v Food and Agriculture FAO STATISTICAL 2 O 5
M Organization of the DEVELOPMENT SERIES :

United Nations

FOOD BALANCE SHEETS
AND SUPPLY UTILIZATION
ACCOUNTS RESOURCE
HANDBOOK 2025






FAO STATISTICAL 2 O g
DEVELOPMENT SERIES g
z

FOOD BALANCE SHEETS
AND SUPPLY UTILIZATION
ACCOUNTS RESOURCE
HANDBOOK 2025



Required citation:

FAO. 2025. Food balance sheets and supply utilization accounts resource handbook 2025. FAO Statistical
Development Series, No. 20. Rome. https://doi.org/10.4060/cd4472en

The designations employed and the presentation of material in this information product do not imply the expression of any opinion
whatsoever on the part of the Food and Agriculture Organization of the United Nations (FAO) concerning the legal or development status
of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. The mention of specific
companies or products of manufacturers, whether or not these have been patented, does not imply that these have been endorsed or
recommended by FAO in preference to others of a similar nature that are not mentioned.

The views expressed in this information product are those of the author(s) and do not necessarily reflect the views or policies of FAO.

ISSN 1014-3378 [Print]
ISSN 2664-746X [Online]

ISBN 978-92-5-139645-2
© FAO, 2025

(). @

Some rights reserved. This work is made available under the Creative Commons Attribution 4.0 International licence (CCBY 4.0:
https://creativecommons.org/licenses/by/4.0/legalcode.en).

Under the terms of this licence, this work may be copied, redistributed and adapted, provided that the work is appropriately cited. In any
use of this work, there should be no suggestion that FAO endorses any specific organization, products or services. The use of the FAO
logo is not permitted. If a translation or adaptation of this work is created, it must include the following disclaimer along with the required
citation: “This translation [or adaptation] was not created by the Food and Agriculture Organization of the United Nations (FAO). FAO is
not responsible for the content or accuracy of this translation [or adaptation]. The original [Language] edition shall be the authoritative
edition.”

Any dispute arising under this licence that cannot be settled amicably shall be referred to arbitration in accordance with the Arbitration
Rules of the United Nations Commission on International Trade Law (UNCITRAL). The parties shall be bound by any arbitration award
rendered as a result of such arbitration as the final adjudication of such a dispute.

Third-party materials. This Creative Commons licence CC BY 4.0 does not apply to non-FAO copyright materials included in this
publication. Users wishing to reuse material from this work that is attributed to a third party, such as tables, figures or images, are
responsible for determining whether permission is needed for that reuse and for obtaining permission from the copyright holder. The risk
of claims resulting from infringement of any third-party-owned component in the work rests solely with the user.

FAO photographs. FAO photographs that may appear in this work are not subject to the above-mentioned Creative Commons licence.
Queries for the use of any FAO photographs should be submitted to: photo-library@fao.org.

Sales, rights and licensing. FAO information products are available on the FAO website (www.fao.org/publications) and print copies can
be purchased through the distributors listed there. For general enquiries about FAO publications please contact: publications@fao.org.
Queries regarding rights and licensing of publications should be submitted to: copyright@fao.org.


https://doi.org/10.4060/cd4472en
https://creativecommons.org/licenses/by/4.0/legalcode.en
mailto:photo-library@fao.org
http://www.fao.org/publications
mailto:publications@fao.org
mailto:copyright@fao.org

Contents

=Y = Tol T SRR X
ACKNOWIEAGEIMENTS ...eeiiiiiiee ettt et e et e ettt e e st e e et teeesrateee e ataeeeaasseee s ssaaeesssaeeaanssaseasseeeaastseesanssaeessssneasansseananes Xi

1A o T =1V =1 d o PRSP UPPTPRRN xii
INTRODUCGTION ...ccettiiiiiiiiinneeeniiiisisssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 1
OV BIVIBW ...ttt ettt et e ettt e e e ettt et e e e s e e et et e e e saan e s et et e e e s e ne s e e et e e e s e n s s e e et e e e s e s nsr e e et e e e s e s nnnnneeeeeeesannnnneeeeeeesaannnnnee 1
USES Of FOOA DAIANCE SNEEES ..cciiniiiii e et e e st e e e et e e e s sbteeesnbeeeesabteesssntaeesnaraens 2
Food balance sheets and the monitoring of the Sustainable Development Goals ..........cccceeeeciieeeiciie e, 3
Interpretation of food balance Sheet EStIMAateS. ......coii i e 3
SErUCtUre Of this RANADOOK. .. ..ciiiiiieee et e be e st e e s sbeesbe e sbeesabeesbeesbaesnseesnns 4

1 IMETHODOLOGY ....iiiiuiiienniiiieeniiiiessieisessieissssisissssssissssssssssssssssssssssnssssssnsssssanssssssnssssssnsssssanssssssnssssssnsssssansssssanssssss 7
11 Basic identity and @pPrOaCh ..ottt e sareenes 7
1.2 (DY ool 0 o] =T o111 4V SRR 8
1.3 New features of the current MethodOIOgY .........c.uiiiiiiiiiiiiee e 9

2 CONCEPTS AND DEFINITIONS .....ouuueetiiiiiiisssnnnneeiisissssssssessssssssssssssessssssssssssssssssssssssssnsssssssssssssssssssssssssssssnnsasssssns 11
2.1 TR AT o] (=T OO PO ORI 11
2.2 F O =Y YAz LA T o] (=TSSR 13
23 Imputation, estimation and COMPULATION......c.eiiiiiiiiie e s 15
2.4 (8 L8 T a3 il s 41T L U o PSSP 15
2.5 Product coverage and classifiCations ..........oioiiiiiieiiereee e 16
2.5.1 United Nations Central Product Classification........c.cveriiiiiiiniiieiieeniee et 16
2.5.2 Harmonized Commodity Description and Coding SYStEM .........covieeriieiieiniierieene et 18
2.5.3 FBS COMMIOTILY [IST ...vveiiiiiie ettt et e e et e e e st e e e s ata e e e eateeeeaaaeesenbbeeeessaeesssaeaesnsseeesnnes 19

2.6 COMMIOAILY TrEES. .. ettt ettt s e e bt e sttt e bt e s bt s bt e e abe e e bt e sab et e st e eabe e e bt e eabeeeasbeenbeeesnneenees 20

3 DATA SOURCES AND QUALITY ...uuuueeeeeiiiiisssssnnenssssssssssssassssssssssssssssssssssssssnssssssssssssssnssssssssssssssnssessssssssssnnsasssssss 23
3.1 OVEIVIBW ..ttt e e ettt et e e ettt e e e e e s s a et e e e e e s s be et e e e e e e s s be b e e eeee e s as e b et e e eeesaaannbee et eeesaaannbbbneeeesesannsnnneeeens 23
3.2 HIerarchy Of data SOUIMCES ......uueiieiii e e et e st e e e s e e e et e e e s bt e e e e snteeeeenseeeesnsseeeennseeesnnneeas 23
3.3 Application of data QUAlItY Flags......ccocuiii i e et e e e eate e e et e e e e bb e e e earae e eeanaeas 24
3.4 Crop and livestock production and utilization qUESTIONNAITE .........ceiveieiiiciieecee e e 26

4  PRIMARY CROP AND LIVESTOCK PRODUCTION ......coeiieirnmereniriisssssnneesssssssssssnssessssssssssnssssssssssssssnssassssssssssnnnsans 27
4.1 OVEIVIBW ..ttt e e ettt et e e ettt e e e e e e be et e e e e e e s s be et e eeeee s sbe bt e eee e e s ase b e e e eeeeseaannbebeeeeeaaannbsbeeeeesesannsnnneeeens 27
4.2 D) = W10 ] 01U =1 o (o] o OSSP RPTPPPPPPRRPNE 27
42.1 LI 11 L] 23U 27
4.2.2 Ty =T 0] o (=T =T o1 =PSRRI 29

4.3 Imputation of Primary Crop ProdUCTION .........ii it e e e e st e e e e e abe e e e e ataeeesabbeeeenraeeeeanaeas 30
431 OVBIVIBW ..ottt ettt e e ettt e s et e e sttt e e e bttt e s aee e e e s be e e e e st et e s ns e e e e sane e e s e s beeesnnneeesareeesennteeesannneeesnneeeann 30
4.3.2 [aaT o TU L= Lo oI (=T o L PPNt 30
4.3.3 Primary crop production eXample: WhEat ..........ccueiiiiiiiieiiir e see et e e e e e e seaeeeeanes 30

4.4 Imputation of livestock production data .........oocciiiiiei e e e aaaaes 32
44.1 OVBIVIBW ..ttt ettt e e ettt e ettt e st e s e bttt e s e et e e s be e e e e st et e s nn e e e e sane e e s e s beeesnneeeesasetesenteeesannneeesnneeeann 32
4.4.2 EEMIS INVOIVED ..ottt e st e e e st e e e s ate e e sbbaeessabaeessnbeeesabbaeesnabaeeenanes 32
443 WWOTKFIOW .ttt sttt e st e s ab e s ab e e sabe e sab e e sabeesabeesabeesabeesabeesabeesabaesaseens 33
4.4.4 PN T T IR o] 1= ST P 33
4.4.5 V1= T =] SRS 34

4.5 EZES ANT MIIK Loeeiiiiiieiee e e e e e e et e e e e e e e se b ae e e e e e e e ea b bataeeeeeeaaaabbaaeaeaeeeaatatreeaaaeeeaarraes 34
45.1 =4 Y PP PP PPPTPPPPPPPPPTPIRE 34
4.5.2 IVHTK vttt st ettt e et e st e e s aa e e sat e e sabe e sateesaaeeshteenaae et b e e naaeenRbe e aae e R be e teeenaaeenaaeenaaeennteennreeaees 36



5 PRODUCTION OF PROCESSED CROP AND LIVESTOCK GOODS ........ccceriiiinunmmmieniiicsssnnniienisssssssmeeenisssssssssssesns 37

5.1 OVEIVIBW ..ttt ettt et e e ettt e e e e e s bttt e e e e e s abe et e eeeee s sse bt eeeeeesaass b e eeeeeesaaannbbeeeeeesasnnbebaeeeeeesansnnaeeaens 37
5.2 Imputation workflow for processed ProduUCES. .........ccceeeiiiiieeciiie e e e e e e s e e eaeae e e ranaeas 38
5.21 Imputation Of fOOd PrOCESSING . ..eieiiiiiieeii ettt sare e 38
5.2.2 Imputation of derived ProdUCTION .........uii i e e e rare e e s tre e s s ere e e snreeeesnsreeesanns 39
5.23 Derived product imputation EXamMPIE .....cooiiiiiiiee e re e e e e e s eaaee 39
5.3 CONVEISION COBTIICIENTS ...veiiiiiiiee ittt st sttt e st e e s sb b e e be e s baesbeeesbaeebeeessaesnneas 40
531 = ot o] o I = (TP PP PPPPPPPPRINt 40
5.3.2 o Yot [ = o - Y- SRRSOt 40
5.3.3 Bottom-up shares: the mirror imputation [00P ..........cooiiiiiiiiiiii e 40
5.3.4 BOtLOM-UP SNArES EXAMPIE .. ueiii ettt e et e e et e e et e e e e ate e e staaeeesstaeesessseeessnseeeesnsseeannnes 45
5.3.5 TOP-TOWN SNATES ...ttt ettt et e e bt e bt e e b et e bt e s bt e e sbeesbe e e sbbesbeeenbaeebeeennesnees 47
5.3.6 TOP-AOWN SHArES EXAMIPIE ... .eeiieeiiiee et eeee et e et eee e e e s e e e esata e e sesaeeessaee e e staeeeasssaeesssseeeaansseeasnnes 48
6 TRADE. ..cuituiittiiiuiiitiiieiiiieiiteiieeistaesieeeraestsssstssssrssstesssrssstsssstsssssssstsssssssstassssssstssssssssssssstassssssstasssrssssanssrnsssanssrns 49
6.1 D L= R o V] ol =L OO PP OO PPPTPPPPPPPPPPPPPPPPPRt 49
6.1.1 UNSD tariff-liN@ dataSet......eiecuiiiiiiiiiiiiiierie sttt sttt st s e st e e s e e s abe e s ateesbte e sabeesateesabeesaseesasaenaeas 50
6.1.2 o 1 =Y dle == 1] PSPPSR 50
6.2 Overall approach and WOTKFIOW ..........uii i e e et e e e et e e e s tbe e e e taeeeesbaeessbeaeans 51
6.2.1 Data CoONTENT @SSESSIMENT .cciiiiiiiiiiiiiiiiiiieeeeeee ettt et e e et et e e e e e s e s et e s e s e e e se s et et eseserereseresesanens 53
6.2.2 UNSD tariff-line data steps: aggregate Shipments.........ccocciiii e et 54
6.2.3 UNSD tariff-line data steps: remove SOME COUNTIIES ..cc..eiiiiiriiiiieeriie ettt s 55
6.2.4 UNSD tariff-line data steps: recode re-imports and re-eXPOrtS .......cccceeeeieieeiiiieeeeiiieeeerreeeeereeeeerreeeeens 55
6.2.5 UNSD tariff-line data: measurement UNit CONVEISION ......ccuviiiiiiiriiiiie et ciee e e eree e saee e e seaee e 55
6.2.6 Eurostat data steps: MappPiNg anNd CONVEISION ....ccueiiiiieieiecciiieeee e ceritree e e e e e strrr e e e e e e ssarbereeeeessesnnnnnes 56
6.2.7 FAO steps: Unified trad@ flOW .......coouiiiiiiiieeiee et e 56
6.2.8 FAO steps: unit value COMPUELATION ....cc.uiiiiciiiccciieecceee ettt ettt e e e rare e e e eaaee e e s baeeeeasaeessbaeeesasaeeennnes 56
6.2.9 FAO steps: missing qUantity iMPUTATION........uiiiiiiiiie e s s e e e e e s s e saanees 57
6.2.10 FAO steps: mirroring for NON-reporting COUNTIIES. ........iiiiciiie ettt ee e e e eree e e e treeeeaees 57
6.3 Data Validation ....eeeueieiiieeeeeee et ettt st et st e e bt e b e et e e s be e e bee s be e e bt e e baeenneenane
6.3.1 OVBIVIBW ..ttt ettt et ettt e e e s ettt et e e e s e s a b ettt e e e e e s abe e b e eee e e s nnba et eeaeeesannssneeeeesesannsreeeeaessannnnnee
6.3.2 Outlier detection criteria
6.3.3 Data validation for reporter countries with an eXample .........cccveiiiiii e 59
6.3.4 Data validation for non-reporting countries with an eXxample .........cccceeeeiiiicen e 61
T FOOD SUPPLY ...cotiiiiiiiiinneeeeisiissssssnsseessssssssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssnsssssssssssssnnssesssssssssssnnsasssssss 63
7.1 DE ) = I o 10 ol =L ST PP OPPPPUPPRRPPRE 63
7.2 Approach followed in food sUpPPly @StIMAtioN ......cccciiiiieiiii e e 63
8  STOCKS VARIATION ....ciiiiunereeiiiisissssnnressesissssssssssesssssssssssssssssssssssssssssesssssssssssnsssssssssssssnnsssssssssssssnnssssssssssssssnnsnns 67
8.1 DE ) = I o 10 ol =L ST PP OPPPPUPPRRPPRE 67
8.2 ESTIMAtiON MOTEI . ..eiiiiiiiiee et ettt st e st e s bt e s be e s bt e sabeesbeesabeesbeesbaesnneesane 67
8.3 StOcks Variation: @n @XAMPIE .....cooe i e e e e e e e e s e e arbaa e e e e e e aaarraaaaaaas 68
L5 T =3 =10 I U] 71
9.1 D) = I o 10 o] =L PSP PR OPPPPRPRPTN 71
9.2 ESTIMAtING FEEA USE...uuiiiiiiii e e e e e e e e e bt e e e e e e e se s bataeeaeeeseasstaeaaaeesanssstaeeeaessennsssnns 71
9.3 [RAVZ=TS do Yol 8 £=T=To Mo [=T 0 o =1 o T IR OO OO PP PPURRUPRPPPRUPRN 72
9.3.1 2T To [ =d o I g =To (U1 g =T =] ) &SRR PUPRNt 72
9.3.2 ANTMAT UNTES 11ttt e e bt e s bt e e bt e s bt e e bte e beeebeeeabaessaeesabeeesabesbeeenstesnbeeesareennes 74
9.3.3 Accounting for forage and roughage: the intensity factor ..........cccoociiiieiiii e 75
9.34 Feed disaggregation PrOCEAUIE ........uiiiiiie i e ettt s e et e e e eeee e e s e e e e ate e e saaeeeesstaeessnseeesnseeeesnseeenannes 76



10 FOOD LOSSES......ccoiuiiiiiiiiniinniiiitiiiiissssiesesisisssssssesessissssssssssesssssssssssssssssssssssssssssesssssssssssssassssssssssssssanenssss 81

OIS R B 11 - [ o] U o< S OO U P OO PPPPT PRI 81
0 1 1 0 =1 o USSP PP 81
11 SEED ...uiiiieiiiiieniiiitnniiiienniienesiiisnssestsnssesisnssestenssestensssstanssestanssestanssestanssettansiettansiettansiettansstennssetannsstennssssennnns 85
0 O R B =1 = Yo 10 ol =TSO PRORPON 85
11.2  Overall approach fOr IMPULATION ...cccccuiiii et e e e e ere e e st e e et e e e este e e snseeeesasseeeannseeesnnnneas 85
11.2.1 IMPULALION OF @rA SOWN ..eiiiiiiiie ettt e et e e st e e st e e e s ate e e sabaeessabaeessnsaeesnssaeessnseeesnnnes 85
11.2.2 SEEA USE: the MOUE! ..eiiiiiiiiie e sttt e st e s e e st e e sabeesabee s beesabeesabaesaseess 86

12 TOURIST CONSUIMIPTION ...ccuiiiiniiiieneiiiieneieiiensiesiensesisnsosisnssosssnssssssnssssssnssssssnssssssnssssssnssssssnssssssnsssssanssssssnsnns 89
13 INDUSTRIAL USE .....uueeeiiiiiiiiiiinneeiiiiiisssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssasssssssssss 91
14 BALANCING METHODOLOGY ....ccceuiiimmeniiinnnesisnsesissssesisnsssstsssssssssssssssnssssssnssssssnssssssnssssssnsssssanssssssssssssnnsssssnne 93
127 5 1Y { e Yo ¥ ot o T AU SRS PR 93
14.2  BalanCing WOTKFIOW .......uiiiiiiiee ettt e e et e e e e et e e e e e ttte e e s abe e e e abaeeeeasaeeesssaeeeassaeaeanssaeesnnsenas 93
14.2.1 Stocks @s @ balanCiNg IEEM c...ciiiiiiie e st st e s b e s s eearee s 94
14.2.2 Food-residual products as balanCing iteM .........ccciiiiiiiie e e et e e e rae e e e baeeeeanes 95
14.2.3 Recursive constrained proportional balanCing...........coeuiiiiiiiiiiiiiin e 95
14.2.4  An example of proportional BalanCiNg ..........cooiiie et et 97
14.2.5 RESIAUAI DAIANCING c..veeiiieeie ettt sttt st sbt e st e e s st e e sabeesabeesabeesabeesabeesaneens 100
14.2.6 Balancing of remaining small imbalanCes..........cccuiii i 100

15 STANDARDIZATION ....uueeeiiiiiiiisssnreeiiiiiiisssssseeeisisssssssssseessissssssssssesssissssssssssessssssssssssssessssssssssssssesssssssssssssnsens 101
15,1 OVEIVIBW wetiiiiiiieiiiiiieeee e ettt et e e e sttt et e e e s e saaaba e et e e e se s s ba b e eeeeee s s ba b e aaeeeesasassbaaaeeessessssbeeaeaeeessanssnaaaeesssnnssnrnes 101
15.2 Commodity types in the standardization PrOCESS........ccccuiieieciiieeiiieeeeciee e et e etree e et e e e eare e e stree e eeataeeeeaneeas 101
15.2.1 Proxy-primary COMMOUTITIES ....coeoueiiiieiiieee ettt ettt e sab et esabeesae e e sabeesabeesabeesaneens 102
15.2.2 o1 ) 2 o] oY [N ot &SP SURPOt 102
15.2.3  An example: the standardization Of MaIZe .........c.eeviiiiiiiiiiin e 103

T I =T o =T e [T o o 1 i Lo L PSSP 104
15.3.1 Standardization of quantities (maize example, CONTINUE)........cceeeiieiieerieecieece e 105
15.3.2 Aggregation of macronutrients (maize example, continued).........ccueeeeiiiiiieciiee e 107
15.3.3  Aggregation in the FBS tree (maize example, CONtINUEd) ......coverriieriieiiinierieeeie et 108

16 NUTRIENT ESTIMATES ....coicerireeteiiiiiiesssnnneesesisssssssnssessssssssssssssssssssssssssnssesssssssssssnsssssssssssssnnsssssssssssssnnssssssssss 109
17 COMPILATION OF FOOD BALANCE SHEETS: A STEP-BY-STEP EXAMPLE..........cccccoirmmeiiiimnniiiinnnicinnnicnnanecnnne 111
17.1  OVEIVIEW ceiiieiiieeiiite ettt ettt e sttt et e e st e sttt e s be e e e e s b et e s mr e e e e sabe e e e e s be e e s ms e e e e sabeeeseanneeesannneeesanneesennraeesnnneas 111
17.2  EXamMPle: SUA FOr WHEAT ......eeiee ettt et e e et e e et e e e e bb e e e e ate e e eeasaaeesasbeeeennsaeeseasaeas 111
17.2.1 U 7ol 441 o 11 = 1 4 e o TSRS 111
17.2.2 2| T g Vol o= o] feTol=To [V T4 I PP UPURRRNt 113

NI T Y.V o 1-F: | ol o1 g Yo [ 4V o f TSR 114
17.3.1 Compilation of SUAS for Wheat prodUCLES .........eeeiiiiieiiiiiiie e e e e et ee e e e e e e 114
17.3.2 SUASs balancing for Wheat prodUCES.........cceeer ittt e s e e e e e e e nae e e snaeeeennrneeeennns 122

17.4 Balanced SUAs for barley products and SWEELENEIS .........eeeeiiieiiiiiiiiie et e eeirare e e e e e e eaaeees 124
17.5  Standardization XAMPIE .......eeieciiri ettt e e e e et e e s e e e e e e te e e e st e e e e ntreeeaateeesrreeeennraeeeannees 126
17.6  Standardization of NULIENtS EXaMIPIE.....cici e e e e e e st e e e e e e s eabbaeeeeeeesennnneees 127
18 REFERENCES .....ccoiiuettiiiiiiiiiiuneeeiiiiiisssssnseesssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssessssssssssssnssssssssss 129



Tables

1. Units of measure in the FBS MeEthOTOIOZY .......c..ueiiiiiiiieiee ettt et e e st e e et r e e e aa e e e snbaeeeennsaeeeennneas

2. FCL=CPC mMany-t0-0Ne liNK EXAMPIE c.o..uiiiiiiiiieiiiee ettt ettt e s st e e sttt e e e st it e e s sateeesabeeessabaeeesnsseeesnssaeessnseeesnnns

3. FCL—CPC 0ne-to-mMany liNK @XaMPIE ......ooiiiiiiei ettt e e et e e st e e e st e e e ettee e saseeeesstaeeesssseesnsneessnsseeeanens

4. FCL-CPC many-to-many link example .............

5. FBS complete commodity classification tree

6. Observation status code list for secondary data (including missing values) disseminated by FAO ........ccccceovervenene. 25
7. Wheat production imputation eXample (PArt 1) ... eeciiie et sree e e e e rtre e s raae e e e str e e e esre e e sraaeeesanreeeannns 30
8. Wheat production imputation @Xample (PArt 2) ..ottt sttt sttt et st st s 31
9. Wheat production imputation eXample (PArt 3) ...eeoiee oot e e sre e et e e s rrr e e e st e e e e tae e e sraeeeenarreeeannns 31
O T LT Yol Q) =T o1 PRSP 32
11. Processed items derived fromM CattIE ......oii it st e s be e st ssbe e s baeeaee e 32
12. Animals and eggs iteM COMTESPONUERNCE .....cocuiiiiii ettt ettt ettt ettt sbt e e bt e s bt e s bt e e bt e e be e e sbbesbe e e saneesseeesaneenees 34

13. Animals and milk item correspondence

Y o] gl ' 1 = SRS SR
15. Millet values for the calculation of the production of derived products..........ccceeiiiieeeiiiiie e 39
16. Production of millet-derived products after calculations..........coocuiiiiiiiiiniee e 40
17. Maize and itS Child PrOQUCES .......ccocuiiie et e et e e et e e e e bte e e stbeeeesataeeeanssaeesnssasesansaeeeasreeesnnseens 46
18. Malt, whether or not roasted and its child ProdUCES..........c.eoiiiiriiiniiiee e 46
19. Rice, broken and its Child COMMOTITIES ......coiiurieiieiiiiictieee e e e e st e e e e eessabar e e e e e eesesbarreeeeeeseesnrees 46
20. Beer of barley, malted and its Parent ProdUCES.......cocuiirieiiiiiiieee ettt st sbe e st sareesanee s 46
21. Remaining food processing quantities to be assigned in the example of beer of barley, malted...........cccceeevveen. 47
22. Final result of the estimation of top-down shares

23. Example of Comtrade tariff-line data ...........ooocuiii i e ettt e e e s ta e e e e ata e e e atae e e sbreeeeanes
24, Example of EUrOSTat trade data......oocieeiiiiiieeii ettt ettt st s b e et e s b e s b sbeeeanee s
25. HS chapters used in the FAO trade dOmMaiN .......ccocciiiiiiie ettt e st e e e e e e s et e e e e e s e s attaeseeeeeesnnnraaneaeens
26. Example of multiple transactions by reporter/partner/flow/year/HS code

27. Results of the aggregation of MUILiple tranSACTIONS .......c.uiiiiiiiee et eerre e et e e e e tr e e e e sate e e eeabaeeesbreeeennns
28. IMIITOIING EXAMIPIE «eeiiiieie ettt ee et e ettt e sttt e e e tte e e eeateeeessteeeeasseeeessseeeesssaeeeansseeesssseeeeanseeesansseeesasseeessnsseenannes
29. Subset of the trade validation PIUGIN...........eii it e e e e et e e e s eate e e e s baeeeesataeeeesbaeeeeabreeennnns
30. Total sunflower seed trade Of COUNTIY A ...t e e st e e e s et e e e sate e e e snbeeessneeeessnseeessnsseesannes
31. Example of bilateral trade flow of country A and COUNTIY B .......ccuviiiiiiiiiiciiiee ettt e e e e e eaee e e e breeeenes
32. Example of bilateral trade flow of country B and COUNTIY A .......oeiiiiiiiie et e e s saee e e sare e s e
33. Example of bilateral flow of country A and country B with the measurement factor applied.........ccccceeevieeeeirinenns 60
34. Total sunflower seed trade of country A after correction

35. Example of data validation for non-reporting countries ......

36. Stocks variation example FOr WHEAT .......o.uii it e e et e e st e e e st e e e e ate e e esnneeeesnreeeeanes
37. Example of feed demand eStiMatioN ........c.iiiiiiiiriiiee et et e e s e e e st e e e s aae e e e sbe e e e ente e e e naeeeenrreeeanes
38. Example of feed demand @StimMation ...........uuiiiii e e e e e s e e e e e e e earaaaaaae s
39. Example of feed demand estimation — fiNal VAlUES ........c..eiiiiiii i saee e s e e e
40. Pre-balancing values in constrained proportional balancing eXample ... 97
41. Calculation of balancing shares in constrained proportional balancing example ........cccccveceeiiciee e 98
42. Calculation of supply ratios in constrained proportional balancing example .........ccccceiieiiiiiiiei e, 98
43. Minimum and maximum values of utilizations in constrained proportional balancing example........ccccceeevvevevineenn. 99
44, POSt-balanCing @XAMPIE .....uuiiei it e e e et e e e e e e —aar e e e e e e nartaareaaeeeaans

45. Examples of zero-weight products

46. Maize commodity tree with standardization COeffiCieNntS ........c.uuviieiii i

47. “Rolled up” edges of the commodity tree of maize to the FBS group of maize .......cccoecveeiecinicciee e,

48. “Rolled-up” edges of the commodity tree of maize to the other SUA components ....

