001
Plantains 0.0077
Pimento 0.0085
Pineapples and products 0.0226
Cocoa Beans and products | 0.018

Honey 0.0331
Groundnut Oil 0.0147
Palmkernel Oil 0.0101
Sesameseed Oil 0.0459

#10 77 AX— 16 IR &k

cluster 16

Food name p value
Sorghum and products 0.0001
Millet and products 0.0001
Groundnuts(in Shell Eq) | 0.0001
Sesame seed 0.0001
Cottonseed Oil 0.014

Beverages(Fermented) 0.0065

K12 77 AX— 18 (TR ke

cluster 18
Food name p value
Poultry Meat 0.0001
Oats 0.0347
Oranges(Mandarines) | 0.0066
Sugar(Refined, Equiv) | 0.0006
Beverages(Alcoholic) 0.0285
Coconut Oil 0.0001
Infant food 0.0046
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K14 75 A% — 20 (TR AR

cluster 19
Food name p value
Crustaceans 0.0367
Pelagic Fish 0.0063
Apples and products 0.0118
Grapefruit and products 0.0001
Oranges(Mandarines) 0.0001
Lemons Limes and products | 0.0012
Nuts and products 0.0147
Coffee and products 0.0216
Pepper 0.0342
Cloves 0.0112
Infant food 0.0291

K15 77 AX— 22 (TR ke

cluster 22
Food name p value
Eggs 0.0213
Maize and products 0.0001
Beans 0.0001
Beer 0.0444
Sugar(Refined, Equiv) | 0.0003

cluster 20
Food name p value
Bovine Meat 0.0092
Poultry Meat 0.0365
Plantains 0.0006
Pineapples and products | 0.0002
Beer 0.0026
Soyabean Oil 0.0001
Sugar(Refined, Equiv) 0.0256

K16 77 AX— 24 \TEHA s kR

cluster 24

Food name p value
Cephalopods 0.045

Freshwater Fish 0.0001
Whey 0.0282
Rice(Milled, Equivalent) | 0.0001
Soyabeans 0.0248
Pimento 0.0204
Bananas 0.0495
Pineapples and products | 0.0355
Beverages(Alcoholic) 0.0198
Sesame seed 0.0392
Coconut Oil 0.0216
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cluster 25
Food name p value
Pelagic Fish 0.0237
Bananas 0.0002
Coconut Oil 0.0002
Coconuts(Incl Copra) | 0.0001
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cluster 26
Food name p value
Cephalopods 0.0001
Crustaceans 0.0001
Demersal Fish 0.0041
Freshwater Fish 0.0463
Pigmeat 0.0001
Poultry Meat 0.0011
Offals(Edible) 0.0009
Eggs 0.0001
Soyabeans 0.0001
Nuts and products 0.0043
Palmkernel Oil 0.0379
Rape and Mustard Oil | 0.0086
Soyabean Oil 0.0113
Infant food 0.0078
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75 AR — 26 LBRMPTRNEYNT Ao 72 (KRIR),
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(FNA - ZNHT—L L=V T7)IERT V7 O & FHBERIC#N T WS
ZEPHDLSTRLZ I AR —IZEL T\, ZAUTIF ERLD 2 HEIZH T B REH
KEPBERLTWSEEZONS, H2UICHET YT D8 HEDOEE—~AHD D
GDP(7 — X AF: https://data.worldbank.org/indicator/NY.GDP.PCAP.CD)
BRUTz, TIVERA - ANY S =L V=Y T BHET Y7 OHR TR 2 AET
HH, VIAR—24ZBLTCWERMET VT OEX LD ERFHREVPHEATHDS
EHEZOND, TDTTAX—DEBEHIRIERITT 7 AKX — 24 TR TR DOE
BOEA L. W - SRR EEROREVEIML TW5D (M22), TV A - XY T
—LeRV—=YTD2AEMPI TAR—24TIERL T TAR—=26IZBL TV H
HEUTiE, BERRIZE>TERIA FOBYHLOBEAZ—VPS5XD AL
DEVAPHEOEENHMUZBERZ—VIZY T MNLEIEREZLNS, L
IR0 T, ZDZTAXR—OBBITITHY Filzk e U3k, KOHRET V7
IZBIORFERBRVPRECEB/LTVWDIEEZ LN,
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BRI L B RBRIEEL AR OD T 72 AVEDBBMEIZ O WTEE LTS,

421 9324—1~3

I AR—1~3 OB 16 DT 7 AR ELLHMEBEEBRL TV
(F19~21), 77 AR — 1LIZFEITHRITHED 7 T A X — 30, 34 LBRL TV
(#£19), BIFHEDZ T AR =30 FRITNL—R) v 72T 2HDELET 2%
AMTHY, 77 ARXR—=341F 7 TR N T=T 2 2L LT 72 AKET
Hotze 7ITAXR— 2RI T AR— 26 LEBYEVEBbh b (£20), 75
AR—26F/ NV x—, N)IVFXF— ATz —FTV, TUI—T,. TAILTVERED
5 WEITHIR I N, TNOTRTHARMED I I AX—=2IZBL TV, 7T AX
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VARV THRBTBEIIAR— 24 =a—V =5V R, TILEVF U, FUIE
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#19 77 AX—11LBF57 7R