49. “Rolled-up” edges for the aggregation of MACrONULIIENTS .....cccuvviiiiiieecciee e e e e e eneaeas

vi



50. Maize FBS aggregation tahle ..... ...t e e e e et e e e e e e et b e e e e e e e e e nnraaraaeeeeannraaaaaaaas 108
5% B SoToTe [ elo] g o Yo Iy Fu ToT T =1 o1 1T 5T 1U [ o of Y3 RPN 109
52. Nutrients included in the nutrient CONVErSioN table ..........ooiiiiiiiiie e e s 110
53, INTLIAL SUA FOF WREAL ..ttt ettt et et sae e e bt e s s b ae s bt e s b ee e sbe e e sabesbeeesbbeebeeensteensteesaseeneas 111
54. Wheat trade flow information at the HS6 disaggregation level ..ot 111
55. SUA for wheat with imputed values for stocks and fEEd...........eeiiiiii i 112
56. SUA for wheat with imputed values fOr 10SS........oouiiiiiiiiei e 112
57. SUA for wheat with imputed values fOr SEEM ........cuiiiieiic e e et e e e ta e e s eaaae e sareeeens 112
58. SUA for wheat with imputed values for iNdUSTIal USE ........c.cooiiiiiiiiiiii e 112
59. Calculation of wheat food processing — l@VEl 1 ..........eeieeiiiiieie e e e s e e e te e e s eaaaee e snreeeens 113
60. UNDAlaNCed SUA fOr WHEAT.....ciiciiei ittt et e sttt e st e e e st e e e s s be e e ssabeee s sabaeeesnabaeesaaseeessnsseeenns

61. SUA for wheat with imbalance

62. BalanCiNg fOr WHEAT ...ccueiiiii ettt et s b e e b e e bt e s bt e s bt e e bt e s bt e e naneennt e e sareeneas

63. BalanCed SUA fOr WHEAT ..c..viiiiiiiiii ettt ettt sb e e sb e e e bt e e s bte s be e e sbbeebeessbbeebaeesabeenaes

64. Empty SUA for wheat products

65. SUA for wheat products filled with official figures for production...........cccccueiiiiiiieccciie e 115
66. SUA for wheat products filled With trade ......c.c.eooiiiiiiie e et 116
67. SUA for wheat products filled With STOCKS ..........ueiiiiiiiie ettt e e st e e et e e e e araeesareeaens 117
68. SUA for wheat products filled With fOOd .......ooiiiiiiii e e 117
69. SUA for wheat products filled With fEEd..........c..uiiiiiiee e et e e et eeaae e e s areeeeas 118
70. SUA for wheat products filled With 10SS......c.ueiiiiiiieiie ettt s 119
71. SUA for wheat products filled With SEEA USE........ccocuiiiieiiiic et e re e st e e e tr e e aae e e sareeeeas 119
72. SUA for wheat products filled with iINAUSTFAl USE .......eiiiiiiiiiiiiee e 120
73. Wheat values for the calculated production of derived at processing level 1 .........ccccovvreeiieiiiiiiee e, 121
74. SUA for wheat products filled with the production of derived products at processing level 1..........ccccceevvvernennnee. 121
75. Wheat food processing calculation for processing [€VEl 2 .........coouuiiieiiiii it 122
76. SUA for wheat products filled with production of derived products .......ccceccueviiiieieiriiic e 122
77. Unbalanced SUA for Wheat ProQUCES........c..iiiiciiie ettt ettt e ettt e et e e e e tve e e esttaeeeeabaeeesabbeeeeaataeeeenssaaesnsresanns 123
4| Ta Yo Ta Y48 o gl o] =TT USSR 123
79. Balanced SUA fOr Wheat PrOQUCES ........coociuiiii ettt e e e e et e e e e et e e e stb e e e e ataeeseabaaeesabbaeeeanbaeseessaeesnsresaans 124
80. Balanced SUA for barley and ProdUCES ........eiiiceieriiiee ettt see e ser e st e e e et e e ssaaee e e sanaeeeesntaeessnnseeesnseeanan 124
81. Balanced SUA for sSWeeteners and PrOGUCTES.........cciiiieeeiiieeeeieee e ettt e e ettt e e eetteeestbeeeessteeeeesaseesssseeesstseesassaeesnsreseans 125
82. CPC—FBS commodity mapping With WEISNTS .......cceiiiiiiiiiiiee et 126
83. FBS for wheat, Darley and SWEETENEIS ........oicciiie ettt et e e e e et e e e st e e e e ateeeeeabaeeesabbaeeenataeeeeseaeesnsresaans 126
84. Nutrients for Darley and ProdUCES ........iiieiiie et e e e e e e st e e e e s te e e esaaaeeesnbseeeesnteeessneeeesnnseeannn 127
85. Wheat, barley and SWeETENEIs NULIIENTS .....uiiiii i et e e s e et e e e e e e s e santbaereeeeeeeranraaneeeeas 127
Figures

1. FOOd 1055 @loNg the ValUe Chain ..o e e e e e st e e e e e e e e s abaeeeaeeeesenbaaeeeeaeesennserees 13
2. Classification scheme used and recommended by FAO for the FBS methodology ........cceocvveveiiiii e 16
3. CPC expanded code 01199.02 for MIXEd SraiNn .....cccccuiiiiiiee ettt e et e e e e e e e e eabtr e e e e e e s e s abtaaeeeeeeesannraaaeeaens 17
4. Green corn commodity tree: single product from each production ProCess ..........cccceeviieeieceeresiieeeereee e seeeeens 21
5. Mustard seed commodity tree: multiple products and production ProCESSES .........ueeieeeieiiiuiiireeeeieeiiiiereeeeeeerrvrreeens 21
6. Ensemble modelling results for yield @StIMAates ........cuie i e e e e e e s nee e e snaeeeesnnreeeannes 31
7. Livestock production imputation WOrKIIOW .........cooiiiiiii it e e e e e e e araaaeeeeas 33
8. Main steps in the production of Processed ProAUCES .......c.uiiiiciiie e e e s e e e saee e e e saaee e e srreeeennes 37
9. Possible relations between parent (P) and child (C) ProdUCES.......cocuuiiieiii e ettt e e vee e e e bre e e 41
10. Bottom-up shares CalCUlation FlOW .....ccoceiiiiieiiee e e e e st re e e et e e s s aae e e s naeeeennsaeeennnneas 42
11. Example of derived ProdUCTION ..........coouiii ittt e et e e e et e e e et e e e e tbeeeesabeeeeeasaeeesssaaaeensseseensbaeeennsenas 43
12. Beer of barley, malted eXample raph ... e e e et e e ar e e e e nae e e e nntaeeenanees 46

vii



13, ComMPIEte trade WOTKFIOW .......eeieiiieeeeeeee e e et e e e e e e et e e e e e e eeseabaaaeeeaeesasssbaeeaeaeseasstaeseaaeseanas 53
14. Example of supply including and eXcluding STOCKS .......c.uviiicuiiiieiiie et e s e e e e e 69
15. FEEA OVETAIl WOTKFIOW eeiiniiiiieciiee ettt s e e e et e e s satte e e sabeeeeenbeeesnasaeeesabaeeeenstaeesnnnneas 72
16. Food estimation model Workflow at the COUNTIY IEVEI ..........eeeeeiiie e e e 83
17. BalanCing WOTKFIOW ...cc..uiiieeiee ettt ettt e et e st e et e s bt e e bt e sabee s bt e sabeeeseesabeeenneenane 94
18. MAiZE COMMOAITY TrEE..ceiuiiiiieiiieeiieee ettt e st e e et e e e e eteeeestaeeeestaeesasaeeesstseaeasssasesssseeesssaaesanssasessseaeesnsseeennns 103
19. Complete standardization FIOW........c.uei i et e s te e e s rate e e s s bte e e s sataeesareeessbeeeenanns 104
L0 YAV ToT- Y oo 0 0T 4o Lo [ AV o TSP SIN 114
21, Barley COMMOTILY TrEE ...couiiiiiieiiie ettt ettt e bt e sb e e s bt e bt e e bt e e s abe s bt e e bbesbeeessbeeneeesaneenees 125
22. Commodity tree of SWEETENEIrS PrOTUCES ......ccccuiiiiiieeeeciieeeetee et e e e e et e e e st e e e estte e e esaaaeeesasseeeesstaeessnsaeessreeenns 125
Equations

1. Total supply = total utilization (identity at the SUA TEVEI) ......couiiiiiiiiie ettt st st 7
2. Total supply = total utilization (identity at the FBS IEVEI) ......cccuuiiieiiie ettt et e 8
I e e [W ot oo I8 A o] [=] ST TP TS TPV PPPO PP PRI 27
4. Production triplet for crop production iMPUETATION ........ceiiiiiii it e et e e etae e e stb e e e estte e e seaabaeessreeaans 28
5. Production triplet fOr @animals..... .. oot sab et s e st e sareeearee s 28
(o e oY [¥TotuTo) oI u T o] [=] A0 o] g 44 =T | PRSPPI 28
7. ProdUCHION TriPIEt fOr @S .. .vii ittt ettt e s e bt e st e e e at e e sab e e s ae e e sab e e e at e e sa b e e et e e sbeenaree s 28
I el oY [¥ Lot o) oI T o] [=] o o T o 4o 11 PR SURUUPNE 29
9. Production Yield fOrMUIA .......ci ittt ettt e st e e bt e e st e e sae e e sabeesateesabeesaseesabeesaneenn 30
10. Hierarchical model for laying hens/other birds estimation —leVel L.........cccoovieiiiiiieeciiecee e e 35
11. Hierarchical model for laying hens/other birds estimation — 1eVel 2..........ccoveririenenienieeneeeeeeee e 35
12. Hierarchical model for laying hens/other birds estimation —leVel 3........ccc.oooviieiiiciiiceeceeee e e 36
13. FOO ProCeSSING = VEISION L ...eiiiiiiiiiiieiee ittt sttt sttt st e bt e st e et e st e s bt e sa bt e sabeesabeeeaseesabeeeaneesabeeenseesabeesneenane 38
14, FOOO PrOCESSING — VEISION 2 .oiiiiiiiiiiiiiiiiieeeeeieiitteeeeesesetuttreeeeeesestttseeeaaeseasstaaseeassasasstasseaassesansssssessesesnassssseeseeesnnnssrens 38
15. Production of derived products imputation fOrmMuUIa ..........cueeieiiii e 39
N ST e e oYY [T o =Y I U PUURPOE 40
17. Food processing quantity already @SSIZNE . ......ceiiuiii it eetee st e e eeare e e s e e e et e e et e e e sbaeeeenareeeennnaeas 42
18. Remaining food ProCeSSING QUANTITY ...cccuvieieiiiiecciiee e ettt et e et e e ette e e e ette e e e e ttee e etbeeeesabeeeeessseesassaaeeensseseeassaesennsenas 43
19. Production quantity already @SSIZNEM ........oiecviiiiiiiie e cee e e st e e e e e s are e e s b e e e e nat e e e aa e e e eraeeeennreeeennaaeas 44
20. Remaining production quantity t0 be asSiZNed ...........eeviiiiiiiiiiii e e 44
B Y=Y o - TTa YT T= 48 o T o Yo 18 o1 [ o [ PSR SURRRN 44
R T o] ot B U] T o T S UPR R 44
P TR o T o o (o1 VY T T f USRS 48
24. Non-livestock commodity unit conVersion fOrMUIA .......c..coiiciiii i e e e e aee e e e treeeeaees 55
25. Non-livestock commodity unit Weight FOrmula ..........ooieiiii i e e e e e e 55
26. Livestock commodity unit CONVErsion fOrMUIG.......cuiiiieiiiii e e e s e e e e e e s aae e e saaeeeesnreeeennes 56
27. TrAOE UNTE VAIUE ..ttt ettt e sttt e e e s a bt e e e sttt e e s abteeesabbeeesabeeesanbeeesaabeeesannbaeesansaeessabeeesnnes 56
2 I e Y YU N =Te o [UF- 0] 1 Y2 USSR 57
29. Imputed food supply — ENEral FUNCLION .......eiiii e e et e e e e e s e ta e e e e e e e e e nbaaaeeeeas 63
{0 I T o 1= T oy o 1T | =1 o Y SRR 64
B oY= 2 FoT = Y=ol | or=) 4[] o NP U UUPR R 64
Y=Y 4 (T [ Ty o =T Tot- 1 o [ o I USSR 64
R o BT YV Y I oY=l [or= Y o [o] o NSRRI 64
7 P T AT VAN 1WA 1Tl [ <o o) o I od =1 - USSR 65
R VT oY o] AV AT ool [N T [Ta Y= o Yol <SRRI 68
36. SUPPIY EXCIUAING STOCKS ..eeiiiiiiieiiee ettt et e e st e e e et e e e sneeeeesataeeeansseeessnseeeeansaeeeansseeesnseeessnsseenanes 68
A VT oY o] AV [T Y=Y [ 4 =Y o Vo P U UUPR R 68
38. Estimation of SUPPIY INCIUAING STOCKS ....ceuvviiiiieie et e e e e e e e ate e e s aae e e e s ta e e eenteeessnneeeesnsreeeannes 68

viii



39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

Estimation of stocks variation

[ T=To I o] -1 ol OO ST OO RUPPRPPRRUPPROt
Biological requirements by SPECIES — VEISION L ......coiuiiiiiiiiiieiiii ettt ettt st sbee st e s bt e sbeeesneeeane 73
YNV =Yool oo oY qTor= T I Z=Yo [0 1 Yo 1 T=T o S 74
ANTMAL UNTE INOEX ctttitiiti ettt s et e e e st e e e sat et e sttt e e e s beeesaaseeeesasaeeessbaeesassaeessaseeeeennseeessnssaeesnssenenns 74
Biological requirements by SPECIES — VEISION 2 ......uiiiiiiieeciiieeeeiee ettt e ettt e e e te e e e rtte e e e st ae e e este e e sasaeeesntaeeeennreeesnnnneas 74
(BT o= g Lo I fo g £T=To F TSR PP

RESIAUAI ABMANG ..ottt ettt et e e bt e e bt e s be e s bt e eabe e s beesabeesbtesabeesabaesabeeenbeesnbaesbaesbaesnanennns
Availability share of a potential feed item
Feed quantity assignment
2T Te FoTa oI =1 =Yt i o Vo o [ IS PSRRI
Error component of the random effect MOl .........cocviii i e e e anaeas
Logit transformation of the random effect model
Average ratio of the area sown
IMPULAtioN Of the @rEa SOWN ..ciiiiiiii ettt b et e sbe e s bt e s bt e s abe e e beesabeeeseesbeesnneenane
Seed use hierarchical MOEI — 1BVl L.....c..ui ittt et et sba e s be e e saae e sate e sabeesateesaseenaeas
Seed use hierarchical MOl — IEVE] 2......cc.ueiiiiiiee e e et e e st e e s aae e e sbt e e s esaaeeesensaeeesnseaeens
Seed use hierarchical MOEI — 1BVl 3....c..uii ittt e sba e e bt e e s bt e e sate e sabeesateesaseenaeas
StOCKS @S @ DAlaNCING IEEIM c..eiiieee ettt et e bt e sht e e bt e sbe e e bt e e saee s bt e e sseesbeeesaneeneas
Threshold for estimation of stocks variation during balanCing ..........ccceeioiiiieiiiii e e 94
Final estimation of stocks variation during balanCing ...........coceiiiiiiiie e
Food residuals computation during bBalanCing .........coouiieiiiiie e e st et e e et e e e e ar e e e eeanaeas
Share of a single element in simple proportional balancing
Post balancing value for a generic non-protected variable in simple proportional balancing

Share of a single variable in constrained proportional balanCing..........ccocuiiiiiiiiiinieii e 96
Non-protected availability ratio of a single variable in constrained proportional balancing .........ccccccccveeieciieecnnen. 96
Minimum and maximum ratios of a single variable in constrained proportional balancing..........cccceceeevieriiieneenne 96
Minimum and maximum values in constrained proportional balanCing........c.ccccviviiiiiiiiiiiiii e, 96
Post-balancing value for a generic non-protected variable in constrained proportional balancing ........c.ccccceee....... 97
Standardization of food ProCesSiNG QUANTITIES .......cc.uiieiiiiie ettt et e et eeeate e e stre e e e sateeeeensaeeesareeeans 105
Standardization of SUA components

Standardization of nutrients..........cccceeueenee.




Preface

Acquiring accurate and timely statistical data is crucial for shaping effective strategies in agrifood systems, directly
impacting living standards across nations. Since its establishment in 1945, the Food and Agriculture Organization
of the United Nations (FAO) has prioritized the development of comprehensive food and agricultural statistics,
recognizing data as the cornerstone for understanding agrifood systems and promoting necessary measures. Food
balance sheets (FBS) are pivotal statistics that provide comprehensive insights into national food consumption
patterns, levels and trends. Compiled by the FAO Statistics Division for over 180 countries and territories, FBS offer
an in-depth view of countries’ food supply and use patterns.

This handbook provides an essential description of the methodology used by FAO to develop FBS. It aims to
familiarize Member Nations, food budgeting institutions, and other interested parties with the core processes
involved in data collection and imputation strategies specifically for agricultural and livestock products. While
offering a detailed overview of these internal FAO procedures, the handbook is not intended to be a manual for
countries to compile their own FBS. Moreover, as this is not a technical manual, it does not make explicit reference
to coefficient values or other numerical parameters mentioned; these fall outside the scope of this handbook and
can be found on the FAOSTAT database. Additionally, this handbook does not address data sources or imputation
procedures for fisheries or forestry. Innovative and refined techniques for compiling supply utilization accounts
(SUAs) for more than 500 primary and derived products are presented. The SUAs undergo a rigorous process of
transformation into over 90 FBS products and their related aggregates, a process that includes imputing missing
data and ensuring that they balance. The ongoing review and continuous enhancement of these methodologies
involve a dedicated effort to ensure the creation of replicable FBS for all nations, even with limited data availability.
As advancements unfold, this handbook will be updated to incorporate the latest recommendations for FBS
compilers, reflecting the evolution and advancements in this critical domain.

The handbook begins by offering a brief historical context and defining fundamental concepts pivotal to FBS
compilation. It outlines the framework used and then delves into each component of SUA and FBS equations. A
comprehensive examination of the methodological intricacies involved in compiling SUAs for various variables
such as production, trade, loss, food, feed, seed, stocks, industrial utilization and tourist consumption is also
provided. Furthermore, the handbook explains the methodology for computing commodity balances and provides
examples of both SUA and FBS compilations.

Updated versions of the current methodology have been in use since 2014. The most current methodologies for
the compilation of SUAs/FBS differ from those used in the past on some key features that will be further explained:
the substitution of the FAOSTAT commodity list (FCL) with the United Nations Central Product Classification (CPC)
and the absence of a balancing variable. Formerly, one of the components of the SUAs/FBS (often stocks, industrial
utilization or feed) would compensate for unbalanced amounts, causing statistical errors, while the current
balancing methodology assigns part of the imbalance to the stocks and to food in a manner that is in line with the
historical data series and, for the remaining part, assigns the imbalance proportionally to the other uses through
bounded maximum algorithms.

The FBS data have been updated in FAOSTAT, and the latest version of the methodology was applied backwards
to the 2010-2013 period to produce a consistent time series from 2010. Calculations of per capita figures and
other variables for all years were also updated with the latest population figures from the United Nations
Population Division.
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INTRODUCTION

INTRODUCTION

Overview

Food balance sheets (FBS) are a structured representation of a country’s food availability, presented as an
accounting of the supply and use of resources and food during a specified reference period. It also provides insights
into the potential sufficiency of energy intake using the dietary energy supply (DES), a key indicator representing
the average caloric availability for the entire population of a country or on a per capita basis.

The overall process for compiling FBS starts with the preparation of a supply utilization account (SUA) that provides
data on the supply and utilization for each food product (primary and derived) in a country expressed in terms of
the given primary product. To determine the available supply during a specific period, the total quantity of
domestic production (adjusted for changes in stocks) is added to the total quantity of imports. On the utilization
side, the main categories comprise exports, livestock feed, seed usage, manufacturing of food and non-food items,
storage and transportation losses, and food available for human consumption.

FBS are calculated from SUAs to produce a harmonized set of variables that express all products in terms of
primary commodities. The FBS therefore provide a clear and comparable picture of food production patterns and
utilization trends that facilitates a comprehensive understanding of a country’s food security status and may aid
in global food policy formulation and evaluation.

The process of creating FBS often starts with a limited set of hard statistics. For many countries and many products,
actual measurement of the variables in the account is entirely absent or, where available, is associated with large
implicit or explicit measurement errors. Therefore, FBS require many, and often particularly complex, methods for
the imputation of missing data, computation, and estimation of variables.!

The first attempts at preparing FBS date back to World War |. FBS were the major source of data when, in 1936,
at the request of the League of Nations Mixed Committee on the Problem of Nutrition and its Subcommittee on
Nutritional Statistics, a systematic international comparison of food consumption data was prepared. During
World War Il, the interest in FBS increased considerably and they were the main source of data used by FAQO in the
assessment and appraisal of the world food situation in the six World Food Surveys conducted between 1946 and
1996. Today, FBS are widely used for calculating indicators and as tools for policymaking.

Over time, FBS and SUAs have undergone methodological changes. They were first published in a standardized
format in 1984. Since 2014 the FAO Statistics Division (ESS) has been regularly reviewing and revising the
methodological approaches for all its products, including all the databases it maintains, their underlying and
accompanying metadata and the approaches for imputing missing data.

The present handbook focuses on the methodology currently used by ESS for the compilation of SUAs and FBS. It
builds upon the foundations laid by the Guidelines for the compilation of food balance sheets drafted in 2017 by
the Global Strategy to Improve Agricultural and Rural Statistics. These guidelines were designed to provide
countries with a user-friendly handbook facilitating the construction of country-level FBS for policy analysis. This
handbook, while describing FAO’s methodology for compiling FBS, is not a manual but takes a distinct approach
and scope, drawing extensively from these earlier guidelines. It aims at national FBS compilers and also at a wider
audience, including policymakers, researchers and stakeholders in the agricultural sector. By providing insights
into the methodology and its significance, it seeks to enhance understanding of the processes involved in FBS
compilation and their implications for food security and agricultural development.

1The difference between imputation, computation and estimation can be found in Section 2.3.
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Uses of food balance sheets

An increasing number of countries compile comprehensive FBS, although the exercise can be time-consuming and
requires additional resources for agricultural statistics production and analysis. The rising interest in compiling FBS
is due to the significant value of the data generated from this process, as well as the numerous potential
applications of that information. Several potential applications showing the benefit of FBS to national statistical
systems on food and agriculture are provided below.

Measuring and analysing overall food supply

One of the most important pieces of information for users of FBS is the measure of overall average calorie supply
in a country provided using the DES. As previously defined, this is a measure of the amount of food available, even
if it does not consider factors such as food waste, food loss or individual dietary preferences and habits. Although
it cannot accurately reflect the actual amount of nutrients consumed by individuals, it is still a useful tool for
identifying potential food scarcities or imbalances at the national level, which can inform policy and interventions
to improve food security. Compiling FBS over several years will enable users to track changes in the food supply
over time, including estimated total caloric availability, growth of consumption in new products, and general
changes in dietary composition, providing some insights into overall trends in food consumption. While this is
possible in principle, the observed changes refer only to the average diet and conclusions cannot be made about
overall diet quality. While the average diet may appear in line with dietary guidelines in terms of volume and
composition, the average may mask unhealthy over- and undernutrition.

Providing input for policy analysis aimed at ensuring food security

Uses of the FBS data include informing government policies and serving as foundational inputs for analysis. Using
FBS, countries, international agencies and researchers can look for any shortfall or surplus in a nation’s dietary
energy and nutrient intake and can identify countries above or below certain standards (Pinstrup-Andersen, 1993).
Published literature makes wide use of FBS (Jacobs and Sumner, 2002), most often citing DES and fat and protein
intake (Grigg, 1993; Hopper, 1999; Pinstrup-Andersen, 1993; Svedberg, 1999; Trueblood, Shapouri and
Henneberry, 2001; Smil, 1987).

Medical applications and research using food balance sheets

The medical community has also used FBS to explore the relationships between caloric intake, the types of protein,
and amino acids in the diet (Hopper, 1999; Young and Pellett, 1990; Kazuo, 1991) or to investigate connections
between diet and health, especially cardiac health, and cancers (Sasaki, 1992; Helsing, 1995).

Calculation of derived economic and food security indicators

The DES is a standard output of the FBS, and also a key input to the prevalence of undernourishment (PoU) that
FAO computes to measure the percentage of individuals in the population “whose habitual food consumption is
insufficient to provide, on average, the amount of dietary energy required to maintain a normal, active and healthy
life” (FAO, IFAD, UNICEF, WFP and WHO, 2024). Measuring the PoU requires modelling the probability distribution
of habitual dietary energy intake levels for the average individual; the DES is used to estimate the dietary energy
consumption value, which is one element characterizing this distribution. Together with the minimum dietary
energy requirement, food security analysts can calculate the number and percentage of people in a population
without access to sufficient calories.

FBS are the basis for many other indicators of food security. The most straightforward indicators are simple ratios
such as the self-sufficiency ratio, which compares a country’s agricultural production to its domestic utilization,
and the imports dependency ratio, which compares a country’s imports to its domestic utilization. FBS also provide
inputs into policy measures such as the producer and consumer support estimates, which are updated annually
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by the Organisation for Economic Co-operation and Development (OECD). The trade component of the FBS feeds
into the aggregate measure of support used by the World Trade Organization (WTO).

Providing input for economic models

FBS are included in some prominent partial equilibrium models of the food and agriculture sector, such as the
joint OECD—FAO AGricultural LINKage - COmmodity Simulation MOdel (Aglink-Cosimo) used to inform the OECD-
FAO Agricultural Outlook series.

Food balance sheets and the monitoring of the Sustainable
Development Goals

In September 2015, the Member States of the United Nations officially adopted the 2030 Agenda for Sustainable
Development (UN, 2015), which encompasses 17 global Sustainable Development Goals (SDGs) and 169 targets.
The Agenda applies to every country and is to be implemented by 2030. In fact, the comprehensiveness of the
SDG indicators is such that they will most likely contribute to reference points for monitoring countries’ progress
even beyond 2030. While the many objectives span poverty alleviation, climate change mitigation, and natural
resource conservation, food and agriculture occupy a central position in the 2030 Agenda. FBS underpin two of
the 21 SDG indicators under FAO custodianship. First, as explained above, information on the DES is used to
compute the PoU (Indicator 2.1.1), which is an essential component for the evaluation of Target 2.1, which is to
“end hunger and ensure access by all people, particularly those in vulnerable situations, to safe, nutritious, and
sufficient food all year round by 2030”. Second, data on post-harvest losses are a critical input for the calculation
of the global Food Loss Index (Indicator 12.3.1.a), used to evaluate progress towards Target 12.3, which calls for
the “reduction of food losses along production and supply chains, including post-harvest losses, and halving of per
capita global food waste at the retail and consumer levels by 2030”

Interpretation of food balance sheet estimates

FBS are the most comprehensive data related to food product supply and utilization available for many countries.
The data are regularly revised, and methodologies refined to improve data quality and consistency. Overall, FBS
provide a wealth of information and serve numerous uses. However, there are also limits to the applicability and
usefulness of FBS estimates. FBS compilers and users must be aware of these limitations and of the potential errors
in the estimates.

When analysing FBS, it is important to consider the definition of per capita dietary energy supply, i.e. the food
supply (expressed in kcal/capita/day). This is an estimate of the per capita amount of energy (kcal) in food available
for human consumption, which is sometimes confused with “effective food consumption”. Essentially, FBS
estimates reflect the availability of food that is intended for human consumption and available for purchase at
the point of sale. More appropriately, this is sometimes referred to as “apparent food consumption”. This differs
from “effective food consumption”, that is, the actual quantity of food purchased or subsequently ingested by an
identified group of individuals. Because FBS estimates do not account for food waste at the retail or household
levels, incorrect interpretation would imply much higher and unrealistic levels of purchase and consumption.

FBS results require careful interpretation; further details of the differences between food availability as
represented in the FBS and food consumption as collected by household surveys are outlined. Food availability
assessed through the FBS cannot be directly compared with food consumption data collected in household
surveys, given that the latter refer to actual purchases of goods. Differences between the two also include the
differences in coverage, with household surveys excluding collective consumption in hospitals, schools, the
military or prisons, and not always covering away-from-home consumption in restaurants, street food, etc.
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Surveys also report food consumption net of retail waste, while FBS include only food availability and include retail
waste. Household surveys may also lack representative coverage over the full reference period of FBS, which is a
calendar year. In this handbook, no systematic attempt is made to tally FBS results with food consumption or
expenditures from household surveys. An FAO working paper systematically comparing FBS estimates with results
from household surveys (Griinberger, 2014) should be consulted before using household survey results to guide
FBS food estimates.

FBS can only provide estimates of average or per capita national food or nutrient availability. They do not offer
any insights into the distribution of food and nutrient availability: users may draw inferences on the average diet,
but not on the diet of food-insecure or poor people. FBS also do not provide information about the subnational
distribution of food, the access of groups of households, or dietary habits. With these caveats in mind, FBS can
and are being used as either a contributing factor or the sole basis for analysis of food demand and supply. They
provide an approximate picture of the overall food situation in each country.

This FBS handbook offers methods for detecting inconsistencies, imputing missing data and filling data gaps. It
must be kept in mind, when considering this information, that the imputation of missing data can never replace
primary data collection, and that no model-based approach can substitute for, let alone produce more accurate
information than, data collected directly. It is therefore imperative, for countries that decide to generate national
FBS, to first take stock of the availability of food supply and utilization data; to consider the data available
compared to the data needed, and to make decisions on whether robust, consistent FBS can be built given the
remaining data gaps. Where data available for several products and variables are insufficient, it may first be
necessary to improve the domestic data collection efforts, and resume efforts to compute FBS only once sufficient
basic data are available. The Global Strategy to Improve Agricultural and Rural Statistics? provides the basis for
such an endeavour by offering cost-efficient methods for data collection and providing capacity development
support to facilitate access to these methods.

Even if most or all the data required to compile FBS are available, assembling such data may still entail considerable
challenges, owing to the diversity of sources, coverage and quality. Often, the underlying accounting structure
uses a mix of data from various sources, of diverse quality, with unknown errors. In practice, primary production
and trade data are often the only official data regularly collected, while data on the production and utilization of
derived products are virtually non-existent, or sparse at best.

This use of a variety of data sources thus requires caution when using, interpreting and verifying the results. It is
necessary to carefully examine the outcomes for quality, make appropriate corrections, and accurate
interpretations. This is especially important during the balancing process. In a supply/utilization system, the
balancing component considers the measurement errors associated with all other elements in the equation. These
measurement errors do not necessarily compensate for each other and may thus result in a biased assessment.
This makes the balancing component the least reliable or the most variable element in the FBS. To address this
challenge and improve data integration, the FAO Statistics Division has developed an approach taking into account
that all variables are measured with some degree of inaccuracy. In doing so, it avoids attributing measurement
errors solely to one element (see Section 14), and the FBS estimates can be more robust.

Structure of this handbook

The handbook explains methodologies, processes and practical procedures involved in constructing FBS. All the
stages of compiling a food balance sheet are built on the SUAs. Both FBS and SUAs encompass a range of variables
describing the supply and utilization of each product. However, all variables presented in FBS are initially
integrated into SUAs. The SUAs give a detailed breakdown of primary and derived products, presenting data for

2 See https://www.fao.org/in-action/global-strategy-agricultural-statistics/en for more information.
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the original form of each product. The more comprehensive and standardized format of the FBS is generated only
during the final aggregation step, referred to as standardization (Section 15).

Compiling information for SUAs requires many supplementary variables such as conversion factors and ratios.
These are used as a basis to assign various derived products to their primary commodity counterparts. The
relationships between derived and primary products are encapsulated in commodity trees (Section 2.6), which
serve as the foundation for coherent commodity aggregation and standardization.

Section 1 describes the methodology underpinning the compilation of FBS by FAO. Section 2 outlines the key
concepts and definitions necessary for an informed understanding of the various aspects of SUA compilation.
Section 3 explores the typologies and degrees of quality of data sources. Sections 4 to 13 outline the technical
aspects of each variable or component of the SUA/FBS identity. This methodology considers the techniques and
sources used, while also covering the imputation procedures for missing data used when compiling SUAs and FBS.
Section 14 presents the balancing procedure; Section 15 presents the standardization methodology for compiling
FBS from SUAs. Section 16 gives details on nutrient factors that can be extracted. Finally, Section 17 provides an
example of FBS compilation.






METHODOLOGY

1 METHODOLOGY

1.1  Basic identity and approach

The logical starting point of SUAs and FBS is that the total supply of a given food product must equal the total
utilization of that product in a particular country and time period.

In SUAs, this principle is typically expressed through one identity that sets total supply equal to total utilization
(Equation 1). When this occurs, the equation is balanced, and the process is referred to as balancing. The identity is:

Equation 1: Total supply = total utilization (identity at the SUA level)

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

All the variables of this equation will be defined in Section 2.

SUAs include all the variables of Equation 1 for most primary commodities and derived products that are produced
or consumed in the country. Once SUAs for these commaodities and products have been compiled, they need to
be balanced to ensure that the equation holds.

A few constraints are applied to the balancing process that limit how imbalances are redistributed among
elements of the equation to achieve a balance between supply and utilization. In principle, there are three types
of constraints:

e Thefirst constraint is that the equation holds for every commodity or product in the SUA, therefore supply
is equal to utilization for every product in the SUA. Each commodity or product is shown individually (as
a separate line or row) in the SUA.

e The second constraint reflects prior expectations regarding the DES, and forces the DES and changes to
the DES to remain within empirically sound limits. This constraint addresses potential extremes that might
arise when attempting to balance the equation but are unlikely to happen in practice, barring exceptional
circumstances such as significant economic issues or disasters.

e The third constraint limits the level and amount of change allowed for a variable (such as feed, seed and
stocks) during the balancing process. In balancing, the trend of the variable is considered, and constraints
are applied so that the balancing does not assign all the amount to be balanced to one variable only nor
for several consecutive years.

Constraints can also be applied during imputation procedures, for example in imputing feed, so that the
cumulative nutritive values such as energy or protein derived from the feed products in the SUA meet the
biological requirements of the livestock.

FBS are obtained after SUAs have been balanced: first by converting derived products to primary commodity
equivalents, and then, for each variable in the SUA, aggregating to the relevant primary commodity. Primary
equivalent products are synthetic values (including not only the primary commodity, e.g. wheat, but wheat and
products derived from wheat such as macaroni and flour, converted to their equivalent as wheat) that are
assumed to be homogeneous and comparable within and across different countries.
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The identity of FBS takes the following form:

Equation 2: Total supply = total utilization (identity at the FBS level)

production + imports — Astocks = exports + food + processed + feed + seed +
tourist consumption + industrial use + loss + residual use

Although the identity appears to be similar to the SUA, the key difference is that the SUAs compile primary
commodities and derived products in their original form while FBS standardize these to the equivalent of the
primary commodities. Therefore, SUAs contain food processing as a variable (see Section 5), but in the final
stages of FBS compilation, processed commodities are converted to their primary equivalents.

1.2  Data comparability

As emphasized in the introduction, FBS serve as the basis for comparing levels and trends in apparent food
consumption. To ensure comparability, FBS must be consistent across three major areas: item comparability, units
of measurement and reference period.

Item comparability

The FBS methodology assumes that the products compared are identical. For example, reporting production of
rice as paddy rice would not be comparable to milled rice. For instance, this distinction is important when
estimating food derived from rice as food is typically recorded based on milled rice. Depending on the milling rate,
milled rice can be roughly two-thirds of the paddy equivalent. Using a common and structured classification of
items is the best way to ensure that the same items are being referred to and are therefore fully comparable. FAO
recommends compiling FBS with the Central Product Classification system (CPC version 2.1 expanded) (United
Nations, 2015) for agricultural production and the Harmonized Commodity Description and Coding System (HS)
for trade data (WCO, 2024). Both are fully described in Section 2.5.

Units of measurement

Data comparability also requires the use of common measurement units across all products and countries.
Products may be reported in different units (tonnes, thousand tonnes, quintals, etc.). FAO recommends using the
measurement units described in Section 2.4 for all countries, ensuring full data comparability. These units of
measurement are defined in the corresponding FAO statistical standard (FAO, 2023a).

Reference period

The third concept related to data comparability is the choice of the reference period of reporting, which can be
defined as marketing year, fiscal year or calendar year. A common definition of the reference year should be
decided for all variables in the FBS.

The marketing year, also known as crop year or agricultural year, refers to the period starting in the month the
majority of the crop is harvested. The fiscal year is defined by governments for accounting purposes and varies by
country. Finally, the calendar year runs from January to December in countries using the Gregorian calendar.

As the fiscal year is conceptually challenging and does not facilitate comparisons (since it varies by country), the
marketing year or the calendar year may be used. The main advantage of the marketing year is that it follows the
natural cycle of each season. However, it has several disadvantages: within a country, crops can be harvested at
different times of the year; the same crop can be harvested at different times in different countries; the marketing
year rarely lines up with the calendar year, complicating the comparability with trade data, which are frequently
based on the calendar year.
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FAQO’s preference is the calendar year. While the use of this period may sometimes be challenging, production is
typically assigned to the calendar year in which the majority of the crop is harvested; when this is the case the
calendar year provides a neutral reference.

1.3  New features of the current methodology

Over time, the approaches used for data harvesting and imputation, SUA compilation and FBS standardization and
compilation have evolved. This section briefly outlines and highlights the ways in which the current methodology
differs from those used previously.

International classifications adopted

The international classification considered appropriate for compiling FBS was changed from the FAOSTAT
commodity list (FAO, n.d.a) for agricultural products to the CPC. The FCL is a classification system developed and
used by FAO, originally based on the United Nations Standard International Trade Classification? (SITC). It has been
in use since the 1960s with a revision in the 1990s. The FCL comprises approximately 700 products, organized in
20 chapters, including crops, livestock, food and other related products. The FBS data produced by FAO with the
current methodology now use the CPC, which FAO recommends as it ensures comparability with other
international datasets and data collection efforts (see Section 2.5.1); countries using the CPC as a common
classification will also allow comparability with the FBS data produced by FAO.

FAQ'’s procedure for updating the SUA balance

A key difference between the current and the previous methodologies concerns the balancing procedure used for
the SUAs. In the previous methodology, the balancing was implemented during FBS compilation, after the data
were converted to primary equivalent products, and only one variable of the FBS would be used as a balancing
variable. Either one of stocks, industrial use or feed were often used as balancing variables and would therefore
absorb all the measurement and statistical errors of the other variables in the identity. With the current
methodology, the balancing is implemented in the SUA and discrepancies are proportionally allocated to each of
the variables of the identity. The imbalance is redistributed to various use variables based on the share of the
relevant use variables in total utilization. Several iterations may be required to balance the equation.

Constraints are enforced, which are discussed fully in Section 14. Examples include using a maximum number of
iterations, upper and lower bounds for the different utilizations, maximum and minimum values for each time
series. These constraints may also result in unfeasible solutions, when the equation cannot be balanced; in this
case a residual variable is included that is equal to the unbalanced quantity. Therefore, the current methodology
no longer forces the balancing of the accounts, thus reducing the risk of generating outliers in balancing variables.

Refining the imputation methods of the FBS components

All imputation methods for the different elements of the SUAs have been revised to harness a range of information
from outside the FBS, thus resulting in improved accuracy of the SUA variables and reducing the need for manual
imputation.

Updated conversion coefficients

Computing FBS uses several fixed coefficients as part of the standardization and conversion. Of particular
importance are those that reflect the decrease (or increase) in weight that occurs in the production process when
converting a derived product to a primary commodity. These “extraction rates” (see Sections 2.2 and 5.3.1) are
fixed on plausible values (or exogenous) in the current methodology, as opposed to implicit (or endogenous) in

3 See https://unstats.un.org/unsd/classifications/Family/Detail/28.
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the previous methodology. The coefficients are continuously improved, but the current approach reduces the
need for the complex ex-post allocation of the item among processed products that was used in the previous
methodology.*

Unique source for population data

Population figures affect the computation of the DES, as the total DES is divided by the number of people to obtain
the quantity of nutrients available per person in a particular country and year. To ensure consistency in its
international datasets and improve the consistency of FBS estimates, FAO only uses population data from the
United Nations Population Division, which is based on a harmonized methodology. In principle, FBS can be
computed using different population data, such as national population census data. This will, however, yield
different results for the DES.

Expanded nutritional information

The FBS provide information about the dietary energy supply available for human consumption in terms of
calories, proteins, and fats (macronutrients). The current FAO practice is to also generate levels of micronutrients
from SUAs, considering a broad range of nutrients. As a result, FAOSTAT data derived from SUAs for 2010 onwards
under the Food and Diet domain contain information on carbohydrates, minerals, macro-, and micronutrients,
thereby increasing the available data on dietary energy supply (see Section 16).

4 To improve the extraction rates, ESS is collaborating with different institutions, including the International Fruit and Vegetable Juice
Association (IFU) and the International Association for Cereal Science and Technology (ICC). As further described in Section 5.2, these
collaborations have resulted in revised extraction rates and parameters describing losses that occur during the different processing
stages, obtained from processing companies for selected fruits, cereals and derived products.
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2 CONCEPTS AND DEFINITIONS

2.1 Main variables

Both SUAs and FBS present simple balances between supply and utilization (Equation 1 and Equation 2). They
include production, imports and stock withdrawals on the supply side, and exports, food (of the resident
population), tourist consumption, feed, seed, post-harvest loss, industrial use and stock additions on the utilization
side. These variables, based on the methodology adopted and recommended by FAO, are defined as follows.

Production

The Crop and Livestock Production and Utilization questionnaire (FAO, n.d.b) defines crop production data as “the
actual harvested production from the field orchard or garden, excluding harvesting and threshing losses and that
part of crop not harvested for any reason”. Production therefore includes the quantities of the commodity sold in
the market (marketed production) and the quantities consumed or used by the producers (auto-consumption).
When the production data available refer to a production period spanning two successive calendar years® and
allocation to each year is not possible, it is usual to attribute the data to the year where most of the production
occurred. Crop production data are reported in tonnes (t). For livestock primary products, the questionnaire
defines meat production in terms of the dressed carcass weight of “all animals of local and foreign origin
slaughtered within the national boundaries” (FAO, n.d.b). For derived (processed) products, production refers to
the total amount of output after processing.

Trade

Trade refers to all transboundary flows of food items destined for, or originating from, a given country. More
precisely, imports are transboundary flows of goods destined for a given final destination country that are added
to the total supply of goods available in that country, while exports are transboundary flows of goods from a given
country of origin that take away from the total availability of goods in that country. As a general rule, trade quantity
refers to net weight, excluding any sort of container. Trade includes exports, re-exports, imports and re-imports.
Products that enter and exit the borders of a given country without undergoing any alteration are classified as re-
imports and re-exports, respectively. Furthermore, the estimation of imports and exports figures should
encompass both official and unofficial trade, including food aid deliveries. For specific countries and products,
unrecorded trade flows might be considerable, and potentially have a significant impact on assessments of food
availability.

During data collection, exports and imports of derived and primary products are often reported in their initial units
of measurement. These can be heads, pieces or measures of volume such as litres, hectolitres, bushels, barrels, or
bales. The FBS/SUA methodology requires all variables to be expressed in tonnes, and therefore all trade data are
converted into tonnes.

Food supply

Food in the FBS definition refers to “all quantities available for human consumption, either direct by the producers,
available for human consumption at the retail level or processed for food use.” (FAO, n.d.b). This variable (also
called food availability or food supply) presents the amount of food reaching the retail level and therefore includes
all waste and losses that occur at or after retail. Hence, food amounts in the FBS are typically higher than the
amounts of food reported by other methods, such as household income and expenditure surveys or nutrition
surveys (which exclude certain amounts of waste). In contrast, food in the FBS includes all waste of edible products

5 As mentioned in Section 1.2, FAO uses the calendar year as the reference period for FBS compilation.
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occurring in shops, supermarkets or households, such as during storage, in preparation and cooking, as plate
waste, fed to domestic animals and pets, or otherwise discarded. It also includes food consumed in communal
settings, including hospitals, schools, restaurants, military establishments and prisons.

Feed use

Feed use (thereafter referred to as feed) refers to “quantities fed to animals, whether direct or used to produce
compound feed” (FAO, n.d.b). It excludes all feeds that could neither be used as foodstuffs nor destined for human
consumption, including roughages and by-products, such as oilcakes, distillers dried grains with soluble (DDGS),
and dregs. These feedstuffs are considered in the calculation of total feed use in the SUA but are excluded from
the FBS calculations and presentation.

Seed use

FAO defines seed use (thereafter referred to as seed) to include all amounts of the product in question used during
the reference period for reproductive purposes, such as seed, sugar cane planted, eggs for hatching, whether
domestically produced or imported. This definition includes double or successive sowing or planting of the seed,
whenever it occurs. Seed use also includes the quantities needed for the sowing or planting of crops for use as
fresh fodder or food (e.g. green peas, green beans, maize for forage), at least when this information is available.
On average, the amount of seed needed per hectare planted in a given country and for a given crop does not vary
greatly from year to year but may vary over time as productivity-enhancing technologies are adopted.

Food losses

Crop and livestock product losses (thereafter referred to as losses or loss) cover “all quantity losses along the
supply chain for all utilizations (food, feed, seed, industrial, other), up to the retail/consumption level. Losses of
the commodity as a whole (including edible and non-edible parts) and losses, direct or indirect, that occur during
storage, transportation and processing, also of relevant imported quantities, are therefore all included” (FAO,
n.d.b). Food waste occurring at the retail and consumption level (FAO, 2019) is not part of this definition. Figure 1
provides an overview of losses (and waste) along the entire value chain and distinguishes those covered in the FBS
from those outside the FBS.

Industrial use

Industrial use refers to the quantities of the product used during the reference period for non-food purposes such
as the production of biofuels, paints, detergents and cosmetics.

Tourist consumption

Tourist consumption (thereafter referred to as tourist) comprises the food allocated to non-resident visitors during
their stay in the country. This variable covers food availability for all non-residents, including tourists, business
travellers and non-resident migrants, when the latter are not counted as part of the country’s population. In this
case, the term consumption does not represent food consumed as measured by household or other surveys but
represents the available supply.

Stocks

Stocks refer to amounts of food allocated to or taken from storage for use at later stages in the food supply chain.
This includes stocks held at all levels of the supply chain, from production up to, and including, retail.

Food processing

Food processing refers to manufacturing processes that transform the product used as an input into an edible
product, distinct from the original. These processed products may belong to the same food group or may be in a

12



CONCEPTS AND DEFINITIONS

different food group (e.g. beer made from barley). Quantities of food used to manufacture inedible products such
as soap or biofuels should be classified under industrial use and not food processing.

Figure 1: Food loss along the value chain

Outside SUA/FBS

Post-harvest*

SUA/FBS
Exports*

Processing*

Outside SUA/FBS

Note: *Storage occurs at all levels, as does wastage resulting from temperature, insect infestation, mold, deterioration, improper
transport, handling and shrinkage. ** Non-household include restaurants, hospitals, prisons, schools, armed services and food
services.

Source: Authors’ own elaboration.

Other residual utilizations

FBS compilers, both at FAO and the national level, should aim to distinctly and comprehensively identify all
individual uses, whenever feasible. However, some uses of a given product may not fit completely into the
categories mentioned above. In these cases, a category labelled “Other residual utilizations” is used to account
for quantities that have not been allocated elsewhere in the FBS methodology. This component is calculated
retroactively and functions as a balancing element. This variable is used only when the final imbalance is lower
than a small fixed percentage. As specified in Section 14, if the imbalance exceeds this threshold, the SUA remains
unbalanced, necessitating further analysis to assess the consistency of the input data.

2.2  Auxiliary variables

To produce additional indicators such as per capita use, and to facilitate standardization, additional variables need
to be collected by FBS compilers and are listed below.

Extraction rates (further defined in Section 5.3.1) are probably the most important. They are used to estimate the
amount of a processed product obtained from a primary product. Extraction rates are typically expressed as a
percentage, and are calculated as the amount of derived product that is produced using a given amount of input
product. For example, when wheat is the input product, 75 percent is extracted into flour of wheat, the derived
product.

13
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Processing shares (further defined in Section 5.3.2) are a second type of conversion coefficient to estimate the
amount of a product used as an input to the processing for a derived product. They are a percentage of the
quantity of a given product that is intended for a specific process. They are an essential component of the FBS,
both because goods can be processed into a multitude of derived products, and the primary inputs used for
creating processed goods is often unclear. For example, wheat may be processed into bread, pasta, cookies and
breakfast cereals. At the same time, those products may be derived from multiple inputs. Breakfast cereals alone
may be processed from wheat, corn, rice, oats or other grains.

The difference between extraction rate and processing shares is that the processing share gives the share of the
product used as an input to be processed into a particular derived product, while the extraction rate shows the
proportion of the input that is transformed (during processing) into the derived product. For example, from one
tonne of wheat, 80 percent is the processing share (or the amount used as an input) when producing flour of
wheat, with the remaining 20 percent used as input for other products. However, only 75 percent of this input is
extracted or transformed into flour of wheat during processing as the remaining 25 percent of the wheat kernel
goes to bran, waste, etc.

By using processing shares and extraction rates in tandem, FBS compilers can estimate the production of derived
goods, even when information is limited. Processing shares are extremely dependent upon the structure of each
country’s particular product supply chains. As such, there are no international reference sources for data on
processing shares.

Population

Population is defined by the United Nations Population Division as the “de facto population in a country, area or
region as of 1 July of the year indicated”.® The word de facto is important, because it indicates that citizens as well
as all residents should be counted in the population, thus potentially including refugees or resident migrant
workers. In addition, the people not counted as part of the population should be considered as visitors, so that
their food availability can be properly captured under tourist food. Population estimates are used to convert total
national nutrient supplies into per capita nutrient supplies. United Nations Population Division estimates are
derived through a globally consistent methodology.

Agricultural activity and unit production rate

Supplementary information is often needed to impute the variables displayed in the FBS when source data are
missing and to enhance accuracy. This information includes agricultural activity indicators such as area harvested
(the area from which a crop is gathered), area sown (the area on which sowing or planting has been carried out,
for the crop under consideration, on the soil prepared for that purpose) and the number of live or slaughtered
animals for livestock imputation (FAO, n.d.b).

Moreover, unit production rates, which indicate the production quantity per unit, are also used. They include crop
yield (both the measure of the yield of a crop per unit area of land cultivation, and the seed generation of the plant
itself), slaughtered weight (the weight of animals slaughtered within national boundaries, irrespective of their
origin) and off-take rates (the number of animals taken out from the national herd during the year to be
slaughtered in the country or exported alive). These variables will be further discussed in Section 4.

Energy and nutrient estimates

One of the primary motivations for compiling FBS is to derive estimates of food available for human consumption,
but also the amounts of energy and key nutrients such as proteins, fats and various micronutrients available for
consumption. These estimates are derived from the final food estimates in the balance sheet for each product by

6 The Glossary of Demographic Terms can be found at https://esa.un.org/unpd/wpp/General/GlossaryDemographicTerms.aspx.
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applying nutrient conversion factors to those quantities. As food products are typically eaten in their processed,
rather than primary, form, nutrient conversion factors also apply to and are available for derived products. Given
the relevance of nutrients estimates and the growing need to provide statistical information on the agricultural
and food products at the country level, in terms of weight, but also in terms of quality from a nutritional point of
view, an expanded global nutrient conversion table (NCT) has been generated to extend the quantity and quality
of data on nutrients associated with products. Section 16 provides additional details on this process.

2.3 Imputation, estimation and computation

FBS compilation involves three distinct yet interconnected processes: imputation, estimation and computation.

This handbook refers to imputation as a process that addresses gaps or missing values in the data, ensuring a
comprehensive representation of the required variables. Imputation maintains the integrity of the FBS data,
especially when dealing with incomplete information. On the other hand, estimation is used to predict values
based on available data. For example, estimation is used for trade data and primary crop production data, for
which models are built to infer data from other available information. Finally, computation is the practical
execution of mathematical and logical operations, facilitating the aggregation and calculation of various indicators,
as will be seen in the calculation of quantities of derived products using conversion coefficients (Section 5). In the
context of FBS, these processes contribute to the generation of accurate, comprehensive, and representative food
supply and utilization data, essential for informed policymaking and resource allocation.