05 AR—FE
sghkE | 7AW | B4
1 5 Bosnia and Herzegovina
1 25 Republic of Poland
1 29 Russian Federation
1 29 Ukraine
1 30 Republic of Belarus
1 30 Czech Republic
1 30 Republic of Estonia
1 34 Republic of Latvia
1 34 Republic of Lithuania
1 34 Romania
1 36 Republic of Moldova
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F20 I7I7AX—21LBIFBT A

05 AR—FE
gl | 7AW | B4
2 5 Republic of Slovenia
2 5 Republic of Croatia
2 11 Kingdom of the Netherlands
2 24 United Kingdom of Great Britain and Northern Ireland
2 24 Federal Republic of Germany
2 25 Portuguese Republic
2 25 Swiss Confederation
2 26 Kingdom of Norway
2 26 Kingdom of Belgium
2 26 Kingdom of Sweden
2 26 Kingdom of Denmark
2 26 Ireland
2 28 Commonwealth of Australia
2 31 United States of America
2 32 Canada
2 32 Republic of Iceland
2 33 Republic of Austria
2 33 Grand Duchy of Luxembourg
2 34 Republic of Finland
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#21 7T RAR=3IIBITET IR

75 AR—FES

glElE | T2 AW | B
3 4 Hellenic Republic
3 4 State of Israel
3 5 Republic of Malta
3 5 Republic of Cyprus
3 8 Oriental Republic of Uruguay
3 24 Spain
3 24 French Republic
3 24 Republic of Italy
3 28 New Zealand
3 28 Republic of Chile
3 28 Argentine Republic
3 29 Republic of Bulgaria
3 33 Slovak Republic
3 34 Republic of Hungary
3 35 Republic of Serbia
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422 USRI —4~T7

JIAR—AT TR TAR—6 & TICRBN AT 72 AL ORBRIHER SN
oo ZIAR—6IZTNI )T EEY TILUNDOHUEALITHZED 27 5 A X — 36
WZELTW (XK22), 77 AKX — 36 OHISIEF Y U7 Zdulh& U E4 ThEK
INTVBEIENS, 77 AX— 6 DOREMIHILRIIEIFRTITORKET 72 A
A CBEBRLTWR EEbIE, £72, 77 AX— TIZIXEITMED I 7 A X —
4, 5, 18 D3 DD I T AR —MWHMBEBLTVWE EEZ 5ND (K23), £- T, 7
FTAR—=TIZIZ3IDDERET 7w A 2R 7-HISAHE L TnWb L Bbh b,

#22 VT ARXR—6IIBIFBT AN

05 AR—FE
gl | 77 A | B4
6 5 People’s Democratic Republic of Algeria
6 23 Mongol Uls
6 36 Republic of Azerbaijan
6 36 Republic of Tajikistan
6 36 Turkmenistan
6 36 Republic of Uzbekistan
6 36 Georgia

#23 VIAR—=TIZBIIET AN

05 AR—FES
BRELE | 7oA | B4
7 4 Kingdom of Morocco
7 4 Arab Republic of Egypt
7 5 Republic of Lebanon
7 5 Republic of Tunisia
7 18 Islamic Republic of Afghanistan
7 18 Islamic Republic of Iran
7 18 Republic of Iraq
7 23 Republic of Djibouti
7 25 Hashemite Kingdom of Jordan
7 39 Republic of Yemen
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423 UZR4—10

I AX =101 6 AEF 3 AE (b=, 3= FIERT =), H—F) BLiT
TDTTAR—14IZBLTWIZZenS, 7T7AR—14 DT 7w AL OBER
Ezond, £, TOMD 3 HEEFZTNEFNHOT 7 AMERT I T AR —IZ
JBL Wiz (F24),

#24 I I7AR—1012BF 527 7 AM

IIAR—FE
RREILE | 7oA | @HE
10 14 Republic of Togo
10 14 Republic of Cote d’Ivoire
10 14 Republic of Ghana
10 16 Republic of Benin
10 19 Central African Republic
10 28 Federal Republic of Nigeria

424 U 5RX%4%—15,16

I IAR—=15E5 HEB 3 HE (T4, YUET, IUNTI) DLITHISE
DI FAR—16 IZJBL T Wz (K25), ZOZEns, 7IAX— 15 LHD3H
E AT SHIE DT 7 2 AW CBERLTWE EEZoND, £z, 7T AXK
— 161285 4 AEDSH 3 AEPEITHHED Y T AKX —12(% D, =Yz —)b,
TNFFT 7 I)ICERLUTWIZZ ERH SN - 72 (K25),