2.4 Units of measure

After ensuring that the data compiled for the different SUA variables refer to the same products, it is important
to harmonize the units in which values are reported, so that the supply—utilization identity of Equation 1 can be
balanced. FBS compiled by FAO report quantities in tonnes, nutritional values in kilocalories (kcal) and grams (g),
persons in 1000 persons and DES in kilocalories per capita per day (kcal/capita/day). Table 1 reports the complete
list of measurement units applied in the current FBS methodology.

Table 1: Units of measure in the FBS methodology

COMPONENT NAME UNIT
Quantity t
Persons 1000 persons
DES kcal/capita/day
Energy kcal
Protein, total g
Fat, total g
Carbohydrate, available; calculated by difference g
Fibre, total dietary g
Calcium mg
Iron mg
Magnesium mg
Phosphorus mg
Potassium mg
Zinc mg
Vitamin A (expressed in retinol equivalents) mcg
Vitamin A (expressed in retinol activity equivalents) mcg
Thiamin (vitamin B1) mg
Riboflavin (vitamin B2) mg
Vitamin C mg

Source: Authors’ own elaboration.
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2.5 Product coverage and classifications

FBS include all potentially consumable products, irrespective of whether they are actually consumed or used for
non-food purposes. Creating a comprehensive list of such products is challenging and involves many conceptual
and statistical difficulties. Therefore, for practical reasons, it is necessary to adopt a pragmatic list of standardized
statistical concepts that also allows comparability. While countries may develop their own statistical classification
systems, several international statistical classifications can be adapted to meet the food and agricultural data
requirements of a country.

FAO uses and recommends international classification systems for categorizing agrifood products. As previously
mentioned, the current FBS methodology uses the Central Product Classification (CPC version 2.1) (United Nations,
2015). This replaces the previous FAOSTAT commodity list (FCL) (FAO, n.d.). The CPC was expanded from the
standard 5-digit code to a maximum of 7 digits, to include all products available in the balance. In addition to the
CPC, two other classification systems are used for the FBS. The first is the Harmonized Commodity Description and
Coding System (HS), to classify and report trade in goods. Products categorized in the HS classification are then
translated into the CPC (through correspondence tables) when creating the SUAs. The second is the FBS
commodity list, which is used for reporting and disseminating final FBS data. The classification schemes used in
the new framework are shown in Figure 2.

Figure 2: Classification scheme used and recommended by FAO for the FBS methodology

Production domain Trade domain
CPC expanded HS

&

Supply utilization account
CPC expanded

¥

Food balance sheets
FBS commodity list

Source: Authors’ own elaboration.

2.5.1 United Nations Central Product Classification

The CPC provides a coherent and consistent hierarchical structure to classify products (goods and services) based
on a set of internationally agreed concepts, definitions, principles and classification rules.

As stated in the CPC:

It serves as an international standard for assembling and tabulating all kinds of data requiring product
detail, including statistics on industrial production, domestic and foreign commodity trade, international
trade in services, balance of payments, consumption and price statistics and other data used within the
national accounts (United Nations, 2015, p. iii).

It provides a comprehensive framework within which data on products can be collected and presented in
a format that allows for economic analysis supporting decision-taking and policy-making (United Nations,
2015, p. 3).

The overall set of products is subdivided into a hierarchical, five-level structure of mutually exclusive
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categories, facilitating data collection, presentation and analysis at detailed levels of the economy in an
internationally comparable, standardized way. The categories at the highest level are called sections,
which are numerically coded categories. The sections subdivide the entire spectrum of products into
broad groupings [...]. The classification is then organized into successively more detailed categories, which
are numerically coded: two-digit divisions; three-digit groups; four-digit classes; and, at the greatest level
of detail, five-digit subclasses (United Nations, 2015, p.3).

A prerequisite that was imperative for the successful incorporation of the CPC into the new methodology involved
mapping the CPC to the previously used FCL classification. This was necessary to maintain data comparability over
time and to prevent any breaks in the data series. This required an increased level of detail in agricultural, forest
and fishery products of CPC to produce the expanded CPC for agricultural statistics (CPC Expanded), which has
been formally incorporated as an official annex to the CPC version 2.1 for primary products. This expanded form
of the CPC provides an enhanced level of granularity for agricultural products, primarily focused on primary
commodities. This involves adding an extra level, denoted by two digits, after the standard CPC hierarchy
(Ramaschiello, 2015).

For illustrative purposes, Figure 3 provides a representative example of a CPC description for mixed grain.

Figure 3: CPC expanded code 01199.02 for mixed grain

Agriculture, forestry and fishery products
Products of agriculture, horticulture and market
! gardening

: Cereals

Other cereals

{ Other cereals n.e.c.

FAOSTAT Commodity List detail (FCL 0103) £ Mixed grain

Source: Authors’ own elaboration.

To facilitate the change of classification, back-cast data and to allow full alignment between the FCL and the CPC,
the following solutions had to be adopted depending on the type of link (Ramaschiello, 2015):

- One-to-one cases were easily resolved, as old data were transferred to the new classification by assigning
codes and definitions according to the new classification, while the data remained the same.

- For many-to-one cases (see example in Table 2), data conversion was also straightforward, as data in the
FCL were aggregated into the CPC. Such aggregation entailed a loss of information, as the CPC is less detailed
than the FCL. To avoid losing information in FAOSTAT, many-to-one cases have been turned into one-to-
one correlations.

One-to-many and many-to-many links presented greater challenges. In these cases, data were converted based
on the statisticians’ best judgement according to the dominant correspondence and following the commodity
description for countries that reported trade data using more than 6-digit HS codes. Coefficients of conversion
were not calculated, as there was a risk of compromising data quality in the conversion. The conversion keys used
are 1 and 0 exclusively:

- One-to-many relations between the FCL and the CPC (see example in Table 3) were managed by identifying
the dominant correlation based on the statisticians’ best judgement, and assigning the conversion key 1.
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- In many-to-many cases (see example in Table 4), which represent a minority of FCL-CPC correlations, the
target classification (CPC version 2.1 expanded) was modified and aligned to the source classification (FCL).

The examples below show the source FCL code, the relevant code in the CPC version 2.1 expanded, and the final
mapped code as implemented in FAOSTAT (CPC version 2.1 expanded in FAOSTAT).

Table 2: FCL-CPC many-to-one link example

FCL CPC version 2.1 expanded CPC version 2.1 expanded in FAOSTAT
Code Description Code Description Code Description
0430  Okra 01239 Other fruit-bearing 01239.01 Okra
vegetables
0463 Other vegetables fresh 01239.90 Other fruit-bearing
n.e.c. vegetables n.e.c.

Source: Adapted from Ramaschiello, V. 2015. CPC implementation and other activities on classifications in FAO. Paper presented at
the Meeting of the Expert Group on International Statistical Classifications, 19-22 May 2015. New York, United Nations Statistics
Division. https://unstats.un.org/unsd/classifications/expertgroup/egm2015/ac289-16.PDF

Table 3: FCL-CPC one-to-many link example

FCL FCL to CPC conversion factor code CPC version 2.1 expanded in FAOSTAT

Code Description Code Description
. 1 01314 (agriculture) Dates, fresh
0577 Dates (fresh+dried) 0 214190.03 (food products) Dates, dried

Source: Adapted from Ramaschiello, V. 2015. CPC implementation and other activities on classifications in FAO. Paper presented at
the Meeting of the Expert Group on International Statistical Classifications, 19-22 May 2015. New York, United Nations Statistics
Division. https://unstats.un.org/unsd/classifications/expertgroup/egm2015/ac289-16.PDF

Table 4: FCL-CPC many-to-many link example

FCL CPC version 2.1 expanded CPC version 2.1 expanded in FAOSTAT
Code Description Code Description Code Description
0603 Other fruit tropical, Other tropical and 01319 Other t.roplcal frmt.s, n.e.c..
n.e.c. 01319 . . (excluding subtropical fruit)
subtropical fruits, n.e.c. Other fruit, n.e.c. (including
0619  Other fruits, n.e.c. 01359.90 Other fruits, n.e.c. 01359.30 subtropical fruit)

Source: Adapted from Ramaschiello, V. 2015. CPC implementation and other activities on classifications in FAO. Paper presented at
the Meeting of the Expert Group on International Statistical Classifications, 19—-22 May 2015. New York, United Nations Statistics
Division. https://unstats.un.org/unsd/classifications/expertgroup/egm2015/ac289-16.PDF

FAO uses the CPC version 2.1 expanded for its production surveys; production data are available using both the CPC
and the FCL. This structure is well suited to FBS compilation, as products are aggregated at the primary equivalent
level in the commodity trees. It is recommended that countries map from their national codes to the CPC version
2.1 expanded, so that national FBS can be harmonized with the international methodology used by FAO.

An additional benefit is that many statistical concepts and definitions listed in the CPC are based on the HS (see
below), which greatly facilitates the comparison of production and trade data in the FBS context.

2.5.2  Harmonized Commodity Description and Coding System

The HS is a classification developed by the World Customs Organization. It is the most widely used classification
for international trade, as it is used by over 200 countries and covers 98 percent of international merchandise
trade (WCO, n.d.). The classification is updated every five years, and the latest version (HS 2022) entered into force
on 1 January 2022. The HS consists of over 5000 commodity groups, which are structured into 21 sections,
99 chapters, four-digit headings and six-digit subheadings. The six digits are included in the first 97 chapters and
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can be broken down into three parts. The HS harmonizes the codification of products in a six-digit scheme (HS-6).
The first two digits (HS-2) identify the chapter the goods are classified in (for example 09 = coffee, tea, mate and
spices). The next two digits (HS-4) identify groupings within that chapter (09.02 = tea, whether or not flavoured).
The next two digits (HS-6) are even more specific (09.02.10 = green tea [not fermented]). Chapters 98 and 99 are
for national use only. Most customs administrations, however, use ten or more digits in their commodity coding
systems at the tariff line level, with the first six digits being the HS code. This ensures data comparability (given
that more than 200 countries already use this classification) and ease of mapping with the CPC. The United Nations
Statistics Division offers a correlation table between HS 2017 (up to HS-6 codes) and the CPC version 2.17 to
streamline data mapping across these classifications.

2.5.3  FBS commodity list

The FBS commodity list (Table 5) is a hierarchical classification of the standardized commodities used in the FBS.
It is not used when compiling the SUA. Therefore, the FBS has its own commodity code list that ensures the full
comparability of data across time and countries. This classification includes primary crops, livestock and fish
products that also include derived products after they have been standardized to primary equivalents. The terms
in the classification refer to a primary product but also include the wording “& products” because the classification
includes both primary products and the derived products converted to primary equivalents.

Table 5: FBS complete commodity classification tree

FIRST LEVEL OF SECOND LEVEL OF
FBS GROUP AGGERGATION AGGREGATION TOTAL

WHEAT & PRODUCTS; BARLEY & PRODUCTS; MAIZE &
PRODUCTS; RYE & PRODUCTS; OATS & PRODUCTS;
MILLET & PRODUCTS; SORGHUM & PRODUCTS;
CEREALS, OTHERS & PRODUCTS; RICE & PRODUCTS
(MILLED EQUIVALENT)

CEREALS & PRODUCTS
EXCLUDING BEER

POTATOES & PRODUCTS; CASSAVA & PRODUCTS;
SWEET POTATOES; ROOTS & TUBERS, OTHER &
PRODUCTS; YAMS

STARCHY ROOTS &
PRODUCTS

. SUGAR CROPS (EXCLUDING
SUGAR CANE; SUGAR BEET PRODUCTS)
SUGAR, NON-CENTRIFUGAL; SUGAR (RAW SUGAR & SWEETENERS

EQUIVALENT); SWEETENERS, OTHER; HONEY VEGETAL PRODUCTS ?rlé,‘iltx[l-)

BEANS, DRY; PEAS, DRY; PULSES, OTHER & PRODUCTS | PULSES & PRODUCTS
NUTS & PRODUCTS | TREENUTS & PRODUCTS

GROUNDNUTS (SHELLED EQUIVALENT); SOYABEANS
& PRODUCTS; SUNFLOWERSEED; RAPE &
MUSTARDSEED; COTTONSEED; COCONUTS & COPRA;
SESAME SEED; PALM KERNELS; OLIVES; OILCROPS,
OTHERS

OILCROPS (EXCLUDING
PRODUCTS)

SOYABEAN OIL; GROUNDNUT OIL; SUNFLOWERSEED
OIL; RAPE & MUSTARD OIL; COTTONSEED OIL;
PALMKERNEL OIL; PALM OIL; COCONUT OIL;
SESAMESEED OIL; OLIVE & RESIDUE OIL; RICEBRAN
OIL; MAIZE GERM OIL OILCROPS OIL, OTHER

VEGETABLE OILS &
PRODUCTS

7 See https://unstats.un.org/unsd/classifications/econ. For a more detailed correspondence between HS 2017 (up to HS-10 codes)
and the CPC version 2.1 expanded, researchers can refer to https://www.fao.org/statistics/caliper/en.
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FIRST LEVEL OF SECOND LEVEL OF
FBS GROUP AGGERGATION AGGREGATION TOTAL
TOMATOES & PRODUCTS; ONIONS, DRY; VEGETABLES & PRODUCTS

VEGETABLES, OTHER & PRODUCTS

ORANGES, TANGERINES, MANDARINES & PRODUCTS;
LEMONS, LIMES & PRODUCTS; GRAPEFRUIT &
PRODUCTS; CITRUS, OTHER & PRODUCTS; BANANAS; | FRUITS & PRODUCTS
PLANTAINS; APPLES & PRODUCTS; PINEAPPLES & | (EXCLUDING WINE)
PRODUCTS; DATES; GRAPES & PRODUCTS
(EXCLUDING WINE); FRUIT, OTHER & PRODUCTS

COFFEE & PRODUCTS; COCOA BEANS & PRODUCTS;

TEA & MATE STIMULANTS

PEPPER; PIMENTO; CLOVES; SPICES, OTHER | SPICES

WINE; BEER; BEVERAGES, FERMENTED; BEVERAGES,
ALCOHOLIC; ALCOHOL, NON-FOOD ALCOHOLIC BEVERAGES

INFANT FOOD; MISCELLANEOUS | MISCELLANEOUS

BOVINE MEAT & PRODUCTS; MUTTON & GOAT MEAT
& PRODUCTS; PIGMEAT & PRODUCTS; POULTRY
MEAT & PRODUCTS; MEAT, OTHER & PRODUCTS

MEAT (SLAUGHTERED) &
PRODUCTS

OFFALS, EDIBLE | OFFALS

FATS, ANIMALS, RAW; BUTTER, GHEE; CREAM; FISH,

BODY OIL; FisH, LIVER ol | ANIMAL FATS & PRODUCTS

MILK & PRODUCTS
MILK & PRODUCTS (EXCLUDING BUTTER) ‘ (EXCLUDING BUTTER) ANIMAL PRODUCTS

EGGS & PRODUCTS | EGGS & PRODUCTS

FRESHWATER FISH; DEMERSAL FISH; PELAGIC FISH;
MARINE FISH, OTHER; CRUSTACEANS;
CEPHALOPODS; MOLLUSCS, OTHER; AQUATIC
ANIMALS, OTHERS

FISH, SEAFOOD & PRODUCTS

AQUATIC PRODUCTS, OTHER

MEAT, AQUATIC MAMMALS; AQUATIC PLANTS & PRODUCTS

Source: Authors’ own elaboration.

The column ‘FBS group’ shows the groups usually reported in FBS. These can be aggregated into the first level of
aggregation, and further into the second level of aggregation and total. All four levels are reported in FAOSTAT.
Yet, most countries choose to publish data only under ‘FBS group’ without publishing the more aggregated levels.

2.6 Commodity trees

The compilation of SUAs and FBS is based on commodity trees. A commodity tree is a “symbolic representation of
the flow from a primary commodity to various processed products derived from it, together with the conversion
factors from one commodity to another” (FAO, 2001). Commodity trees stem from a primary product and show
all potential processing applications related to that product across multiple levels of processed items. Their
complexity varies based on the scope of derived products, the depth of processing levels and whether co-products
are generated throughout the processing stages.
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For a better understanding of this concept, the tree reported in Figure 4 shows that green corn can yield four
derived products: sweet corn frozen, other vegetables provisionally preserved, sweet corn prepared or preserved,
and vegetables frozen. Each arrow in the figure represents an individual production process, meaning that the
primary product allocated to one process does not contribute to any other process. The values in blue indicate the
amount of derived product obtainable from an amount of the primary commodity with that production process;
these are the extraction rates described in Section 2.2. For instance, an extraction rate of 0.35 implies that for
every tonne of sweet corn, 0.35 tonnes of frozen sweet corn is produced.

Figure 4: Green corn commodity tree: single product from each production process

Primary level First processing level

Extraction rates —9 0.35
Sweet corn, frozen

Other vegetables

provisionally preserved

Green corn Derived commodities

Sweet corn, prepared
or preserved

Vegetables frozen

0.98

Source: Authors’ own elaboration.

While this example illustrates a single product from each production process, multiple products often arise from
a single process, called co-products. An example of this is depicted in Figure 5.

Figure 5: Mustard seed commodity tree: multiple products and production processes

Primary level First processing level Second processing level

Flour of mustard ]

1.21 Margarine and
shortenings

Oil of mustard

[ Mustard seed

A Hydrogenated oils
Co-products
v and fats

Cake of mustard ]

Source: Authors’ own elaboration.

Figure 5 shows the example of mustard seed, which has multiple products and production processes. It is part of
two production processes: one yielding flour of mustard, and the other producing both oil of mustard and cake of
mustard, which are called co-products. The initial derived products (from the first processing level) are involved
in subsequent production processes. For instance, at a second processing level, oil of mustard is a raw material
for producing margarine and shortenings; and hydrogenated oils and fats. Section 15 on standardization provides
further details about commodity trees and different commodity types.
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3 DATA SOURCES AND QUALITY

3.1 Overview

Ideally, the data required for preparing FBS should come from one single source. A country therefore needs to
have a comprehensive statistical system that records all information related to each component of the food
balance sheet. As this kind of statistical system does not often exist in practice, the first step in FBS compilation is
to gather data from a variety of sources.

To collect and improve information on crop and livestock production, regular production surveys using probability-
based sampling are recommended. The FAO Statistics Division collects the majority of the statistical information
needed for the FBS it produces via an annual crop and livestock production and utilization questionnaire (FAO,
n.d.b) presented in Section 3.4. It is sent annually to FAO Members and relevant counterparts and collects national
data referring to the past three years.

The primary data source used by countries to complete the questionnaire is the official statistics on crop and
livestock production generated from crop and livestock surveys, or a mix of administrative sources and surveys.
Surveys are usually conducted by National Statistical Offices (NSOs) or Ministries of Agriculture. However, the NSO
is considered to be the coordinator of the national statistical system in countries and should confirm as official
statistics the data produced by line ministries. The Global Strategy on Agricultural and Rural Statistics (GSARS)®
has produced a variety of publications providing guidance on methods for data collection on crop and livestock
production.

For other data required for SUA/FBS purposes, FAO promotes the use of official statistics from the national
statistical system as the central source (with data often available from the NSO or Ministry of Agriculture).
However, if needed, unofficial data can also be consulted from specialized commodity international institutions,
intergovernmental institutions or research papers.

When reliable data sources are unavailable, model-based imputation of missing data is an alternative, keeping in
mind that the quality of imputed data depends on the quality of the source data. Separate imputation approaches
are recommended for each variable in the basic identity.

All the possible sources of data mentioned above can be organized into a hierarchy of three categories: official,
unofficial and imputed. These categories are considered sequentially in the compilation of FBS and are further
described in this Section 3.2. The FAO flag system for denoting data quality is presented in Section 3.3.

3.2  Hierarchy of data sources

Official

Countries are encouraged to prioritize the use of their official statistics, as FAO does and recommends when
compiling FBS. Official statistics are data produced by the national statistical system that have been confirmed as
official by the coordinator of the national statistical system. Given that FAO is an intergovernmental organization
with a core mandate to collect data from its Members, information received officially from them takes precedence
over data from other sources. FAO considers data to be official when it is received through its questionnaires. The
primacy of information obtained through official channels reflects FAO’s commitment to respecting the
authoritative status of data provided by its Members. Moreover, such data are most likely to have been compiled

8 See https://www.fao.org/in-action/global-strategy-agricultural-statistics/en.
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according to statistically sound methodologies. However, there are countries in which more than one institution
produces the same information, resulting in conflicting figures. In this case, data differences are analysed,
considering primarily the information provided by statistical authorities, notably NSOs, to explore the
methodological reasons that may explain the discrepancies and determine which figures are the most appropriate
for compiling the FBS.

Data is also used from Eurostat, or the United Nations Statistics Division Comtrade database. In these particular
cases, even though the data is taken from an international organization, it is flagged as official by FAO as the
primary source is official data from countries.

Unofficial

Where official data are not available — which is often the case for variables describing different types of utilization
— alternative sources are considered. Unofficial data may be obtained from a variety of sources: some are
international institutions specializing in specific markets, such as the International Sugar Organization;® others
may be intergovernmental organizations or research outlets, producing journal articles or journals, such as Oil
World.1°

Other available sources may be administrative data, yearbooks or monthly bulletins (considered unofficial if they
have not been confirmed as official statistics), industrial output surveys, FAO sources such as the Global
Information and Early Warning System (GIEWS), or United Nations reports of missions to countries. In some cases,
records of private firms and commodity organizations might also be helpful, which may be accessible through tax
authorities or an agreement with an industry or commodity organization.

Imputation

In the absence of empirically collected or measured data, missing information can be imputed using a variety of
statistical methods. This is a last resort, as no imputation method, no matter how sophisticated, can replace
measurement; the widely diverse imputation methods can produce a broad range of different results, which can
be considered appropriate under different circumstances. Sound imputation methods can also be applied to
triangulate measured information, thus contributing to validate data or discover inconsistencies.

While computing FBS, as in all complex statistical processes, it is essential to apply quality checks on the input
data. These include a range of operations such as vetting and adjusting units of measurement, removing outliers,
identifying potential transcription errors and filling obvious gaps. A set of principles for improving data quality is
laid out in the FAO Statistics and Data Quality Assurance Framework (FAO, 2023b).

3.3  Application of data quality flags

Incorporating data from various sources is quite prevalent in FBS compilation. However, not all the FBS data can
be deemed of equivalent quality. In 2016, a unified and standardized system of codes (also named observation
status flags) was established to increase the accessibility and clarity of data disseminated externally by FAO by
providing a clear indication of the source of the figures (or missing figures) and their quality to potential users of
FAO statistics, including international organizations that may use FAO data as input for deriving other statistical
indicators. This system of flags was updated in 2023 (FAO, 2023c), and countries may wish to adopt a similar
system of flags when compiling their FBS.

9 See https://www.isosugar.org/.
10 See https://www.oilworld.biz/.
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Table 6: Observation status code list for secondary data (including missing values) disseminated by FAO

FLAG NAME DESCRIPTION
A Official value Valu? prowded. a's official when the sourcg agency' assigns sufficient
confidence that it is not expected to be dramatically revised.
Observations are characterized as such when different content exists or a
B Time series break different methodology has been applied to this observation as compared
with the preceding one (the one given for the previous period).
Observation obtained through an estimation methodology or based on the
use of a limited amount of data (e.g. to produce a value at an early stage of
the production stage while not all data are available). If needed, additional
information can be provided through free text using the COMMENT_OBS
E Estimated value attribute at the observation level or at a higher level (in SDMX-compliant
environment). This code is also to be used when the estimation is done by a
sender agency (and flagged as such). When the imputation is carried out by
a receiver agency in order to replace or fill gaps in reported data series, the
flag to use is | “Value imputed by a receiving agency”
Value deemed to assess the magnitude which a quantity will assume at
F Forecast value some future point of time (as distinct from “estimated value” which
attempts to assess the magnitude of an already existent quantity).
Data collected on the basis of definitions or (alternative) collection methods
G Experimental value under development. Data not of guaranteed quality as normally expected
from provider.
Observation imputed by a receiving agency to replace or fill gaps in reported
. data series. This code is intended to cover all cases where a receiving agency
Value imputed by a . ) .
I receiving agenc publishes data about a sending agency that do not come from an official
gagency source in the sender agency’s reporting framework. When the estimation is
done by the sender agency, the flag to use is E “Estimated value”
L Missing value; data exist | Used, for example, when some data are not reported/disseminated because
but were not collected they are below a certain threshold.
o Used to denote empty cells resulting from the impossibility to collect a
Missing value; data - . . e
M cannot exist statistical value (e.g. a particular education level or type of institution may
be not applicable to a given country’s education system).
- Used to indicate a value which is not a “real” zero (e.g. a result of 0.0004
N Not significant
rounded to zero).
. This code is to be used when the reasons why data are missing cannot be
0] Missing value .
determined.
An observation is characterized as “provisional” when the source agency —
P Provisional value while it bases its calculations on its standard production methodology —
considers that the data, almost certainly, are expected to be revised.
Q Missing value; Used, for example, when data are suppressed due to statistical
suppressed confidentiality considerations.
S Strike and other special | Special circumstances (e.g. strike) affecting the observation or causing a
events missing value.
L This indicates existing observations, but for which the user should also be
U Low reliability . .
aware of the low quality assigned.
. Observation as received from the respondent without further evaluation of
\Y Unvalidated value .
data quality.
Value from . . . . N
. N . Observation from an international or a supranational organization that does
X international/mandated

organization

not use any flagging system in data sharing

Source: FAO. 2023. Observation Status Code List — Version 3. Statistical Standard Series. Rome.
https://openknowledge.fao.org/handle/20.500.14283/cc6208en
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Observation status flags denote an “attribute of a cell in a dataset representing qualitative information on the
value of that cell” (FAO, 2023c). They are not applied to primary microdata, because these data are described in
the metadata associated with them. They are applied to all secondary data, i.e. statistical outputs typically derived
by national statistical agencies based on primary data to analyse some social or economic phenomena. The flag
assigned to a data point affects the way that data are treated, in terms of tolerance intervals, estimations and
imputation procedures for missing data. The most recent version of observation flags used in FBS compilation are
listed in Table 6. These flags update the 2016 standard to account for the specific characteristics of the FAO
integrated statistical system.

3.4 Crop and livestock production and utilization questionnaire

The crop and livestock production and utilization questionnaire (FAO, n.d.b) introduced in Section 3.1 is composed
of a cover where details of national reporting contacts are required, and six sections for information on the
following areas: primary crop production, primary crop utilization, livestock (animal numbers and livestock
production), selected derived agricultural commodities, utilization of oils and metadata. Instructions, product and
variables descriptions are also included. From 2018, commaodities are reported in the CPC version 2.1 expanded.

FAO sends the questionnaire each year to Members, which are encouraged to return and complete it as fully as
possible (even when its data are available on the website of the NSO or line ministries). This ensures that the data
are provided in the format that can be fully used by FAO, and can be considered official, as agreed by the NSO as
coordinator of the national statistical system.
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4 PRIMARY CROP AND LIVESTOCK PRODUCTION

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

4.1 Overview

The first element to be considered in the basic identity is the production of primary crop and livestock products,
which is located on the supply side of the equation. Primary products together with the derived products
(Section 5) comprise the production variable.

4.2  Data imputation

After a quality assurance/quality control has been undertaken, the outliers removed and data gaps filled with
information available from alternative sources, the remaining gaps in the production data may be filled using
imputation procedures that rely on available time series data. The current methodology imputes production by
combining robust econometric models with the expertise and knowledge of FBS compilers at the country level.
This imputation technique considers all the information and knowledge derived from previous time series data
and integrates the previous imputation methods used by other institutions. An in-depth examination of existing
imputation methods revealed that no individual approach or model effectively produces satisfactory results across
all countries and commodities.

Hence, a methodology based on the use of multiple models was developed, which relies on two key components:
a shared theoretical framework based on the ensemble learning approach, and the concept of a “triplet” — three
parameters linked by a functional relationship.

Ensemble learning makes it possible to leverage the strengths of different algorithms and construct a prediction
model that surpasses individual procedures.

The triplet comprises the target variable (output) and two auxiliary variables, named input and productivity,
which guarantees that the values imputed by the ensemble approach align with the underlying relationships
between variables.

The triplet provides the relationship among the variables, while the ensemble approach provides the method for
imputing one or more of the variables in the triplet (and the relationship can then be used to estimate one or
more of the missing variables).

The following subsections describe the approach that FAO uses and recommends for estimating the triplets and
ensemble methods, which can also be followed by countries.

4.2.1 Triplets

The first key method in the overall process of imputing production data is the triplet. When estimating production
for each product in the agricultural production domain, FAO produces three elements (three time series) linked
by the following relationship:

Equation 3: Production triplet

output; = input; X unit production rate;
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This is the basic equation to compute the missing production quantities, and to validate the output of the
imputation since a priori information on feasible production rates and inputs associated with productive processes
is generally available. When two of the three variables are available, the third can be computed as an identity, i.e.
without statistical models. As this is not often the case, the ensemble approach needs to be used for estimation
of the variables.

Equation 4 represents the triplet used when estimating the production of crops:

Equation 4: Production triplet for crop production imputation

production = area harvested X yield

where:

- production is the total quantity (t) of crops harvested or produced within a specific area during a given
period;

- area harvested is the total area (ha) from which a crop or crops have been collected or are intended for
harvest in the previous period by the farmer; and

- yield is the quantity of a crop harvested per unit of area harvested (t/ha).

The livestock production imputation process consists of a set of six elements linked via the two triplets expressed
in Equation 5 and Equation 6 for animal and meat estimation:

Equation 5: Production triplet for animals

slaughtered animals = livestock number X of f-take rate

Equation 6: Production triplet for meat

production = slaughtered animals X carcass weight

where:

- slaughtered animals is the number (heads) of animal slaughtered;

- livestock number is the number of live animals expressed in heads;

- off-take rate is a conversion factor representing the number of animals taken out from the national herd
during the year to be slaughtered in the country or exported alive, divided by the total number of the herd
for a given reference period; and

- carcass weight identifies the quantity of meat, expressed in tonnes, that can be obtained from
slaughtering one animal.

The triplet for egg production is reported in weight (usually tonnes) and is shown in Equation 7:
Equation 7: Production triplet for eggs

egg production = laying hens X yield

where:

- egg production refers to the quantity of eggs, in weight, produced during the year by all laying hens,
whether in the subsistence or commercial sectors. It includes hatching eggs and eggs wasted at the farm;

- laying hens refers only to the females kept primarily for egg production and data are shown in thousand
units; and

- yield refers to the weight of eggs laid by one laying hen during the year.
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Egg production expressed in weight can be converted into egg production expressed in numbers by dividing the
production weight by the average weight of one egg. The average weight of one egg is country-specific (likewise,
the number of eggs may need to be converted to weight in missing years).

The triplet for milk production is reported in Equation 8:

Equation 8: Production triplet for milk

milk production = milking animals X yield
where:

- milk production indicates the quantity, in tonnes, of milk milked during the reference period from the
milking animals of the considered species;

- milking animals gives the number in heads of animals that, in the course of the reference period, have
been milked (as opposed to the total number of lactating animals). The concept of milk production excludes
the milk used for feeding young animals. The number of milking animals is lower than the number of
reproducing females in the livestock herd account.

- yield represents the average quantity of milk produced by a milking animal during the year and is reported
in kg per head. It is generally not recorded but obtained by dividing milk production by the number of
milking animals.

4.2.2 Ensemble learning

Values of the variables in each triplet are estimated via the “ensemble”. Ensemble learning refers to the process
of building a collection of simple base methods that are later combined to obtain a composite prediction (Zhou,
2009). The technique consists of building multiple learners and then combining learner models to obtain final
values. As shown by Dietterich (2000) the ensemble method reduces the risk of adopting an inaccurate value, as
it averages multiple methods, which minimizes the potential for suboptimal imputations in specific subsets of
data. Moreover, model selection is unnecessary, since all models are included in the final ensemble. Finally, from
an implementation point of view, the algorithm is adaptive and does not require constant updating. For example,
if the data-generating mechanism changes in the future, the next fit of the ensemble approach will shift weights
to models that better represent the data. Accordingly, it will not be necessary to constantly monitor and manually
update the methodologies/models.

In the production domain, the selection of methods is informed by the intention to capture the structural
variations in data across different countries and commodities. Hence, the models display diverse levels of
generality, with some geared towards capturing local variations and others aimed at representing global trends.
This is obtained by properly constraining or expanding the training dataset. For instance, if a particular country or
product has abundant data, a model will be developed by relying solely on data for this country or product.
However, in cases where the available observations are scarce for a given country or product, global trends will
be used to model the values in the country—product pair.

The model set comprises nine models, varying in complexity: mean, linear, exponential, logistic, naive,
autoregressive integrated moving average (ARIMA), locally estimated scatterplot smoothing (LOESS), splines, and
multivariate adaptive regression splines (MARS). Missing observations are imputed using a weighted mean of the
estimates of the ensemble learners for the missing time period.

During estimation, each model is associated with an extrapolation parameter, which controls the extent to which
the model can be applied beyond the range of the data. Learners that exhibit poor extrapolation are omitted.
Additionally, cross-validation is applied to evaluate the model’s capacity to explain the data.
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4.3 Imputation of primary crop production

43.1 Overview

The imputation of primary crop production starts from the estimation of yields. Once this variable is estimated,
area harvested and production are calculated to solve the triplet.

4.3.2 Imputation steps

Estimation of yield
Estimation of yield is made using Equation 4 but with yield as the subject:

Equation 9: Production yield formula

area harvested

yield = production

where:

- yield is expressed in tonnes per hectare (t/ha);
- production is expressed in tonnes (t); and
- area harvested is expressed in hectares.

If all three variables are available, any two variables can be used to cross-check the third variable. If the formula
indicates an error for one of the given variables, a time series check should identify which variable in the triplet is
not correct, for example, if the yield is higher than biologically feasible, the area harvested and production can be
examined to see which one is too high or too low. If only two variables are available, the third is computed with
Equation 9.

Estimation of production and area harvested

If data for only one of production or area harvested are available, yield is imputed using its historical time
series (using the ensemble approach described in Section 4.2.2). The other missing element would then be
calculated using the formula mentioned above.

If only the yield variable is available, production is imputed using the historical time series (using the ensemble
approach); then using the formula as above, the area harvested would be calculated.

If all three variables are missing, yield and production data are imputed using the historical time series. The
area harvested would then be calculated using Equation 4.

4.3.3  Primary crop production example: wheat

As an example, in a given country in a given year, the official data reported in Table 7 are available and the compiler
needs to impute production.

Table 7: Wheat production imputation example (part 1)

CPC CODE AND NAME AREA HARVESTED (hectare)  YIELD (tonnes/hectare)  PRODUCTION (tonnes)

0111 - Wheat 18 500 000 - -
Source: Authors’ own elaboration.

30



PRIMARY CROP AND LIVESTOCK PRODUCTION

In this case production and yield are both missing for wheat. As indicated in Section 4.2, first the yield value is
imputed using the ensemble learning approach. In Figure 6 models are represented as lines and historical data as
points). These models are combined in a weighted average (where the weights are determined by the ensemble
learning algorithm based on how well the model fits the data) to form a final ensemble of models. This ensemble
is used to predict the yield value in the current year.

Figure 6: Ensemble modelling results for yield estimates
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The final imputed value for yield in the most recent year (shown in the graph above as the last “x” representing
the ensemble imputation result) is 2.94 t/ha. This is a reasonable estimate compared to the historical time series.
Some models fit the data well (such as the logistic regression, spline and ARIMA). Some of these models perform
poorly and are omitted (in this case, the LOESS model), but by averaging together well-performing models, the
approach produces a reasonable final estimate that is entered in Table 8:

Table 8: Wheat production imputation example (part 2)

CPC CODE AND NAME AREA HARVESTED (hectare)  YIELD (tonnes/hectare) PRODUCTION (tonnes)
0111 - Wheat 18 500 000 2.9422 -

Source: Authors’ own elaboration.

With yield estimated, there are enough data to compute production for wheat using the triplet of Equation 4:

production = area harvested X yield = 18 500 000 x 2.9422 = 54 430 700

Table 9 shows the complete triplet:

Table 9: Wheat production imputation example (part 3)

CPC CODE AND NAME AREA HARVESTED (hectare)  YIELD (tonnes/hectare) PRODUCTION (tonnes)
0111 - Wheat 18 500 000 2.9422 54 430 700

Source: Authors’ own elaboration.
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4.4  |Imputation of livestock production data

44.1 Overview

The livestock production imputation process involves six variables and aims to impute the meat and non-meat
products produced from each animal. The process uses the animal triplet and the production of meat triplet as
defined in Equation 5 and Equation 6. The two functions have a common parameter, slaughtered animals,
which is the output in the animal triplet (Equation 5) and the input in the production triplet (Equation 6).

4.4.2 ltems involved

The livestock production imputation process is carried out for the 17 animal items reported in the CPC.

Table 10: Livestock items

CPC CODE ITEM NAME
02111 Cattle

02112 Buffalo

02121.01 Camels

02121.02 Other camelids
02122 Sheep

02123 Goats

02131 Horses

02132 Asses

02133 Mules and hinnies
02140 Swine / pigs
02151 Chickens

02152 Turkeys

02153 Geese

02154 Ducks

02191 Rabbits and hares
02192.01 Other rodents
02194 Other birds

Source: Authors’ own elaboration.

Several meat and non-meat items are derived from each animal. Table 11 reports the items obtained from
slaughtered cattle.

Table 11: Processed items derived from cattle

CPC CODE ITEM NAME

21111.01 Meat of cattle with the bone, fresh or chilled
21151 Edible offal of cattle, fresh, chilled or frozen
21512 Cattle fat, unrendered

02951.01 Raw hides and skins of cattle

Source: Authors’ own elaboration.

The non-meat items, such as fats, offals and skins, are considered as by-products and are less important than
primary products like meat, as they undergo no further processing. For large animals such as cattle, these by-
products are considered as primary products, and their values are calculated by applying conversion factors to the
carcass weight. In contrast, for smaller animals such as poultry, the by-products are considered as “other
processed commodities” in the FBS methodology, which does not use the imputation methodologies found in the
triplets of Equation 5 and Equation 6. Further details will be provided in Section 5.
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4.43  Workflow

The imputation process should be driven by the reliability of available information and it is highly recommended
to start by imputing missing data for livestock number, as this is an input for the estimations of the production
of items (such as meat, hides and skin) resulting from the slaughtering of animals. The complete workflow is
reported in Figure 7 while detail of the process follows for each of the triplets involved.

Figure 7: Livestock production imputation workflow
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Source: Authors’ own elaboration.

4.4.4  Animal triplet

Imputation of missing livestock number through ensemble approach

The livestock number is estimated first, using the ensemble approach because data regarding livestock are
normally available and reliable, which provides for almost all countries a solid basis to produce imputations.

Computation of off-take rates as identity and imputation of missing off-take rates using ensemble approach

The off-take rate is not collected in surveys, and is therefore computed using the relationship shown in the triplet
in Equation 5 (it is defined as the number of animals taken out from the national herd during the year to be
slaughtered in the country or exported alive, divided by the total number of the herd for a given reference period)
is connected to the natural reproduction cycle of each animal (for example, chickens reach slaughtering age in 5—
6 months, while cows need more than one year).

33



FOOD BALANCE SHEETS AND SUPPLY UTILIZATION ACCOUNTS RESOURCE HANDBOOK 2025

The resulting time series often contains many years of missing data that need to be imputed using the ensemble
approach.
Computation of number of slaughtered animals as identity

Once both the livestock number and off-take rate have been imputed, the number of missing slaughtered animals
can be computed using the triplet of Equation 5. This represents the output of the animal triplet workflow and
will be the input of meat item triplet.

4.45 Meat triplet

Number of slaughtered animals

This value represents the output of Equation 5 and is estimated using the methodology described in Section 4.4.4.
Further imputation is not needed at this stage.

Imputation and computation of the carcass weight

The variable carcass weight represents the unit production rate in the meat item triplet of Equation 5. At an
initial stage, missing values are imputed using the triplet with available official or unofficial data on slaughtered
animals and production. The results are checked against a priori external data on feasible ranges for the imputed
figures. FAO uses ranges based on data across all countries: if some data points lie outside the reported ranges,
the values are replaced by the minimum or the maximum admitted value.

Missing data that cannot be imputed using external data because more than one value in the triplet is missing,
would be imputed using the ensemble approach.

Imputation and computation of meat production

Meat production can be imputed through the ensemble approach or using the triplet depending on data
availability: if more than one variable in the triplet is missing, production isimputed using the ensemble approach
simultaneously with carcass weight; if official and unofficial figures are available for carcass weight and
slaughtered animals, production is computed using the triplet (Equation 6).

In very few cases, some carcass weight figures may be changed during the previous step; the triplet might then
need to be rebalanced through an iterative procedure so that the figures for all items are readjusted, including
the numbers of slaughtered animals (dashed arrows in Figure 7).

4.5 Eggs and milk

45.1 Eggs

Table 12 shows the correspondence between animals and their eggs.

Table 12: Animals and eggs item correspondence

ANIMAL CPCCODE  ANIMALNAME EGG CPCCODE EGGITEM
02151 Chickens 0231 Hen eggs in shell, fresh
02194 Other birds 0232 Eggs from other birds in shell, fresh, n.e.c.

Source: Authors’ own elaboration.

While the match between chickens and hen eggs is straightforward, the generic animal item “other birds” cannot
be matched to “eggs from other birds in shell, fresh, n.e.c.” as it is not completely exhaustive. This is because the
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animal category “other birds” includes eggs from many types of birds (such as duck, geese and quails); therefore
the number of laying animals starting from a specific series of livestock animals cannot be estimated. The only
option is to use the time series associated to the item “other birds”.

The key aspect of the imputation method adopted for eggs is the relationship between livestock number and
the number of laying hens (or other birds). The dependency between these numbers and livestock number is
captured through a hierarchical linear model (as opposed to the ensemble approach used for the other production
items) with a single dependent variable (laying hens or other birds) due to the need to have at least one
explanatory variable, rather than a model where the time series is imputed autoregressively. In the model defined
in Equation 10, Equation 11 and Equation 12, time is measured in years and is included to capture linear trends
over time.

The model is defined on the following three levels:
Level 1: Observational model (response variable)
Equation 10: Hierarchical model for laying hens/other birds estimation — level 1

log(laying hensi,j,k) = Sy + Bitime + ﬂzlj‘k(log(livestock number))i + &1k
log(other birds; j,k) = By + Pitime + B;, j‘k(log(livestock number))i + &5k

where:

- log(laying hensi,j,k) and log(other birdsi_j_k) are the outcome variables and represent the log of the
number of laying hens or other birds for country i, CPC group j and the unique country—code combination
k;

- Py isthe overall intercept;

- B, isthe fixed effect of time on the outcome;

- Ba,jk isacoefficient that varies at levels 2 and 3 by CPC group j and the specific country—code combinations
k, representing the effect of the log of livestock number;

- livestock number is the average estimated number of poultry livestock or other birds’ livestock of
country i; and

- & jkis the residual error term at the observation level.

Level 2: Random coefficient model for f; ; x

The coefficient B, ; , which represents the effect of livestock number i within each CPC group j and specific
country—code combination k, is modelled as:

Equation 11: Hierarchical model for laying hens/other birds estimation — level 2

B2,jx = Yo + 1,k (CPC: Country); + &

where:

- Yo is the average effect of log(livestock number) across all CPC groups j and specific country—code
combinations k;
- Yijk is a coefficient that varies by group (j, k) and models the influence of the (CPC: Country);

predictor on f3; ; ; and

- 8 x is a random error term at level 2.

This level allows the livestock number effect 8, j to vary by both CPC group and specific country—code

combinations, influenced by country-level CPC characteristics.
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Level 3: Hierarchical structure for y, j i

The coefficient y, jx, which represents the influence of the CPC: Country variable on the livestock number

effect is modelled as:

Equation 12: Hierarchical model for laying hens/other birds estimation — level 3

Yijk = ko + k1(CPC); + ¢

where:

- kg is the overall mean effect of CPC group at the country level;
- k, captures how the predictor (CPC)j influences the slope 1 ;;
- ¢, is a random effect for each CPC group j, capturing group-specific deviations from the overall mean.

The model estimates the number of laying animals proportionally to the livestock numbers. The model also
accounts for changes over time and differences among countries; the latter are captured by livestock number
in the country. If data for a particular country—code combination are sparse, then y coefficients will likely be
estimated close to 0. Thus, 8 coefficients will all have similar values close to their mean, and the model will account
only for availability within CPC groups. However, if data are available for a country or commodity, the estimates
of k will be greater than 0, and the model can reflect the individual characteristics of a single country.

452  Milk

Table 13 reports the correspondence between animals and their milk.

Table 13: Animals and milk item correspondence

ANIMAL CPCCODE = ANIMAL NAME  MILK CPC CODE MILK NAME

02111 Cattle 02211 Raw milk of cattle
02112 Buffalo 02212 Raw milk of buffalo
02122 Sheep 02291 Raw milk of sheep
02123 Goats 02292 Raw milk of goats
02121.01 Camels 02293 Raw milk of camel

Source: Authors’ own elaboration.

The key aspect of the imputation method adopted for milk is the relationship between livestock number and
the number of milking animals. The dependency between milk production and milking animals is captured
by a hierarchical linear model, following the same approach mentioned for eggs: this choice depends on the need
to have at least one explanatory variable instead of building a model (using the ensemble approach) where the
time series is imputed by only looking at past data. The equations and variables for estimating egg and milk
production are the same, with the exception that milking animals replace laying hens. The model estimates
the number of milking animals proportionally to the livestock numbers.
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5 PRODUCTION OF PROCESSED CROP AND LIVESTOCK
GOODS

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

5.1 Overview

This chapter covers the food processing variable of Equation 1 and the production of derived products computed
using this variable. The production of primary products (Section 4) and derived products together make up the
production variable.

In the FBS methodology, processed products, or derived products are assumed to be those originating from a
physical transformation of primary commodities. As described in Section 2.6 on commodity trees, more than one
derived product can be obtained from each primary commodity and more than one level of processing may be
involved. Furthermore, edible processed products can be involved in production processes that produce a second
level of derived products and so on. Countries often do not report data on the production of processed products,
therefore computations in the FBS methodology are based on the availability of primary commodities data and
conversion coefficients.

As these computations require data on each primary commodity available, this step is performed after all other
variables of the equation have been imputed or estimated. However, this Section is placed after Section 4 on the
imputation of production of primary commodities to put together all imputation procedures connected to
production. The overall FBS example presented in Section 17 shows the calculation of processed goods in its
correct position, after all other variables have been imputed.

The computation process for the production of derived commodities has two main steps (Figure 8): first the
quantity of primary commodities to be processed (food processing) is calculated and then, the production of
derived products is computed by applying extraction rates applied to the food processing quantities. This process
can differ depending on the presence or absence of official or unofficial data of production of derived products.
When no official or unofficial data are available, an additional step is required, in which processing shares (the
percentage of a given commodity used as input in the production process of a derived product) are estimated and
used to calculate the food processing variable.

Figure 8: Main steps in the production of processed products
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Source: Authors’ own elaboration.
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5.2 Imputation workflow for processed products.

5.2.1  Imputation of food processing

As introduced in Section 2.1, food processing represents the quantity of a parent product to be used as input in
the production process of derived products. Food processing data may come from the FAO production
questionnaire or be collected from unofficial sources such as industrial output surveys. When no official or
unofficial data are available (either official or unofficial), the amount of food processing for a commodity needs to
be imputed. Conversely, the imputation of food processing can be fairly simple when data on the production of
derived goods exist.

No official or unofficial data available

When there are no official or unofficial available data on production of derived products, the food processing
variable is calculated using the historical ratio of the processed quantity to the quantity of the available product
(availability in Equation 13). This ratio is projected using an average estimation over a number of years. In the
second step, the food processing variable to be computed for the following years is calculated by multiplying
the availability variable by the processing share.

Equation 13: Food processing — version 1

food processingp = availabilityp X processing sharep

where:

- availabilityp consists of production plus net trade and captures the transformation of raw agricultural
products into consumable goods through processing, considering both what is domestically produced and what
is obtained through trade before processing;

- processing sharep represents the percentage of a given commodity that is used as input in the process for
making a derived product (see Section 5.3.2).

Official or unofficial production available for one or more child products

If official or unofficial data for one or more production quantities of the derived products exist, the
food processing variable is calculated using the official data for the quantity produced for the derived product
and the corresponding bottom-up shares (defined in Section 5.3.4), which represent the percentage of a good
(primary or derived) used as an input in a transformation process. For example, for flour of millet (child) and millet
(parent), a bottom-up share._p of 1 indicates that all the production of flour of millet comes from millet; an
extraction rate eR._p of 0.85 indicates that 85 percent of the millet sent for producing flour of millet, is actually
transformed to flour, while the remaining 15 percent is either lost during the transformation process or
transformed into other co-products of the flour.

Equation 14: Food processing — version 2

. production;
food processingp = TR X bottom-up shareq_p
c-P

where:

- production is the production of derived, or child, product C;

- eR._p is the extraction rate implied in transformation of the parent product P to the child C; it indicates
the share of the parent product that is transformed into the child product; and

- bottom-up share;_p is the part of the production of a derived product C coming from a parent product P.
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5.2.2 Imputation of derived production

Once the food processing variable for each parent is calculated, the production of child products can be
calculated (Equation 15). The production for those derived products is the multiplication of (1) the quantity of the
parent product used in processing of other products (food processing), (2) the top-down shares (defined in
Section 5.3.6) between the derived product and the parent, and (3) the extraction rate of the child from the parent.
If a child has many parents, the calculation below is performed for each parent and then summed. For example,
for millet (parent) and bran of millet (child), an eR-_p of 0.14 indicates that 0.14 tonne of bran of millet is obtained
from each tonne of millet, and a top-down share._p of 1 indicates that all of the millet going to
food processing, goes to bran of millet.

Equation 15: Production of derived products imputation formula

production; = Z food processingp X eR._p X top-down share._p
P

where:

- production, is the production of derived product C;

- eR._p is the extraction rate implied in transformation of the parent product P to the child C; it indicates
the share of the parent that is transformed to the child product; and

- top-down share_p is the proportion of the food processing of a parent commodity P that goes into the
production process of a specific child product C.

This calculation is performed for all production levels in all commodity trees of each country-year combination.

5.2.3  Derived product imputation example

Consider the following SUA for the primary commodity millet in a given country and a given year.

Table 14: SUA for millet

COMMODITY PRODUCTION  IMPORTS DSTOCK EXPORTS  FEED SEED LOSS FOOD PROCESSING ~ FOOD  INDUSTRIAL TOURIST
Millet 204 990 460 0 167977 20830 8290 4100 - / 4100 /
Source: Authors’ own elaboration.

And suppose the following data to be available for the millet commodity tree:

Table 15: Millet values for the calculation of the production of derived products

PARENT  CHILD EXTRACTION RATE BOTTOM-UP SHARE TOP-DOWN SHARE PRODUCTION OF CHILD
Millet Flour of millet 0.85 1.000 1.000 680

Millet Bran of millet 0.14 1.000 1.000 -

Millet Beer of millet 0.00

Source: Authors’ own elaboration.

The country does not produce beer of millet. Flour and bran are co-products so both have a top-down share of 1
and official data are available for production of flour of millet.

The variable food processing has to be calculated first by applying Equation 14:

prOduCtionflour of millet 680

X bottom-up Shareflour of millet—millet = 085 x1=2800

food processingmiier =
eRflour of millet—millet

production of bran of millet uses the food processing variable, which has provided the amount of millet used
as input for all its derived products. This uses Equation 15:
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prOduCtionbran of millet = fOOd pTOCBSSiTlgmi”et X eRmillet—bran of millet X
top-down sharey,an o mittet-mitter = 800 X 0.14 X 1 = 112

Thus, out of the available millet (204 990 - 167 977 + 460), 800 units are sent for food processing. The production
quantity of the derived bran of millet is calculated with a top-down share of 1, so all of the 800 units sent for food
processing are sent to be transformed into bran of millet, but only 14 percent of that millet can be extracted to
bran of millet.

The SUASs resulting for these products are reported in Table 16:

Table 16: Production of millet-derived products after calculations

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED LOSS FOOD PROCESSING FOOD INDUSTRIAL TOURIST
Millet 204 990 460 0 167977 20830 8290 4100 800 / 4100 /
Flour of millet 680 / / / / / / / - / /
Bran of millet 112 / / / / / / / - / /

Source: Authors’ own elaboration.

5.3  Conversion coefficients

The computation of the production of processed products is done with conversion coefficients, which connect
parent products (P) to derived products that are also referred to as child products (C), namely: extraction rates,
processing shares, bottom-up shares and top-down shares. The inclusion of such shares is required in FBS
compilation because commodities are often processed into a multitude of derived goods, and the input used when
producing these items is rarely known.

5.3.1 Extraction rates

As mentioned in Sections 1.3 and 2.2, the extraction rate (eR._p) reflects the quantity of output obtained in the
processing of one product into another. For instance, the average global extraction rate of wheat flour is about
0.79. This means that 1 tonne of wheat that goes through a country’s flour milling industry renders on average
790 kg of flour. Flour milling also produces certain co-products: for each tonne of wheat milled, on average 180 kg
of bran and 20 kg of wheat germ are produced, and the remaining 10 kg are losses that occur in the milling process.