#25 7 I7AX— 15,16 I2B1F 5T 7 AM

75 AR—FS

BREE | 7oeRME | E4
15 6 The Democratic Republic of Timor-Leste
15 16 Republic of Malawi
15 16 Republic of Zambia
15 16 Republic of Zimbabwe
15 37 Kingdom of Lesotho
16 12 Republic of Mali
16 12 Republic of Niger
16 12 Burkina Faso
16 38 Republic of Chad

40



425 USR5 —18

75 AR — 18 IZIXRATMHED 7 T AR —1 & 3 L DEEIRIRWL, Kz r I A
2 — 3424 10 HEH 5 HEDPEFEL TWA Z EBH ST o7 (F26), & T,
DG AR—18IZIF IV TAR—1 0T AX—3I12&B 20727 AL OBEFZRH

EAbLbND,
#26 7I7AX—18IIBIFBT VAN
75 AR—FT
AR | T oA | B4
18 1 Republic of Trinidad and Tobago
18 1 Jamaica
18 3 Barbados
18 3 Saint Christopher and Nevis
18 3 Saint Lucia
18 3 Saint Vincent and the Grenadines
18 3 Antigua and Barbuda
18 18 New Caledonia
18 21 French Polynesia
18 23 Grenada
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426 USR5 —20

25 AKX —20 T 12 AEH 7 HEPEITHEDO 2 F AL — 1, 8, 10 LEFKRL
TWBZ ehbhol (RK27), 77 AX—20TlEAY 7MHOE 4 LBFELTWS
75 AK— 1 LREREHROH (R —, ap Y, 77 R, KUVET) D&
LTWB27 528 —8, 101I2L53DDHRRET 7 AL DEENEZ 5N D,

2T VT ARX—2012BIFET VAN

75 AR—FT
kR | TR AV | B4
20 1 Bolivarian Republic of Venezuela
20 1 Dominican Republic
20 2 Republic of Cuba
20 7 Republic of Panama
20 8 Republic of Suriname
20 8 Republic of Bolivia
20 10 Republic of Peru
20 10 Republic of Colombia
20 10 Republic of Ecuador
20 11 Republic of Costa Rica
20 28 Federative Republic of Brazil
20 37 Republic of Cape Verde
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427 OUVSRY—22

75 AR— 22T EITHhR T XY oY 7Y o RS Tw
T2, AT DR TR TN T NOHIBIC R > - BEDO T 72 AMAER L
TWBIZENRHLNT R 5Tz, T AV HOHIKTIX S AET 4 HE (=H 52
7. TIVYIUNRIL, 7535, RhvIadR) BRTMED I T AX— T8
LTED, 7 7VATIEFIETERY T F0 2 HEDPRITHED T 7 AKX — 23
WEBLTW (R28), LEAoT, 27 AX— 2 CRRHPRTAYAEFET 7 H

TEINETNRLDLET 7 AMIZ L EENEASND,

#28 UV ITAR—221ZBIFBT VAN

75 AR—FS

gRlE | T2 MW | B
22 7 Republic of Nicaragua
22 7 Republic of El Salvador
22 7 Republic of Guatemala
22 7 Republic of Honduras
22 8 Republic of Paraguay
22 23 Republic of Namibia
22 23 Republic of Botswana
22 28 Republic of South Africa
22 31 The United Mexican States
22 38 Kingdom of Swaziland
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428 U TRY—24 26

7T AR = 0 FRATMIED 7 T AR — 17, 28 LR H D, 7T AR — 26 1%
25 A% —11, 31 LOBRBH o7z, £7z. FATHFRDI FAR— 61327 T AR —
24, 26 LHE U CRARL Tz (R29), 7T AKX — 24 ZIEHMET V7 D4 T
BENDETTAR—6 ERNFLENVRITILEB I TAR—1T, KOTARL
RADNETEITAR—28D3DDT7 7 AL OEENEZ SND, —FH, 7
TAR—=2612F L =T TR ADET S0 7 AKX — 6. KORYFHGIZH L
EADNET S TAR— 11, 3112&5 3207 7 AMDOHENREZ SN,

#29 U ITAX—2426128175T 7 AN

I IAR—FT
/R | 7o eRME | B
24 6 Republic of the Philippines
24 6 Republic of Indonesia
24 17 Socialist Republic of Viet Nam
24 17 Kingdom of Cambodia
24 28 Lao People’s Democratic Republic
24 28 The Kingdom of Thailand
26 6 Malaysia
26 6 Brunei Darussalam
26 11 Republic of Korea
26 11 Taiwan
26 29 Hong Kong Special Administrative Region
26 31 People’s Republic of China
26 31 Japan
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