5.3.2  Processing shares

As discussed in Section 2, processing shares represent the percentage of a given commaodity that is used as input
in the production process of a derived product. Processing shares are obtained as a moving average of the ratio
(reported in Equation 16) between the amount of the variable food processing of the product P and its
availability in a given year:

Equation 16: Processing share

food processingp
availabilityp

processing sharep =

5.3.3  Bottom-up shares: the mirror imputation loop

Bottom-up shares represent the quantity of processed products produced from a parent commodity. In other
words, a bottom-up share is the part of the production of a derived product — which is also referred to as a child
product (C) — that comes from a parent commodity (P).
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Each bottom-up share accounts for all the child commodities that can be produced from a parent and all parents
that can be potentially processed into each child product. For a better understanding of this concept, consider the
following relations between parents and children that might exist in a commodity tree:

- One parent — multiple children (Figure 9a);
- Multiple parents — one child (Figure 9b); and
- Multiple parents — multiple children (Figure 9c).

Figure 9: Possible relations between parent (P) and child (C) products

(a) one parent — multiple children ° (b) one child — multiple parents

(c) multiple parents — multiple children

Source: Authors’ own elaboration.

Bottom-up shares reflect all the existing parent and child relations in all commodity trees. They are calculated
every year for every country based on previous values of food processing and production values of parent
commodities. The bottom-up shares are computed using the workflow shown in Figure 10 and described below.

To calculate bottom-up shares, first, all the quantities of variables food processing (for parent commodities) and
production (for child products) are computed from existing available values in a SUA, starting from the one-to-
many parent—child relations represented in Figure 9a and b. Then, a proportional approach is used for the
production of parent commodities that remains unassigned.

In the process, for each derived product C, several quantities are involved. The previously mentioned food
processing p refers to the total amount of the parent sent as inputs to all derived products and production c refers
to the total quantity of the child product. The quantities below are subsets of these totals split by their destination
and origin:

- food processing quantity already assigned (food processingj?). Food processing of the parent P of
derived product C —i.e. the amount of P sent as input to the production process of derived product C. As
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C might be not the only child produced from that parent, a second food processing has to be considered,
which is the next element.

- remaining food processing quantity (food processing®4). This is the amount of the variable food
processing not involved in the production process of derived product C, but in the processes of other
derived products that might be obtained from the same parent P.

- production quantity already assigned (productioné“’). The production quantity of derived product C that
is produced from a parent commodity P, when P is the only parent of C and no other derived commaodities
are obtained from P. This amount is considered “already assigned”, meaning that it is deterministic.

- remaining production quantity to be assigned (productiong“‘and production’cw ). These values reflect the
production of the derived product C in scenarios such as the one represented in Figure 9 c where the child
has multiple parents and its parents have multiple children. production24 is assigned through a procedure
known as the mirror imputation loop, while production® is the amount left after the mirror imputation
loop. This is assigned through a proportional approach.

Figure 10: Bottom-up shares calculation flow

Step 1 Step 3
For each parent (P), calculate the food processing For each child (C), calculate the production quantity
quantity already assigned (food processingj?) already assigned (productionf?)
Step 2 Step 4
For each parent (P), calculate the remaining food For each child (C), calculate the remaining
processing quantity (food processingi4) production quantity to be assigned (productionf*)
| Step 5 [
v

Mirror imputation loop

For each child commaodity, assign the remaining
production (productionf™) quantity proportionally
to the remaining quantity of its parents

Calculate bottom-up shares for each link
parent (P) — child (C)

Apply moving average for the new years

Source: Authors’ own elaboration.

5331 Step1l

For each parent, the food processing quantity already assigned (food processings?) is computed. This is the sum
of the ratio of the production of children with only one parent (production;1) and their extraction-rates (eR¢_p):

Equation 17: Food processing quantity already assigned

food _aa _ (" productionc
processingp” = ) ——————

eRc_p
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If all child products of a given parent have only one parent, the quantity already assigned corresponds to the entire
food processing quantity of that parent, i.e., food processing of parent P. If this is not the case and derived products
have more than one parent, a second typology of food processing is computed for each parent (see Step 2).

Consider the scenario reported in Figure 11. A parent commodity Phas three derived products C;;, C;,and (i3
with C11 and C1, having multiple parents. Besides P4, child C{4 has another parent P,, which has only one child
(C11), and C1, has another parent P5. The extraction rates of 14, C1, and Cy3 for the parent P are respectively
0.7, 0.8 and 0.9. The extraction rate of C; for parent P, is 0.6 and the extraction rate of C, for parent P3 is 0.85.

Figure 11: Example of derived production

production = 100 000

food processing = 85 000

food processing = 500 000 production = 150 000

0.85

production = 297 000
food processing = 148 000

Source: Authors’ own elaboration.
Food processing quantity already assigned for (3 can be calculated, as this child only has one parent, P;:

productionc,, 297 000
eRc,,—p, 0.9

AA _

food processingp/ = = 330000

5332  Step?2

The remaining food processing quantity (food processing§4) is calculated by subtracting the food processing
already calculated in the previous step (food processing44) from the total food processing quantity of the parent
(food processingp). This will be equal to zero for the parents of children with only one parent.

Equation 18: Remaining food processing quantity

food processingk4 = food processingp — food processings?

The following calculates the remaining food processing quantity (food processing&4) to be assigned for parent

P, because it has a child with one parent (C3):

productionc,, — 00 000 297000 170 000

d i RA = d J -
fOO }’)7‘OCGSSI.'I’lgp1 fOO p'f'OC@SSlTI.gp1 eR613—P1 0.9
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5.3.3.3 Step 3

The production quantity already assigned (productioné“’) is calculated for each child product. This is the sum of
the product of food processing of the parent with only one child (food processingp:) and the extraction rate of
a parent with multiple children (eRq_p).

Equation 19: Production quantity already assigned

productionf4 = Z(food processing p1 X eRc_p)
P

In the example production£4 for C;; can be obtained as:

productionf? = processedp, X eR¢,,_p, = 85000 x 0.6 = 51 000

5334 Step 4

Finally, for each child product, the remaining production quantity to be assigned (productionZ4) is calculated by
subtracting the production quantity already assigned (productionf4) from the total production production,.

Equation 20: Remaining production quantity to be assigned
production® = production; — production#*
In the example, the remaining production quantity for child Cy is obtained as follows:

production’gﬁ = productionc,, — processedp, X eR¢  _p = 100000 -85 000 x 0.6 =49 000

5335  Step5

The mirror imputation loop is used to iteratively determine the following quantities: (i) the food processing
guantity of a parent with multiple children and (ii) the part of the production of a parent in one of its multiple
children.

For each child product, assign the remaining production (productionf") proportionally to the remaining
food processing quantity of its remaining parents (food processing §4).

Equation 21: Remaining production

food processing B4 x eR._p

production®” = production, X —
Y.p food processing ;* X eRq_p

Calculate the bottom-up shares for each parent—child connection as the ratio between the production of each
child product from a parent and the total production of the child.

Equation 22: Bottom-up share

productiong_p

bottom-up shares._p = S production,
-P

When missing, these shares are imputed using a moving average.

In the example mirror imputations are used to calculate true values for productionc,,_p and productiong ,_p,.

The mirror imputation in this case starts by identifying whether a child product with multiple parents has only one
parent for which production need to be assigned. If yes, the remaining production will be assigned to that parent.
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In the example above, it is the case for the child C;; with multiple parents: the parent P, is the only one left.
Therefore:

productiong  _p = productionf’ =49 000

Having assigned this production, the remaining food processing quantity of the parent P; will be updated by

subtracting the equivalent quantity of the remaining production of child C;.

i 2 RA
productiong

49 000
updated RA _ 11 —-170000 — T =100 000

food processing, = food processingyp
! ! eRe,,-p,

Subsequently, the mirror imputation loop checks if a given child has only one of his multiple parents left for which
food processing needs to be assigned. If this is the case, the updated or remaining food processing of the
parent will be assigned to that child with multiple parents; and hence the part of that parent in the production of

that child with multiple parents can be calculated exactly. In the example below, it is the case of the parent P;.
After the update of the remaining food processing of the parent P4, the child C;, with multiple parents is the
only one for which food processing need to be assigned. In this case, the part of the parent P, in the production

of the child product C;, with multiple parents is:

productionc,,_p = food processing gf"’“ted X eRc,,_p, = 100 000 x 0.8 = 80 000

After the production is assigned, the remaining production of the child €4, with multiple parents will be updated.
production?ﬁdated = productionc,, — productionc,,_p, = 150 000 — 80 000 = 70 000

The first search algorithm described above can be applied again to search if a child product with multiple parents
has only one parent left. This will be true for the child product C;, with multiple parents, which has P3 as the only
parent left. Therefore, the remaining production of €, (70 000) will be assigned to P; and food processing of

P5 can be updated before reapplying the second search algorithm. This is called the mirror imputation loop
because it can be run many times in order to find all the possible mirror calculations.

After the mirror imputation loop is finished, there may be production remaining of some child products with
multiple parents that still needs to be assigned. Those quantities will be assigned to the corresponding parents
proportionally to their remaining food processing quantity.

food processing B4 x eR¢_p

roduction®™ = production, x
P ¢ =P ¢ ™ ¥, food processing ®4 x eR._p
After this allocation, both remaining food processing quantities of parent products and production of child
products are equal to zero.

5.3.4 Bottom-up shares example

This example shows the computation of bottom-up shares for the beer of barley, malted and its different parents:
maize; malt, whether or not roasted; and rice, broken (Figure 12). Maize has three other derived products: flour
of maize, undenatured ethyl alcohol (greater than 80 percent) and undenatured ethyl alcohol (less than
80 percent) (which is a multiple parent commodity). Rice, broken has a unique child product (beer of barley
malted) and malt, whether or not roasted has another child product (malt extract).
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Figure 12: Beer of barley, malted example graph

Rice,
broken

Malt,
whether or

not roasted

Beer of
barley,
malted

Unden. ethyl

alcohol <80%

Flour of

Unden. ethyl

maize
alcohol >80%

Source: Authors’ own elaboration.

In the table below, the different child products of parents maize, rice broken and malt whether or not roasted are
presented. From Figure 12 the corresponding number of parents can be seen: the child products have one parent,
apart from beer of barley, which has three parents (maize; rice broken and malt, whether or not roasted).

Table 17: Maize and its child products

PARENT CHILD eR NUMBER OF PARENTS PRODUCTION OF CHILD
Maize Flour of maize 0.8000 1 24 493 436
Maize Undenatured ethyl alcohol (> 80%) 0.2500 1 197 420
Maize Undenatured ethyl alcohol (< 80%) 0.3681 5 1725000
Maize Beer of barley, malted 8.0425 3 22527 000

Source: Authors’ own elaboration.

Table 18: Malt, whether or not roasted and its child products

PARENT CHILD eR NUMBER OF PARENTS PRODUCTION OF CHILD
Malt, whether or not roasted  Malt extract 0.8000 1 50 000
Malt, whether or not roasted  Beer of barley, malted 8.0425 3 22527 000

Source: Authors’ own elaboration.

Table 19: Rice, broken and its child commodities

PARENT CHILD eR NUMBER OF PARENTS PRODUCTION OF CHILD
Rice, broken  Beer of barley, malted 8.0425 3 22 527 000
Source: Authors’ own elaboration.

Table 20: Beer of barley, malted and its parent products

PARENT CHILD eR PROCESSED QUANTITY OF PARENTS
Maize Beer of barley, malted 8.0425 34212558
Rice, broken Beer of barley, malted 8.0425 488 364
Malt, whether or not roasted  Beer of barley, malted 8.0425 2237 667

Source: Authors’ own elaboration.

For the calculation of bottom-up shares, the remaining food processing quantity (food processing &4) is
calculated first, to be eventually assigned for maize and malt, whether or not roasted using Equation 17 and
Equation 18 (Steps 1 and 2 of Section 5.3.3).
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Table 21: Remaining food processing quantities to be assigned in the example of beer of barley, malted

PARENT PROCESSED ALREADY ASSIGNED PROCESS TO ASSIGN
Maize 34 212 558 31406 475 2 806 083
Malt, whether or not roasted 2237 667 62 500 2175167

Source: Authors’ own elaboration.

where:

food processingRe. . = food processingyqize — food processingiyaise
productiongoy, N productionalc>80)

= food processingygize — (
eRFlour—Maize eRalc>80—Maize

24493436 197420
= 34212558 — ( 08 + 025 ) =34212558 - (30 616 795 + 789 680)

= 34212558 — 31406475 = 2806083

food processingR2,, = food processingyq: — food processingia.

roduction
= food processingyai: — P MaltExt _ 2237 667 —

0
= 2237667 — 62500
eRmaitExt—Malt 0.8

=2175167

The preassigned values are assigned to flour of maize and undenatured ethyl alcohol (greater than 80 percent),
which have only maize as parent; and to malt extract, which only has malt, roasted or not as parent.

Then, the remaining production quantity to be assigned to beer of barley, malted (productiong‘ger) is calculated

(see Steps 3 and 4 of Section 5.3.3). Beer of barley, malted has a parent that only has one child product (rice,
broken). In this case, the part of rice, broken in the production of beer of barley, malted can be calculated with
the formula of Equation 20:

productionk4,. = productiong,,, — productionjs,,
= productiong,., — food processinggice X €Rpeer—rice
= 22527000 — (488 364 x 8.0425) =22 527 000 — 3927 667 = 18 599 333

This remaining 18 599 333 is assigned proportionally to maize and malt, whether or not roasted. However, before
applying the proportional assignment, the mirror imputation loop should be performed to calculate all the possible
values that do not require expert judgement (Step 5 of Section 5.3.3).

After the calculation of the remaining food processing, malt, whether or not roasted has only one child left:
beer of barley, malted. Therefore, the remaining food processing (2 175 167) of malt, whether or not roasted
corresponds to what is sent to the production of beer of barley, malted. And the part of malt, whether or not
roasted in the production of beer of barley, malted is:

productiongeey_yair = f0od processing b2 x eRgoor_ya = 2 175 167 x 8.0425 = 17 493 780
The remaining production of beer of barley, malted to be assigned is:

updated _ oo duction®4,, — productiongeer—mae = 18 599 333 — 17 493 780 = 1 105 552

productiong,,,.

After all food processing quantities have been computed, bottom-up shares are easily computed through
Equation 22 and final results are reported in Table 22.

5.3.5 Top-down shares

Top-down shares represent the percentage of the quantity of a good (primary or derived) used in a particular
transformation process. Put differently, they indicate the proportion of the food processing of a parent
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commodity (P) that goes into the production process of a specific derived product (C). These differ from bottom-
up shares in that they are computed on the parent commodity (top), instead of being a percentage of the child
product (bottom).

Equation 23: Top-down share

production; X bottom-up share._p
eRc_p
food processingp

top-down sharep_. =

where:

- production, is the production value of the child product C;
- bottom-up share._p is the bottom-up share that links the child and the parent;

- eR._p is the extraction rate between the parent and the child products;
i b -up sharec_p . . . .
- production CxeRomm APTEECP s, therefore, the part of the production of the parent product P involved in
c-pP
the production of the child product C expressed in terms of the child product C; and

- food processingp is the quantity of parent product P that is processed.

Given the way they are constructed, the top-down shares of products that have a unique child are equal to 1,
while for multi-child products, these shares are lower than 1. The sum of all top-down shares of a parent product
across its different child products is equal to 1.

5.3.6  Top-down shares example

Using the beer of barley, malted example presented in Figure 12, the top-down share between beer of barley and
its three parents (maize, malt whether or not roasted and rice broken) are calculated as follows:

production ge., X bottom-up sharey,, ... 22527000 X 5%
-0 SHaTSpcr=—— pit — - g = 0004%
production p.e, X bottom-up sharey,,. .. ... 22527000 x 78%

For the specific and illustrative country—year combination of Figure 12, 0.004 percent of the processed quantity
of maize is sent to the production of beer of barley, malted and 98 percent of the processed quantity of malt,
whether or not roasted is sent to the production of beer of barley, malted. It can be deduced that the 2 percent
of malt, whether or not roasted that is left goes to the production of malt extract.

Rice, broken has only beer of barley, malted as child, so all the food processing of rice, broken goes to the
production of beer of barley.

top-down share pice—_geer = 100%
Final results are reported in Table 22.

Table 22: Final result of the estimation of top-down shares

PARENT PART IN THE PRODUCTION OF BEER BOTTOM-UP SHARE = TOP-DOWN SHARE
Maize 1105 552 5% 0.004%
Malt, whether or not roasted 17 493 781 78% 98%
Rice, broken 3927 667 17% 100%
Total production of beer of barley, malted 22 527 000 100% -

Source: Authors’ own elaboration.
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6  TRADE

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

6.1 Data sources

Trade (composed of imports and exports) is the next variable to be considered from Equation 1. The trade data
used by FAO for FBS compilation consist of raw trade data from Eurostat for European countries and official data
from the United Nations Commodity Trade Statistics Database (UN Comtrade) for all other countries reporting to
the United Nations Statistics Division (UNSD).

Where available, mirror data'! are used for non-reporting countries. Importantly, in addition to being a source of
data, mirror data can also be used to reconcile values reported by the reporting country with the same trade flows
reported by the trading partner. This is especially useful for exports, as imports are typically documented more
thoroughly and verified more rigorously than exports (UNSD, 2013).

When data from countries are not available, other sources include specialized publications (e.g. Oil World and
publications of the International Sugar Organization), statistical yearbooks of agencies and other online statistical
databases (e.g. Trade Map?? of the International Trade Centre).

Out of the variables used in FBS compilation, international trade data on imports and exports are among the most
reliable, given that trade data usually originate from national customs offices that usually collect data on
transactions of all cross-border goods for taxation purposes. Moreover, collecting these data is necessary to
ensure compliance with World Trade Organization (WTO) and World Custom Organization (WCO) guidelines.

However, official reported trade flows may not include all cross-border transactions in the trade of agricultural
goods. Food aid transactions, for example, may be excluded from official trade flows, even though they may
represent a significant proportion of a country’s food supply. It is therefore important to separately measure and
include all the food aid obtained from relief agencies.

In some countries, agricultural goods are traded informally outside of formal customs procedures. These
unrecorded trade flows, also referred to as unreported trade, can be critical sources of both household income
and food security. Therefore, it is essential that food balance sheets include these transactions when relevant. In
particular, these flows are vital for estimating livestock headcounts, especially in countries with large populations
of nomadic herders who frequently cross the national borders with their herds. While official trade data are
generally available, incorporating data from other sources may be necessary to provide more accurate estimates
of aggregate imports and exports for use in food balance sheets.

Additional sources of data for such international transactions include records from central banks and other entities
involved in trade. For instance, financial flows associated with cross-border transactions between residents and
non-residents can be monitored by a country’s central bank. Additionally, shipping manifests are valuable sources
of information, detailing the cargo transported by ships, aircraft and vehicles across a country’s borders. Other
documents, such as records of parcel and letter post, are typically maintained in most countries based on
regulations outlined in the acts of the Universal Postal Union. Finally, corporate surveys can also be used to
reconcile national trade data.

11 Mirror data refers to information from the trade partners of a country.
12 See https://www.trademap.org/Index.aspx.
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6.1.1 UNSD tariff-line dataset

NSOs report detailed trade flow data to UNSD, which publishes the data in the UN Comtrade database (United
Nations, 2025) at the tariff line!3 level. The level of commodity detail is country-specific, with some countries
reporting at the basic 6-digit level of the HS, while others report more detailed data at the 12-digit HS level.

Table 23 shows an example of filtered data from Comtrade (variable names have been modified) for a given year.
It contains information on the reporter, partner, flow (1 = imports; 2 = exports; 3 = re-exports; 4 = re-imports), HS
codes (variable length), monetary value (in USD), net weight excluding packaging (in kilograms), supplementary
quantity (which is the measurement related to the item e.g. litre for liquids), the unit in which the supplementary
quantity is given (e.g. 7 = litres, 8 = kilograms), and the HS chapter. Reporters and trade partners are represented
with three-digit numerical codes used by the UNSD, based on the international standard M49 codes.

Table 23: Example of Comtrade tariff-line data

YEAR REPORTER PARTNER FLOW HS CODE VALUE WEIGHT QUANTITY  UNIT CHAPTER
2014 12 699 1 38089119 109 821.79 7160.22 7 160.22 5 38
2014 600 380 2 8140000000 24 456.00 15870.00 15 870.00 8 8
2014 398 276 1 400259 532.12 0.20 0.20 8 40
2014 703 616 1 5119910 39.83 6.00 6.00 8 5
2014 251 76 1 20081912 1933.60 148.00 148.00 8 20
2014 702 156 1 382311 117 527.41 60000.00 60 000.00 8 38
2014 203 682 1 100620 143.00 20.00 NA 1 10
2014 344 840 3 16055900 17 245.07 907.00 907.00 8 16
2014 48 682 1 19059093 753 403.97 368416.00 368 416.00 8 19
2014 616 428 1 401693 362.00 20.00 20.00 8 40
2014 384 466 2 19021900 901 389.92 1238270.00 1238 270.00 8 19
2014 764 152 2 400942 108.10 NA NA 1 40
2014 414 380 1 38089990 574.72 2.00 2.00 8 38
2014 158 324 2 19059090006 462.59 103.00 103.00 8 19
2014 690 784 1 18069090 1210.97 28.80 15.00 5 18

Source: Authors’ own elaboration.

6.1.2 Eurostat dataset

A data sharing and exchange agreement exists between FAO and Eurostat; therefore FAO uses the Eurostat
dataset!® for European countries. This arrangement aims to promote the consistent use of data between both
organizations and alleviate the reporting burden on European Union Member States.

Table 24 presents an example of filtered Eurostat data (variable names have been modified). The key distinctions
from the tariff-line datasets are: reporter and partner codes are geonomenclature codes,*> the maximum HS code
length is eight digits, monetary values are denominated in thousands of euros, weight is expressed in tonnes and
the supplementary quantity unit of measure is always specific to the product (unlike Comtrade tariff-line data,
where the same HS code for a supplementary quantity can be reported in various units that need to be converted
to tonnes). Additionally, certain HS codes may contain letters, which EU countries are permitted to include instead
of numbers for confidentiality reasons.

13 As stated in the WTO glossary (https://www.wto.org/english/thewto_e/glossary_e/tl_e.htm) tariff line “is a product as defined in
lists of tariff rates. Products can be sub-divided, the level of detail reflected in the number of digits in the Harmonized System (HS)
code use to identify the product.”

14 See https://ec.europa.eu/eurostat/data.

15 Geonomenclature codes are a set of codes used in geographical and statistical classifications to represent and organize geographic
regions, areas, or entities. These codes are often standardized and used by various organizations, including statistical agencies,
governments, and international bodies, to categorize and reference geographic entities for data collection, analysis, and reporting
purposes.
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Table 24: Example of Eurostat trade data

YEAR REPORTER PARTNER FLOW HS CODE VALUE WEIGHT QUANTITY
2014 3 346 2 18069060 6.88 2.2 NA
2014 8 1 2 40119200 26.65 14.8 1225
2014 68 5 2 10MMMO000 42.17 0.0 NA
2014 5 6 2 52053400 0.11 0.0 NA
2014 6 647 2 52085100 1361.25 17.7 180 134
2014 17 4 2 9096100 7.45 1.2 NA
2014 1 11 2 2042300 4.76 0.6 NA
2014 60 32 2 19049080 17.55 31 NA
2014 8 32 2 2031955 1947.23 438.4 NA
2014 17 212 2 33051000 282.50 11.4 NA
2014 1 690 2 3061410 9.05 0.3 NA
2014 8 1 1 35030080 1002.17 7.4 NA
2014 18 6 1 52094300 0.33 0.0 93
2014 17 604 2 22011019 0.09 0.1 70
2014 6 91 2 38089110 1.71 1.6 NA

Source: Authors’ own elaboration.

6.2  Overall approach and workflow

In the new FBS methodology, trade data sourced from UNSD and Eurostat for individual HS codes are mapped to
the CPC (see Section 2.5.1 for a description of the HS and CPC). Data used for the SUAs/FBS fall under the 34 HS
chapters reported in Table 25. Not all items within those chapters are used, as only certain HS codes in the
chapters related to food or agricultural goods are considered. For both UNSD and Eurostat data, codes that contain
non-numeric characters are dropped. An example of this can be seen in Table 24, which contains the 10MMMO000
code. The only information of the transaction reported with that code is that it corresponds to some type of cereal
(as Chapter 10 is for cereals), but it is otherwise not possible to assign it to a specific cereal type. Therefore, given
the difficulty in assigning codes with non-numeric characters to detailed items, and given that these cases are
relatively marginal, these codes are removed from the raw data and no attempt is made to assign them.

Raw data obtained by the UNSD and Eurostat are commonly tariff-line data that can have from 6 to 12 digits
depending on the detail reported. The minimum required for mapping to the CPC is 6 digits. These codes are not
directly comparable across countries, as each country can add these digits independently and may have a
description for such codes that differ from those of other countries. As for Eurostat data, it uses Combined
Nomenclature (CN) codes at 8 digits (CN8), which are EU extensions of HS codes. This is why a mapping between
Eurostat and Comtrade data is required. Countries can use their own national trade data, but may choose to use
either or both sources as mirror data, or if national trade data are not available to the FBS compiler.

The complete workflow applied in the FBS methodology is reported in Figure 13, which shows that total trade
values are obtained after various steps. Starting from the two separate flows (UNSD tariff-line data and Eurostat
data), unified and validated values are generated, which are further processed by FAO to obtain the final total
trade values used in FBS. The steps to compute total trade are described below.
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Table 25: HS chapters used in the FAO trade domain

SECTION CHAPTER CHAPTER DESCRIPTION
1 Live animals
2 Meat and edible meat offal
| 3 Fish and crustaceans, molluscs and other aquatic invertebrates
4 Dairy produce; birds’ eggs; natural honey; edible products of animal origin, not
elsewhere specified or included
5 Products of animal origin, not elsewhere specified or included
6 Live trees and other plants; bulbs, roots and the like; cut flowers and ornamental foliage
7 Edible vegetables and certain roots and tubers
8 Edible fruit and nuts; peel of citrus fruit or melons
9 Coffee, tea, mate and spices
" 10 Cereals
11 Products of the milling industry; malt; starches; inulin; wheat gluten
12 QOil seeds and oleaginous fruits; miscellaneous grains, seeds and fruits; industrial or
medicinal plants; straw and fodder
13 Lac; gums, resins and other vegetable saps and extracts
14 Vegetable plaiting materials; vegetable products not elsewhere specified or included
" 15 Animal or vegetable fats and oils and their cleavage products prepared edible fats;
animal or vegetable waxes
16 Preparations of meat, of fish or of crustaceans, molluscs or other aquatic invertebrates,
or of insects
17 Sugars and sugar confectionery
18 Cocoa and cocoa preparations
WV 19 Preparations of cereals, Flour, starch or milk; bakers’ wares
20 Preparations of vegetables, fruit, nuts or other parts of plants
21 Miscellaneous edible preparations
22 Beverages, spirits and vinegar
23 Residues and waste from the food industries; prepared animal feed
24 Tobacco and manufactured tobacco substitutes
33 Essential oils and resinoids; perfumery, cosmetic or toilet preparations
VI 35 Albuminoidal substances; modified starches; glues; enzymes
38 Miscellaneous chemical products
\il 40 Rubber and articles thereof
Vil 41 Raw hides and skins (other than fur skins) and leather
43 Fur skins and artificial fur; manufactures thereof
50 Silk
X 51 Wool, fine or coarse animal hair; horsehair yarn and woven fabric
52 Cotton
53 Other vegetable textile fibres; paper yarn and woven fabric of paper yarn

Source: Based on WCO. 2022. HS Nomenclature 2022 edition. In: WCO. [Cited 7 February 2025].
https://www.wcoomd.org/en/topics/nomenclature/instrument-and-tools/hs-nomenclature-2022-edition/hs-nomenclature-2022-
edition.aspx
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Figure 13: Complete trade workflow
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Source: Authors’ own elaboration.

6.2.1 Data content assessment

A series of preprocessing steps are carried out during the validation procedure to ensure that the data quality
meets the minimum requirements for further processing. Low-quality data will negatively affect the overall
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reliability of the trade flow information and the quality of the global totals. The checks that FAO conducts, which
are also applicable to countries, include:

- Verifying the completeness of data. For instance, if transactions show a noticeable reduction in one year,
this may indicate that the file is incomplete. Therefore, it may be decided to treat this flow as non-reported
(so that mirroring will be used for imputing all its transactions in that year) until its data are more complete.
The definition of such thresholds needs to be based on the observation of the time series and the
experience of the analyst;

- Detecting and marking reporting countries for each year;

- Detecting and marking non-reporting countries;

- Detecting and marking the minimum and maximum number of HS digits reported by the country for the
year and trade flow;

- Checking whether both imports and exports data (including re-imports and re-exports) have been reported
by a country in a given year; and

- Detecting missing values.

6.2.2  UNSD tariff-line data steps: aggregate shipments

The tariff-line data from the UNSD contains multiple rows with identical reporter/partner/HS code/flow/year/unit
combinations. For example, the data reported in Table 26 show 15 recorded transactions with HS code 22071090
for the same reporter/partner/flow/year/unit. Multiple transactions (with weight or quantity) can be aggregated;
and transactions with missing weight or quantity can be aggregated separately with other transactions that are
also missing these variables. Table 27 shows the results of the aggregation of the example reported in Table 26.
In this case, even though there is a unique combination of reporter/partner/HS code/flow/year/unit, the
aggregated data include two rows because the weight variable was reported for some transactions, and not for
others.

Table 26: Example of multiple transactions by reporter/partner/flow/year/HS code

YEAR REPORTER PARTNER FLOW HS CODE VALUE WEIGHT QUANTITY  UNIT CHAPTER
2014 508 710 1 22071090 99570 NA 126 000 7 22
2014 508 710 1 22071090 126 530 NA 168 000 7 22
2014 508 710 1 22071090 87950 NA 77 141 7 22
2014 508 710 1 22071090 194 740 NA 190719 7 22
2014 508 710 1 22071090 69 580 116332 116 261 7 22
2014 508 710 1 22071090 1050 NA 2871 7 22
2014 508 710 1 22071090 109 770 NA 126 000 7 22
2014 508 710 1 22071090 30050 NA 40000 7 22
2014 508 710 1 22071090 147 840 NA 210 000 7 22
2014 508 710 1 22071090 252100 NA 230538 7 22
2014 508 710 1 22071090 300 500 23 7 22
2014 508 710 1 22071090 28 690 NA 40000 7 22
2014 508 710 1 22071090 36 360 37847 42020 7 22
2014 508 710 1 22071090 2240 3197 2500 7 22
2014 508 710 1 22071090 75 540 101700 126 000 7 22

Source: Authors’ own elaboration.

Table 27: Results of the aggregation of multiple transactions

YEAR REPORTER PARTNER FLOW HS CODE VALUE WEIGHT QUANTITY  UNIT CHAPTER NROWS
2014 508 710 1 22071090 184 020 259576 286 804 7 22 5
2014 508 710 1 22071090 1078 290 NA 1211269 7 22 10

Source: Authors’ own elaboration.
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6.2.3  UNSD tariff-line data steps: remove some countries

UNSD tariff-line data report the area code using the M49 standard codes®® and codes for undefined or not
elsewhere specified areas. European countries (as reporters) are removed from the UNSD dataset, as trade data
for European countries are obtained directly from Eurostat. Undefined or not elsewhere specified areas are
mapped to a single code.

6.2.4  UNSD tariff-line data steps: recode re-imports and re-exports

Re-imports (code 4) are recoded into imports (code 1) and re-exports (code 3) into exports (code 2). This procedure
is applied following UNSD standards. Exports are classified into two categories in the Comtrade tariff-line
database: exports of domestic goods and exports of foreign goods (re-exports). Re-exports are foreign goods that
are exported in the same condition as they were imported and, therefore, are considered part of the overall
country exports. For analytical and cross-checking purposes, it is recommended that re-exports be recorded
separately, which may require additional information to identify their origin, to ensure that they are truly re-
exports and not domestically produced goods. Similarly, re-imports are goods that are imported in the same
condition as they were previously exported. They are included in the country’s overall imports and should be
recorded separately for analytical purposes, with supplementary sources of information used to identify their
origin. The return of exported goods to their country of origin can occur for various reasons, including defects in
the product, cancellation of orders by importers, imposed imports barriers and increased demand or prices for
the good in the country of origin.

6.2.5 UNSD tariff-line data: measurement unit conversion

Units of measurement are converted to meet FAO standards: all weights are reported in tonnes, animals in heads
or 1000 heads and, for some products, just the value is provided. For example, if the originally reported quantity
is “units” and the FAO unit is “1000 heads”, the quantity is divided by 1000. Some of these conversions are simple
mathematical conversions that involve multiplying by a fixed factor known a priori. Other conversions are less
trivial and use information derived from the data. In particular, non-livestock and livestock product-specific
conversions are added.

For non-livestock products, if a quantity is originally expressed in “units”, and weight is not available, a conversion
factor (qw,,) to convert from units to kilograms is required. In order to obtain these conversion factors, for a
particular non-standard unit, all transactions with that non-standard unit that also report weight are used to
obtain a weight in kilograms.

This factor (qw,,) is obtained as the median of the ratio between weight and quantity across all tariff-line
transactions:

Equation 24: Non-livestock commodity unit conversion formula

qw,, = median(weight/quantity,)

The non-standard units are then converted to weight by multiplying by the conversion factor.
Equation 25: Non-livestock commodity unit weight formula

weight = quantity, X qw,

16 See https://unstats.un.org/unsd/methodology/m49/.
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where:

- quantity,, is the quantity expressed in a given non-standard unit of measurement u; and
- qw, is the conversion factor of quantity and represents the weight in kilograms per non-standard unit.

Suppose that country X does not report the weight of eggs, but reports numbers of eggs. In this case, the factor
qw,, is computed for all countries where both weight and quantity are reported. This median conversion factor is
then applied to the units reported by country X to estimate the weight of eggs for country X in tonnes.

A different conversion is applied for livestock. In this case the conversion from weight to the final unit (head or
1000 heads, depending upon the species) where the reported unit is either missing or different from the final unit,
is made by dividing the reported (or imputed unit as shown in Section 4.4) weight by an average livestock weight
by country and species. For these purposes, an FAO team of experts has compiled a table of average livestock
weight by country and species. Using these average weights denominated as aw, the final unit in heads (or 1000
heads) will be obtained as:

Equation 26: Livestock commodity unit conversion formula

weight

uantity =
q y aw

where aw is the average livestock weight.

6.2.6  Eurostat data steps: mapping and conversion

Eurostat classifies areas using the geonomenclature coding system (Eurostat, 2024). These codes are converted
to M49 country codes. Any area codes that cannot be mapped to the M49 are flagged, and the corresponding
records are removed from the dataset. Countries without identified M49 codes are reassigned to a single code for
unspecified areas.

Information on FAO units is then added, which is straightforward since Eurostat and FAO units are mostly the same.

Finally, values are converted from EUR to USD using the average exchange rate of the year of the transaction.

6.2.7 FAO steps: unified trade flow

After the data processing described above, the UNSD and Eurostat data are expressed in the same unit and country
measurement units. This “unified trade flow” contains trade data for all countries and is then further processed.

6.2.8  FAO steps: unit value computation

For each record having both quantity and value, the unit value (uv), which gives a value per unit, is computed as
follows, which will be used in the subsequent steps:

Equation 27: Trade unit value

value
vV= ———
quantity

where:

- quantity is the quantity;
- value represents the value; and
- uv in the unit value.
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6.2.9 FAO steps: missing quantity imputation

As FBS compilation is based on physical quantities, additional imputations need to be performed for any traded
good for which data are only available in value and not in volume. For records showing only the value, the
corresponding quantity is imputed by dividing the value at time t by the unit value at time t — 1, adjusted for the
annual change in the global average unit value for the product in question.

Equation 28: Imputed quantity

valueg

uantit =
q y 22 uvt,global average

UVp_q,x X
’ UV¢_1,global average

where:

- x represents the country;

- t represents the year for the data in question;

- value,, is the available value for country x and year t;

- Uv._q, is the unit value for country x inyear t — 1.

- UVtgiobal average 1S the global average unit value in year ¢; and

- UVi_1,giobal average 1S the global average unit value in year t — 1.

To ensure that this change in the global average unit value is as accurate as possible, the countries with missing
guantities are validated last among the reporter countries by using a validation routine described in Section 6.3.

6.2.10 FAO steps: mirroring for non-reporting countries.

Trade flows that are missing for non-reporting countries need to be estimated. This is done using the mirroring
routine: the corresponding trade of the non-reporting countries is extracted from the partners, inverting the flows.
The quantities are kept the same while the values are corrected by a fixed factor to account for the CIF/FOB (cost,
insurance and freight/free on board) conversion. This factor is retrieved from the literature and often set to
12 percent (i.e. imports of the partner are divided by 1.12, while exports of the partner are multiplied by 1.12)."7
“The CIF unit values rely on importers’ declarations, and include all trade costs (except tariffs and domestic taxes
after the border). The FOB unit value is a proxy for the trade price at the factory gate, relying on exporters’
declarations, and does not include trade costs” (Berthou and Emlinger, 2011).

Table 28 shows an example of the mirroring procedure. Country A is a non-reporter in year 3, so country B’s
exports will be used to impute country A’s imports. First, quantities are copied as reported by country B (890);
values reported by country B are then adjusted by the CIF/FOB margin of 12 percent (1400 X 1.12 = 1 568).

Table 28: Mirroring example

COUNTRY A COUNTRY B
IMPORTS EXPORTS
YEAR VALUE QUANTITY VALUE QUANTITY
1 1450 800 1250 800
2 1550 950 1390 925
3 1568 890 < 1400 890

Source: Authors’ own elaboration.

17 The choice of a fixed CIF/FOB markup is simply for convenience, as these margins are neither time- nor distant-constant, i.e. they
evolve over time and are different depending on geographic proximity of reporters and partners. Using different CIF/FOB margins
will be explored in the future.
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As shown in the example, when both countries report trade flows, the reported quantities are not necessarily the
same (they are different in year 2). These discrepancies may occur for a variety of reasons, including the use of
tariff-line descriptions that can affect how items are recorded as they are aggregated into the CPC; time
differences in recording transactions (e.g. a transaction can be exported in December but arrives at the destination
in January); transactions reported with non-standard units by at least one reporter; or the use of net weight by
one reporter, while gross weight was used by the other. Moreover, the CIF/FOB margin can vary. As indicated
above, the 12 percent margin can be adjusted over time, as these margins evolve and can vary depending on
geographic proximity of reporters and partners.

The mirroring procedure is an approximation of the actual trade flows, as they are inferred from the declarations
made by reporting partner countries. In some cases, flows are structurally similar, and the mirror gives a very good
approximation. In some instances however, the mirroring mechanism results in data that are not in line with the
time series of the mirrored country. For instance, if a main partner for a given product is also a non-reporter for a
given year, then the resulting total flow may be incomplete. Thus, mirrored flows are checked for completeness,
and if they are flagged as inconsistent with the historical time series, they are considered separately and
potentially supplemented with external data or manual imputation during the validation stage (Section 6.3).

6.3 Data validation

6.3.1 Overview

During imputation, automatic outlier imputation is not carried out, as preliminary tests demonstrated that any
automatic process was likely to introduce errors to the dataset. For this reason, once the data have been
aggregated and saved for all years, a semi-automatic (guided) workflow for corrections is performed through an
external validation routine. The validation process differs depending on whether the validation needs to be carried
out for reporting or non-reporting countries.

6.3.2 Outlier detection criteria

The process identifies which reporter/product/flow/year combination is likely to be an outlier and computes
various outlier detection routines on the data. It assigns scores based on how many times a transaction has been
found to be an outlier and the analyst can manually select time series with outliers and use an interactive
validation tool that allows analysis of the composition of total trade flows using bilateral data. The tool displays
the outliers, offers a variety of methods for correcting them, and stores the corrections that the analyst deemed
most appropriate in the unified trade flows dataset. When no statistically based imputation seems appropriate,
the analyst can “force” some values (e.g. obtained by consulting external sources) through a manual overwrite.

Outlier detection checks are carried out at the item level on the trade flow of each product.

Outlier detection criteria include checks on the following values, which are compared with appropriate ranges and
thresholds to find and correct outliers:

- the ratio between quantity (in a given year) and a moving average of each item(i)/flow(f)/quantity(q)
combination;

- the unit value; and

- the total merchandise trade, the total value of agricultural products and the ratio between these two values.

58



6.3.3  Data validation for reporter countries with an example

For reporter countries, the FAO trade data validation process offers the following options for data flagged as
outliers. These corrections will be applied at the item level to the trade flow of the product:

Measurement factor

If the quantity or value are determined to have been reported with an incorrect measurement unit, for example
a value can be off by a factor of 10, values can be corrected according to that factor.

Mirror flow
As described above, the flow of the partner (if it exists) is used, adjusted for CIF/FOB differences.
Outlier detection and imputations

The value outside of the limits (outlier) is deleted and replaced using one of the following three alternatives. The
outlier check is per product:

- Median partners: Median value with respect to all partners.
- Median world: Median value of the unit value of all reporters to all partners.
- Moving average: Moving average of the preceding three years.

Publication

When no other correction is applicable, data may be found in external publications.

Estimation

If no other correction is deemed appropriate, figures are assigned based on the literature or expert knowledge.

For example, Table 29 represents a possible outcome of the FAO validation process for traded values. The table
shows, for country A an outlier in year 6 (in bold) compared to the time series over years 1 to 5.

Table 29: Subset of the trade validation plugin

YEAR
AREA FLOW CpC ITEM 1 2 3 4 5 6
A Import 0111 Wheat 4990865 5781712 10004830 9659186 8877310 8907417
A Import 0141 Soya beans 2340974 2660352 2741886 3040452 2493107 3038983
A Import 0112 Maize (corn) 2055543 2122733 4347475 2299614 2303899 3401947
A Import 39120.01 Bran of wheat 1700848 1335005 1396264 1579597 1561956 1369992
A Import 0115 Barley 384 109 655 988 562 777 889319 2383928 1585200
A Import  01921.02 Cotton lint 914377 751703 946099 1064782 1191084 1148397
A Import  21910.07 Cake of sunflower seed 965 137 834489 1091154 1043748 763 104 681973
A Import 01445 Sunflower seed 640 442 712122 1239492 1206590 734179 5563 693
A Import  21910.03 Cake of soya beans 384 109 655 988 562 777 889319 2383928 1585200

Source: Authors’ own elaboration.

The product sunflower seed has a value that is notably higher in comparison to its historical data. This requires a
review of the bilateral transactions for the import quantity, import value and unit values. This check (Table 30)
indicates that the unit value for the specified product is substantially lower and the quantity is substantially higher
compared with the historical trend.

Table 30 shows the imports for reporter A from all of its partners.
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Table 30: Total sunflower seed trade of country A

YEAR
AREA ITEM CPC ELEMENT 1 2 3 4 5 6
A Sunflower seed 01445 Import quantity [t] 640 442 712122 1239492 1206590 734179 5563693
A Sunflower seed 01445 Import value [1000 $] 356 471 361 115 568 306 628 373 542 090 647 689
A Sunflower seed 01445 Import UV [$/t] 557 507 458 521 738 116

Source: Authors’ own elaboration.

Looking further at the countries trading with country A, the issue has been identified in the flow between country
A and country B reported in Table 31. The unit value appears to differ from the historical series by a factor of 1000,
while the reported quantity is unusually high.

Table 31: Example of bilateral trade flow of country A and country B

YEAR
REPORTER PARTNER FLOW CPC ELEMENT 1 2 3 4 5 6
A B Import 01445 Import quantity [t] 6 196 4549 4254 4314 5064 4742000
A B Import 01445 Import value [1000 $] 23200 18 199 18 162 18 002 21543 19 025
A B Import 01445 Import UV [$/t] 3744 4001 4270 4173 4254 4012

Source: Authors’ own elaboration.

A verification against country B’s exports data has been conducted (Table 32) using country B’s reported data. This
indicates that data for both quantity and unit value are consistent with the historical values.

Table 32: Example of bilateral trade flow of country B and country A

YEAR
REPORTER PARTNER FLOW CPC ELEMENT 1 2 3 4 5 6
B A Export 01445 Export quantity [t] 7 889 5869 6241 5617 7 605 5762
B A Export 01445 Export value [1000 $] 28 300 19 162 20002 20520 22670 23678
B A Export 01445 Export UV [$/t] 3587 3265 3205 3653 2981 4109

Source: Authors’ own elaboration.

Given that the data for these flows suggest a possible digit error in the quantity, the analyst may choose to use
the measurement factor approach to correct the flow. By applying the measurement factor, the reported quantity
of the product flow from country A to country B will be recalibrated and divided by 1000, resulting in a flow that
is in line with the time series (Table 33). Once this flow is corrected, the revisions are reflected in the total trade
values (Table 34).

Table 33: Example of bilateral flow of country A and country B with the measurement factor applied

YEAR
REPORTER PARTNER FLOW CPC ELEMENT 1 2 3 4 5 6
A B Import 01445 Import quantity [t] 6 196 4 549 4254 4314 5064 4742
A B Import 01445 Import value [1000 $] 23 200 18 199 18 162 18 002 21543 19 025
A B Import 01445 Import UV [$/t] 3744 4001 4270 4173 4254 4012
Source: Authors’ own elaboration.
Table 34: Total sunflower seed trade of country A after correction
YEAR
AREA ITEM CPC ELEMENT 1 2 3 4 5 6
A Sunflower seed 01445 Import quantity [t] 640 442 712122 1239492 1206590 734179 826 435
A Sunflowerseed 01445 Importvalue [1000$] 356471 361115 568306 628373 542090 647 689
A Sunflower seed 01445 Import UV [$/t] 557 507 458 521 738 780

Source: Authors’ own elaboration.
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6.3.4

Data validation for non-reporting countries with an example

As mentioned, trade values for non-reporting countries are obtained from their reporting trade partners through
mirroring. While the quantities are retained, the values are adjusted by a factor to account for the CIF/FOB price
differences.

For example, in the following scenario, a missing value was identified in year 6 for country A (Table 35).

Table 35: Example of data validation for non-reporting countries

YEAR
AREA FLOW CPC ITEM 1 2 3 4 5 6
A Import 0111 Wheat 99 326 114 384 101 017 110982 124 047 122 507
A Import 23161.02 Rice, milled 75 505 73 463 59 570 105 986 57 803 43345
A Import 21121 Meat of chickens 61275 64 961 66 633 71830 73025 79 176
A Import 24320 Malt 19074 22 105 20031 21788 27 471 19 533
A Import 02122 Sheep 20 000 20 000 20 000 20 000 20 000 20 000
A Import 21124 Meat of turkeys 14 044 14 487 13170 12 551 12 503 7 496
A Import 21151 Edible offal 9161 9329 8538 8776 10371 8819
A Import 23520 Refined sugar 8113 8328 9974 9593 4939 NO DATA
A Import 23710 Uncooked pasta 8357 9451 5950 9 266 5468 6983

Source: Authors’ own elaboration.

Refined sugar has no data in year 6. This means that neither country A nor any of its partners reported any data

in year 6 for this product. Under such circumstances, the analyst first needs to verify if the true value is actually

zero or if data is missing. If, after examination, it is confirmed that there is a genuine absence of data, the analyst
should verify the information with alternative data sources. If alternative data are found, these should be included
by labelling them with the appropriate flag, and accompanying them with metadata that report the source.
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FOOD SUPPLY

7 FOOD SUPPLY

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

7.1 Data sources

In the FBS methodology, the variable food (food supply) is probably the most important, as it is the basis for the
dietary energy supply calculation. As already stressed in Section 2.1 and in the introduction, this represents the
food available for human consumption to the resident population and not the real food consumption pattern of a
country.

Directly measured data on food supply, as defined in Section 2.1, may be difficult to obtain. FAO obtains food data
from countries primarily via its annual production questionnaire and missing data are estimated using a procedure
that uses consumption data collected by household surveys. The procedure assumes that food available is either
consumed or wasted. However, a number of caveats and adjustments need to be made before such data can be
used to inform estimates of food supply because of some limitations in the data provided. Indeed, such surveys
are usually carried out for small periods of time and rather infrequently — typically once every three or five years,
and sometimes less frequently.

7.2  Approach followed in food supply estimation

The approach proposed starts with the definition of a reference period, which is a time range. This parameter is
composed of two fields: the min reference year ¢, ,;;, and the max reference year t,. ;.. The time range selected
is crucial for accurate results, as it determines when estimations are started.

The food supply value for the reference year t,. is then computed using the average of values for all years in the
specified time range. This establishes a starting point for the imputation, working both forwards and backwards
from this reference year, as elaborated below.

Estimation works differently for products classified as food estimates or food residuals: food estimates are
products that can have several utilizations (e.g. food and feed), while food residuals are goods for which food is
the only utilization and can, therefore, be calculated as the balance of production minus net trade.

If some figures in the reference year are official, these are considered protected and never overwritten.

For food estimates the value for food is estimated as described below. However, food residuals are computed
during the balancing procedure. As will be seen in Section 14, for the food residual group of products, the amount
of production net of trade goes to food only when greater than zero. When net trade is negative, food is
recorded as zero.

Imputation for food estimates

These steps apply to food estimates. Once the reference year ¢, is set, imputation takes place for any following
(and preceding) year t as a function of a known level of food supply in the reference year, adjusted for changes
due to income and population (captured by a trend factor). In a stylized form, imputed food supply is:

Equation 29: Imputed food supply — general function

food,,,, = f(food.,)
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where t,., 4 is the year to be imputed, t, is the reference year for forward imputation (for backward imputation, the
year to be imputed is t,._;) and f is the functional form chosen that has the following parameters: population, gross
domestic product (GDP), elasticity of demand for the particular food product, and previous food supply figures.

Population estimates used by FAO come from the United Nations Population Division and include, to the extent
known, migrants, guest workers and refugees. However, they do not include tourists. Indeed, in the current
methodology, tourists are accounted for as a separate variable (see Section 12).

GDP data are retrieved from the World Bank and the United Nations Conference on Trade and Development
(UNCTAD).

The approach is based on Engel’s law, an empirical regularity in economics first described by the statistician Ernest
Engel in 1857: as family income increases, the share of income spent on food decreases (Perthel, 1975). Engel’s
law stems from the fact that the income elasticity of the demand for food is normally positive but smaller than 1.
This regularity is verifiable at different scales. At the national level, it shows that countries with higher average per
capita income have on average a lower proportion of income spent on food.

FAO has estimated elasticities for all food items for internal use using models made on each country—product
combination based on the work of Salathe (1979). Elasticity estimates are constant over country—product
combinations. Four different functional forms have been identified: linear specification (Equation 30), a log-log
specification (Equation 31), a semi-log (Equation 32) and a log-inverse (Equation 33) function.

All equations for all products and all countries have been parameterized with an income elasticity ¢; for every
country i, product j and a time factor ¢;.
Equation 30: Linear specification

population,;

ood,;; = foods_4;; X ———
foodsj = foodiy, population,_, ;

Equation 31: Log-log specification

population,; si’jxlog(
Xe

GDPy; )
population,_y;

— GDP¢_q
fOOdt,i,j = fOOdt—l,i,j X t-1i

Equation 32: Semi-log specification

food,; i = food ..xmx 1+4¢&.:xlo GDPt,i
ti,j t—1,i,j populationt_l,i i,j g —GDPt—Li

Equation 33: Log-inverse specification

population; y ei,,-x(1 GDPt—l.i)
LT e

.= .. " GDPy;
food“_] foodt_l’l_] X population, . ti
i

where:

- foodg;;isfood in country i for year t and product j to be estimated;
- food;_q;jisfoodin country i for year t — 1 and product j;

- population,; is the population in country i for year ¢;

- population,_, ; is the population in country i for year t — 1;

- g j is the elasticity for the i; j country—product combination;

- GDP, ; is the GDP per capita in country i for year ¢; and

- GDP,_, ; is the GDP per capita in country i for year t — 1.
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If there is any country or product with a missing elasticity value, the elasticity is imputed by taking the average x
elasticity of that product across countries that are in the same income group.'® Moreover, elasticities are tested
for outliers with the following criteria:

Equation 34: Elasticity outlier detection criteria

x<x—20 lower outlier

23U LR ORGP U7 {x > X+ 20 upper outlier

where:

- X is the average elasticity; and
- o is the standard deviation of the elasticity of a specific product across countries that belong to the same
income group.

When an outlier is detected, it is replaced by the average elasticity for that income group.

18 The World Bank updates the income group classification each year in July, based on the gross national income per capita of the
previous calendar year. For more details, see https://datatopics.worldbank.org/world-development-indicators/the-world-by-income-
and-region.html.
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8  STOCKS VARIATION

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

8.1 Data sources

Stocks of agricultural products are held by a variety of economic agents, including households, farms, processing
or trading companies, government agencies and international relief organizations such as the WFP. A number of
factors determine the amount of stocks held, including economic conditions, demand and supply fluctuations,
trade policies, and seasonal variations. Stocks are generally held for smoothing consumption, but also sometimes
for speculative purposes. They also constitute strategic reserves against food shortages.

Medium-term stockholding is confined to a few non-perishable items that are considered critical for a country’s
food security. These are usually grains, sugar, pulses and some oilseeds. Short-term stockpiling, from one
marketing year to the next, can be done for various other items, including horticultural products (e.g. apples and
potatoes), processed horticultural products (e.g. frozen concentrated orange juice and canned tomatoes), or
processed dairy products (e.g. butter and cheese). The accurate measurement of total stockholdings among all
actors, especially for primary food products, is a critical policy priority because stock levels can both influence and
be influenced by food prices. Nevertheless, accurate estimates of total stocks are not frequent due to difficulties
in determining levels that may exist at any point in the supply chains.

The limited collection of data on stocks at the national level is directly reflected in the poor availability of stocks
data. To compute FBS, estimates of stocks for primary commodities and a list of named “stockable items” are
retrieved as far as possible from authoritative sources, such as the Agricultural Market Information System (AMIS)
database,'® which estimates closing stocks levels for maize, wheat, rice and soyabeans for more than 20 of the
world’s largest producer and consumer countries of those commodities. Similar stocks data are also available from
the Production, Supply and Distribution (PS&D) online data provided by the United States Department of
Agriculture’s (USDA) foreign agricultural service.?® Similarly, estimates of global sugar stocks can be accessed from
F.O. Licht?! and stocks estimates for numerous oils and fats can be sourced from Oil World.?? Data from the USDA
PS&D database are collected according to specific selection criteria (see below) to be consistent with existing
production and trade time series in the FAO database. All data are analysed and selected using the imputation
methodologies detailed below.

8.2 Estimation model

Stocks variation (Astocks) enters the SUA identity of Equation 1 on the supply side but it can be positive or
negative. Stocks values that are missing after data harvesting and selection criteria applied are estimated.

Assuming that stocks are maintained mostly to smooth consumption levels between harvests (FAO, 2017a), it is
possible to estimate stocks variation for year t as a “supply smoother”. The hypothesis is that stakeholders have
an interest in keeping fluctuations in the available supply within certain thresholds for various reasons (e.g.
decision-makers will promote withdrawals from or increases in stocks as necessary to prevent shortages of food
staples, particularly when considering traded quantities).

19 See https://app.amis-outlook.org/#/market-database/supply-and-demand-overview.
20 See https://apps.fas.usda.gov/psdonline/app/index.html#/app/home.

21 See http://www.fo-licht.de/.

22 See https://www.oilworld.biz/.
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Therefore, estimating stocks variation requires a smoothed representation of supply. The current FBS
methodology uses a regression method that links available data on production, imports and exports.

In particular, a linear model is estimated between supply including stocks (Equation 35) and supply excluding
stocks (Equation 36). Supply including stocks can be expressed with a regression equation allowing for a linear
trend as in Equation 37.

Equation 35: Supply including stocks

supplyin. = production + imports — exports — Astocks

Equation 36: Supply excluding stocks

Supply,.. = production + imports — exports

Equation 37: Supply linear trend

sSupplyine = a + B X supply.,. + 6§ X trend + ¢
where:

- supply,. is the supply including stocks and is defined only when variation is available;

- supply.,. is the supply excluding stocks;

- trend is the linear trend;

- a, B and § are, respectively, the intercept and slope parameters to be estimated by the model; and
- € is the error term of the equation.

The estimate of supply including stocks, is forecast using trend and supply,.,., which can be estimated from

available production, imports and exports data (either unofficial or imputed). The predicted value (supplyiflrced)

will be obtained as :
Equation 38: Estimation of supply including stocks

supplyi’:lrced = @+ f X supply,,. + 8 X trend

where &, [? and § are the parameters estimated for Equation 37. It follows that stocks variation can be obtained
as:

Equation 39: Estimation of stocks variation

AstocksPTd = supplyey. — supplyf red

mc

8.3  Stocks variation: an example

Consider an example based on wheat production, imports, exports and stocks variation data over the 20002017
period for a hypothetical country. Values are reported in Table 36. It is assumed that no data for stocks variation
are available for the years 2014-2017, and production, imports, exports and stocks of the previous years have
already been validated by country analysts in a previous FBS compilation cycle.
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Table 36: Stocks variation example for wheat

YEAR  PRODUCTION IMPORTS EXPORTS Suppline  supplyeye  supply?re® AstocksPe

2000 220 103 68 220 255 329 35
2001 532 54 64 522 522 374 0
2002 537 1 14 393 523 383 130
2003 715 5 204 387 517 390 130
2004 800 0 319 386 481 394 95
2005 620 0 613 352 7 335 -345
2006 800 1 251 379 549 420 170
2007 800 13 274 379 539 427 160
2008 800 0 580 390 220 390 -170
2009 1067 0 869 438 198 396 -240
2010 1402 0 1104 388 298 418 -90
2011 1464 0 651 483 813 499 330
2012 1561 1 1455 437 107 408 -330
2013 1430 69 440 559 1059 550 500
2014 840 54 357 468 537 485 52
2015 1139 1 872 490 268 455 -187
2016 1144 0 806 494 339 474 -135
2017 1020 3 351 523 673 529 144

Source: Authors’ own elaboration.

First, the parameters of Equation 38 are estimated. The following model is obtained:

supply.pred = 284.43 4+ 0.14 X supply.,. + 8.34 X trend.

mc
Then, AstocksP™¢? is estimated using Equation 39. For example, in 2015, this value is obtained as:

AstocksP®? = supply,ye — supply-pred =268 — 455 = —187.

mc

This value is shown in Figure 14,

Figure 14: Example of supply including and excluding stocks
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9 FEED USE

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

9.1 Data sources

Feed use in FBS is the quantity of a given commodity prepared from an edible agricultural product that is fed to
live animals or fish. For some crops such as soyabeans and maize, feed use can be the main use. Feed use may be
subject to fluctuations following changes in the relative prices of feed products and livestock products. However,
the total nutrient availability across all feed sources is expected to remain relatively stable, at least with reference
to livestock production units.

In the current FBS methodology, feed use is computed based on livestock production. The model integrates data
on the country’s livestock population, the nutritional requirements for each output, and the expected share of
feed in the rations. This feed proportion, in turn, is influenced by the characteristics of the livestock production
systems. The model also considers information on the supply of primary commodities used as feed ingredients as
reflected in the FBS at both the country and product levels.

9.2 Estimating feed use

The approach is demand-driven, i.e. feed use results from feed requirements of herds measured in energy and
protein units, as these are the two main drivers of feed composition. Energy requirements tend to be primarily
satisfied through forage, roughage and cereals, while protein requirements tend to be primarily satisfied through
legumes and oil crops. Given data availability, the model cannot take into account micronutrients, such as amino
acids and vitamins requirements.

The largest part of the feed use commonly arises from the energy and protein requirements of livestock and
poultry. In addition, feed used in aquaculture tends to be significant (especially in some Asian countries), and is
increasing in volume, which is why it is taken into account. Feed for livestock and poultry and feed for aquaculture
are computed separately, and then added up to obtain total feed:

Equation 40: Feed balance

_ pnlivestock aqua
Dj,t - Dj.t + Dj,t

where:

- D}_"t"e““k is the feed demand for livestock in country j and reference period t; and

Djafua is the feed demand for aquaculture in country j and reference period t.
The model compiles estimates of the annual total feed use of a country in energy units (measured in thousands of

megajoules [MJ]) and protein units (measured in tonnes).

The overall flow is described in Figure 15. First, the biological requirements for livestock are estimated in terms of
protein and energy needs. These requirements are then standardized to a common unit (animal unit) for all species
and adjusted by an intensity factor, which accounts for compound feed. Next, a procedure is applied to calculate
the final figures for livestock feed demand. This process takes into account the proportion of each potential feed
type in the total available feed production and allocates the total requirement accordingly. Feed for aquaculture
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is retrieved from the FAO fisheries and aquaculture website.?? The feed values for livestock and poultry are then
combined with those for aquaculture to determine the total feed requirement.

Figure 15: Feed overall workflow

Calculation of biological
requirements
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Legend

Conversion of requirements to

animal unit
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* Intermediate data

Other FAO sources

i
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Source: Authors’ own elaboration.

9.3 Livestock feed demand

9.3.1 Biological requirements

Biological requirements consist of energy and protein requirements.
Energy requirements defined

In general, energy available from feedstuffs has been classified as gross energy (GE, digestible energy (DE),
metabolizable energy (ME) and net energy (NE) (National Research Council, 1994, 1998). GE does not depend on
the species that takes it in, but entirely on the composition of nutrients in feedstuffs, as it includes energy from
indigestible ingredients that are excreted by the animal after consumption. The digestible component of GE, i.e.
DE, varies across feed species as it depends on the individual animals’ digestive systems. Subtracting the urinary
and gaseous energy losses from DE, gives ME. NE represents the energy that remains after subtracting energy
released as heat as a result of digestive and metabolic processes.

ME is chosen as the preferred category for the measurement of energy requirements, as it represents the energy
intake that is fully used by the animal, i.e. not excreted unused, and is at the same time species-specific.

23 See https://www.fao.org/fishery/en.
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Protein requirements defined

Protein requirements are usually indicated as a percentage of the dry matter intake of the feedstuff. Animals
require specific components of protein, which are amino acids (National Research Council, 1998). To simplify the
feed requirement estimation, the amino acid requirements are expressed in corresponding amounts of crude
protein measured in g or kg, although the exact amount of required protein also depends on the quantity of
relevant amino acids contained in each unit of crude protein fed.

Estimation of biological requirements

These estimations are driven by prediction formulas tailored to specific species, considering their relative
importance and the availability of pertinent data. To ensure practicality and applicability, average expected
requirements are incorporated into these formulas, providing a standardized basis for calculation. Energy
requirements are computed as ME and are primarily expressed in the preferred unit of MJ per year. Additionally,
protein requirements are approximated in grams per day, using the concept of crude protein (CP) needs.

In a general form, protein and energy requirements (R) of the animals of species i in country j in year t can both
be estimated as the sum of the number of animals (N) of each species (i) multiplied by the average annual
requirements (r):

Equation 41: Biological requirements by species — version 1

1
R;; = Z Nije X Tije
=1

where:

- R; ; refers to requirements in country j in year t for all species i;
- Nj j ¢+ is the number of animals of species i in country j in year t; and
- 73 j¢ is the average annual requirements of animals of species i in country j in year t.

The model accounts for the following seven animal species:

Cattle (buffalo and camels)

Sheep and goats

Pigs

Poultry (chickens, geese, ducks and turkeys)
Horses

Asses and mules

Rabbits

No vk wbnR

The average biological requirements (1) are compiled using a method based on models from the National Research
Council of the Academy of Science of the United States of America (NRC)?* and the Livestock Development
Planning System tool (LDPS2) developed by FAO.? The final model is based on linear regressions and biological
requirements are based on the need to produce the main livestock products (namely milk, eggs, and meat
production), which in particular is included through the approximate weight gain. Accordingly, the average
biological requirements are calculated as:

24 The NRC has issued guidelines on nutrient requirements available at https://animalnutrition.org/nrc_reports. These have been
published by the National Academies Press for a range of species, including beef (2016), dairy cattle (2001), dogs and cats (2006), fish
and shrimp (2011), horses (2007), poultry (1994), small ruminants (2007) and swine (2012).

25 See https://www.fao.org/4/x5878e/X5878e01.htm.
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Equation 42: Average biological requirements
Tije = f(Wg,lj,t:P?j,t)

Equation 42 states that the requirements (ri’_},t) in terms of macronutrient n, for the animal species i in country j

and year t are a function of weight Wi’,‘]-,t and production pi’,‘j,t.

9.3.2 Animal units

To facilitate the calculation of biological requirements and to make different animal species comparable, an animal
unit is used. Animal units link the different classes of animals mentioned above to one chosen base unit in terms
of a property that is to be captured (e.g. weight, feed consumption, energy requirement, monetary value) so that
heads can be expressed in one single unit. Any given animal type may then be expressed as a share or multiple of
the base unit or property that livestock share across species (e.g. one cow is equal to ten sheep or one cow is equal
to two tonnes of feed).

For the purpose of estimating energy and protein demands per country and year, two units, the energy animal
unit (AUE) and protein animal unit (AUP) are established for each set of species, country and year (Gerber et al.,
2013).

Estimation of animal units

First, the base unit is established using the Livestock Development Planning System base unit, which represents a
dairy cow weighing 500 kg, producing 3 500 kg milk per year and calving every 13 months. This hypothetical cow
is expected to require 35 600 MJ of metabolizable energy and 319 079 kg of crude protein per year. Those values
represent the base unit consumption 7. In the feed demand model, the animal unit index for species i and for
macronutrient n (energy or protein) takes the following form:

Equation 43: Animal unit index

n
un _Tije
ijt = n

To
where:

u{fjlt is the animal unit index of species i in country j in year t for macronutrient n;
- r{}-lt is the average annual requirements of species i in country j in year t for macronutrient n; and
- 1§t is the base unit consumption for macronutrient n.

These values are used in Equation 41 and Equation 42 yielding:

Equation 44: Biological requirements by species — version 2
1
n _ ,.n n
Riy =13 Z Nije X uije
i=1

where:

- Rj’_‘t refers to requirements in country j in year t for all species i for macronutrient n;

- ' is the base unit consumption for macronutrient n, i.e. 35600 MJ and 319 079 kg of crude protein
respectively;

- Ny is the number of animals of species i in country j in year t; and

- u}fj’t is the animal unit index of species i in country j in year t for macronutrient n.
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9.3.3  Accounting for forage and roughage: the intensity factor

Types of feed

In practice, animals are fed a variety of plant-based materials. In traditional pasture- and backyard-based production
systems grazing, hay, table scraps and other waste products account for a large proportion of the animals’
consumption, while in modern industrialized feed lots, oilmeals and grains have become increasingly important.

For the construction of SUAs/FBS, forage products and roughage are not of interest and have therefore not been
included in the definition of feed use. However, it is necessary to determine the amount satisfied through
compound feeds.

Intensity ratio and its relation to feed

To estimate the actual feed demand, the biological requirement is deflated by a factor representing the proportion
of the requirements satisfied by consumption of forage or roughage, called the intensity factor. It can vary across
countries and over time due to differences in animal characteristics, methods of animal husbandry and technology.

Levels of feeding intensity depend first on the type of livestock. Ruminants require larger shares of forage and
roughage in their diet than pigs and chickens. Feeding intensity also changes over time, especially in economies
with fast-growing per capita income and rising demand for animal products, where the intensity of livestock
production tends to increase across all reared species. In contrast, in countries where the demand for animal
products is more stable, and mostly saturated, little increase in intensity should be expected.

Modelling the intensity ratio in practice

With the Global Livestock Environmental Assessment Model (GLEAM),?® data on the size of different production
systems and the representative feed baskets of these systems, broken down by animal species and country, were
collected for the first time in 2005. Therefore, to model a complete annual time series of the feeding intensity, the
data provided by GLEAM for 2005 have been used as a starting point, as these allow the calculation of the
proportion of forage and roughage in the total consumption of animals.

Additionally, for earlier years, namely 1981-1983 and 1991-1993, and for much broader geographic units
(geoeconomic regions), a global study on the interaction between livestock and the environment (Seré, Steinfeld
and Groenewold, 1996), provided estimates of the feeding intensity factors for global livestock production systems.

The two datasets have been harmonized, and the GLEAM dataset aggregated for each geoeconomic region to
generate three cross-sections for 1981-1983, 1991-1993 and 2005, each consisting of the same seven regions.
Using these data as a base, coefficients associated with livestock density for cattle and labour productivity in
agriculture for other species are estimated using a (pseudo-) panel regression. The estimated coefficients have
been used to extrapolate the country-level GLEAM data of 2005 to other years, based on the developments of the
auxiliary variables in the individual countries.

Adjusting demand for feed by intensity ratio

Recalling Equation 40 and Equation 41, the livestock demand for feed can be expressed for energy and protein as
follows:

Equation 45: Demand for feed

I

nlivestock _ ..n n
Dj¢ =13 Z Nije Xuije X IR j¢
i=1

26 See https://www.fao.org/gleam/en/.
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where:

- D}ku"esmd‘ is the demand for livestock of macronutrient n for feed in country j and year t;

- rgtis the base unit consumption for macronutrient n;

- Nj j ¢+ is the number of animals of species i in country j in year t;

- u{fj,t is the animal unit index of species i in country j in year t for the macronutrient n; and

- IR; j; is the intensity factor of animals of species i in country j in year t and reflects the intensity of animal
farming. It can take values between 0 and 1, where 1 indicates fully intensified production, in which animals

are raised entirely on feeds (typically compound feed), and 0 indicates full use of forage and roughage.

9.3.4 Feed disaggregation procedure

Estimating feed use for a specific product also requires the overall domestic availability of feed products in a
country. The model assumes that relatively scarce products are less likely to be used as feed than abundant ones.
This notion is driving the disaggregation of total feed demand in the feed model.

This procedure does not apply to official figures, which are left unchanged and never overwritten. In practice, if a
value for feed use is reported in a questionnaire, it will be subtracted from the total demand for feed (computed
on the basis of the procedure described above), and only the remaining demand for feed is allocated to the other
feed products on the basis of the energy and protein requirements.

Products and their potential for feed
FAO classifies the products of the SUAs into three categories depending on their potential to be used as feed:

- not for feed products, are all products that are evidently not used for livestock-feeding purposes, such as
most processed food products, for example, butter or flour, and that have already been ruled out by the
application of the feeding intensity factor;

- feed-only products, are all products that are exclusively used as feed, in particular all oilseed meals, oilmeal
cakes that are generated as by-products in the vegetable oil production, as well as the by-products of grain
processing, most importantly dried distillers grains and brans, except breakfast brans; and

- potential feed products, are all products that may be used, at least to some extent, also for other purposes
than feed, in particular grains, tubers, pulses and fruits.

The not for feed products are not taken into account in the disaggregation of the estimated total feed demand.
On the other hand, the amounts allocated to the feed-only products are equal to their respective domestic
availability, as their utilization for purposes other than feed is considered to be negligible.

Determining the total feed demand to be allocated

Accordingly, the total energy and protein demand to be allocated among potential feed products is reduced by
the available quantities of all feed-only products, transformed into energy and protein units.

In addition, the quantity of feed use coming from official figures is subtracted in this step, which gives the residual
demand for energy and protein to be satisfied through the potential feed products:

Equation 46: Residual demand

RDj; = Dj — Z Afo,jt X Nro — ODJ}
fo

where:

- RDJ?’"‘t is the residual demand in country j and year t for macronutrient n (energy or protein);
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- Dj',‘t is the feed demand in country j and year t for macronutrient n;

- Nso represents the macronutrient conversion factor;

= {ro,jt is the quantity of feed-only items in country j and year t; and
- OD}} is the demand resulting from official figures in country j and year t for macronutrient n.

In Equation 46, the figures for feed use coming from official sources are first subtracted from RD]-'ft, thus giving a
second form of residual demand, for which the actual use of feed should be proportional to the relative availability
of feed, measured in energy and protein units. For example, in a country where maize is relatively more abundant
than wheat, more maize than wheat is expected to be fed. More precisely, available nutrients in potential feeds
can be accounted for due to the dualistic demand estimation. This implies that a country will use relatively
abundant energy-rich products more than energy-poor products. The same holds for protein and leads to a more
accurate calculation of feed availability considering the macronutrient structure of animal diets.

Allocating potential feed demand among potential feed items (1/3): estimating availability shares

Potential feed items are allocated proportionally to the share of their availabilities; which is the availability of each
potential feed product to the total availability of potential feed products in each country and year. In particular:

Equation 47: Availability share of a potential feed item

_ _ Iorjt X My
Lpf Apf.je X Npf

n
Apr.jt

where:

az’,‘f‘j‘t is the availability share of a potential feed item (pf) in country j and year t for macronutrient n
(energy or protein);

- dps,jt is the available quantity of the given potential feed item (pf) in country j and year ¢t for
macronutrient n; and

- np s represents the macronutrient conversion factor for each potential feed item (pf).

The availability share of a potential feed product for macronutrient n (a;‘f,j,t) is equal to the availability of this
nutrient from the given potential feed product (q,f ;: X nps) divided by the whole macronutrient supply
generated from all potential feeds. The energy and protein nutrient conversion factors are expressed in
megajoules of metabolizable energy (MJME) per kg and in percent of dry matter for energy and protein,
respectively.

Equation 47 provides two different sets of availability shares: one for energy and one for protein availability. These
can be applied to the residual feed demand to calculate the amount of feed demand met by each feed product.

Allocating potential feed demand among potential feed items (2/3): selecting a set of availability shares

As feed use of a product is determined using only one availability share, a decision rule to select between energy
and protein availability shares is required. In that context, three different cases can be distinguished:

(i) one set of availability shares leads to sufficient energy and protein supply to cover the demand for both
types of nutrients;

(ii) both sets of availability shares lead to sufficient energy and protein supply to cover the demand for both
types of nutrients; and

(iii) none of the two sets of availability shares leads to sufficient energy and protein availability to cover the
demand for both types of nutrients.

Case (i) is straightforward, and the allocation that meets both demands is chosen.
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Cases (ii) and (iii) are more difficult as both sets of shares are equal in their ability to meet (or not) the demand for
both types of nutrients.

For case (ii), since each set of availability shares meets the demand for its respective type of nutrient, i.e. the
energy set meets the energy demand and the protein set meets the protein demand, a set of availability shares
represented by the maximum values of each pair of shares must at least satisfy demand for both types of nutrients.
Likewise, the set of the minimum values of each pair of shares will not satisfy both demands.

Therefore, the range of possible solutions is bounded by these sets of minimum and maximum shares. At this
point, an allocation algorithm is applied that starts from the minimum amount and calculates the additional
quantities of feed needed to satisfy the requirements, in accordance with the relative availability of nutrients in
feedstuffs. This allocation is performed via a linear optimization mechanism that gives preference to nutrient-rich
feeds to arrive at the optimal allocation that meets both demands by minimizing actual feed quantities.

For case (iii) the same rationale as for (ii) is applied, subtracting the maximum amount of feed to obtain the optimal
allocation that meets both demands.

Allocating potential feed demand among potential feed items (3/3):final allocation

Having established a set of availability shares, the final allocation procedure is applied by multiplying the shares
by the residual feed demand. These amounts are then converted into actual quantities of feed by dividing by the
respective macronutrient content factor. The result is directly assigned to the potential feed as final utilization.

Equation 48: Feed quantity assignment

n

Fo = GoritX RD;;
pfjt —
Npf

where:

- Feyy j ¢ is the final quantity of feed for the potential feed item pf in country j and year ¢;
- a;,‘f,j,t is the availability share of the potential feed item pf in country j and year t for macronutrient n

(energy or protein);

- RDJ?} is the residual demand in country j and year t for macronutrient n (energy or protein); and

- Ny is the specific nutrient content factor of the potential feed item pf.
Example of feed disaggregation

In the example in Table 37, cattle has the highest demand. Camels and rabbits are not farmed, and the number of
goats and mules is negligible. Therefore, their requirements are equal to zero when converted.

Table 37: Example of feed demand estimation

ANIMAL NUMBER AUE AUP IR ENERGY DEMAND Df (MJ)  PROTEIN DEMAND D¥ (Mt)
Cattle 11535000.00 1.1323885 0.2868086 0.4822851 224 267 789 506 508 984.12
Buffalo 813900.00 0.0650027 0.0741583  0.2356970 443 921 667 4538.12
Goats 30026.39 0.0000000 0.0000000 0.2356970 0 0.00
Pigs 13935000.00 0.2202864 0.1195400 0.9851761 107 661 025 314 523 509.74
Chickens 168 608 522.99 0.0129327 0.0321377 0.9645101 74 872 892 714 1667 217.63
Turkeys 5696 165.36 0.0757045 0.0796998 0.9645101 14 806 786 686 139 680.96
Geese 328539.87 0.0375192 0.1059744 0.9645101 423 251299 10712.39
Ducks 1459196.93 0.0201131 0.0461497 0.9645101 1007 743 656 20719.54
Horses 399345.27 0.6155621 0.4102391 0.4720046 4130633 317 24 667.35
Mules 4000.00 0.0000000 0.0000000 0.4720046 0 0.00

TOTAL DEMAND 427 614 044 159 2900 029.85

Source: Authors’ own elaboration.
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Once the total energy and protein demand have been calculated, energy and protein from feed-only products and
from official demand have to be subtracted from the total demand to obtain the residual demand in country j and

year t expressed in energy and protein. For the given country and the given year, the amounts of residual and
official energy and protein availability are reported in Table 38. The residual energy and protein demand are
obtained from Equation 46 as:

RDMJ = 427 614 044 159.00 — 65 292 460 386.85 — 37 003 320 000.00 = 325 318 263 772.03
RD9 =2900029.85—-2130673.37 — 337 856.40 = 431 500.076

Table 38: Example of feed demand estimation

FEED-ONLY FEED-ONLY OFFICIAL FEED OFFICIAL FEED RESIDUAL RESIDUAL

ENERGY PROTEIN ENERGY PROTEIN ENERGY PROTEIN

AVAILABILITY AVAILABILITY AVAILABILITY AVAILABILITY DEMAND DEMAND
65 292 460 386.85 730 673.37 37 003 320 000.00 137 856.40 325318 263 772.03 2031 500.08

Source: Authors’ own elaboration.

These amounts are allocated to potential feed products proportionally to a share of their availabilities, through
the formula expressed in Equation 47 and via an optimization mechanism that gives preference to nutrient rich
feeds in order to arrive at the optimal allocation that satisfies both demands by minimizing actual feed quantities.

Table 39: Example of feed demand estimation for potential feed products — final values

ITEM FEED ALLOCATED (t) ENERGY ALLOCATED (MJ)  PROTEIN ALLOCATED (Mt)
Maize (corn) 8953950.24 128 041 488 498.86 940 164.78
Sorghum 572.39 8185 226.02 61.82
Barley 4918 610.75 68 860 550 524.63 580 396.07
Rye 40521.37 551 090 654.76 4173.70
Oats 1575 879.69 22 062 315 616.25 173 346.77
Millet 11 568.05 165 423 086.21 1446.01
Triticale 32179.43 440 858 208.75 3764.99
Buckwheat 1739.54 24 875 362.73 187.87
Mixed grain 1626.93 23265 141.34 162.69
Sugar cane 889.76 12 278 755.65 36.48
Buttermilk, dry 15.94 194 510.76 1.99
Dairy products n.e.s. 41.19 502 532.68 5.15
Germ of wheat 71317.14 1112 547 350.59 21 038.56
Germ of maize 308 199.34 4438 070432.94 46 538.10
Cereal preparations 1044.16 14 931 455.13 104.42
Bran of oats 78 103.47 1171552 097.70 15 073.97
Bran of pulses 79 680.92 1139437 125.36 17 131.40
Cocoa husks and shells 8 860.53 131 135 849.64 832.89
TOTAL 23629 374.52 325318 263 772.03 2 031 500.08

Source: Authors’ own elaboration.
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10 FOOD LOSSES

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

10.1 Data sources

In the FBS context, the term food losses (or loss) refers, as defined in Section 2.1, to post-harvest/post-slaughter
loss; that is, to the “all quantity losses, direct and indirect, that occur during storage, transportation and
processing, up to the retail/consumption level” (FAO, n.d.b). The reason is that food availability is defined at this
point of the production chain. Accurately measuring or estimating loss is crucial, as not doing so could result in
overestimating food availability or any other utilization. Furthermore, understanding losses can help countries
identify problems in the production or supply chains and take action to maximize resource efficiency.
Incorporating losses in the equations might lead to a revision of other variables, which may have been estimated
net of losses.

Collecting data on food loss can be a complex and costly process. In fact, few countries report official data, as
requested in the FAO production questionnaire. When official data are not available, information is estimated
with a model that complements official information with alternative data sources and auxiliary data.

The alternative sources can be divided into two categories: (i) data collected from regional food loss databases
managed by governments or research projects and (ii) data harvested from the available literature (peer-reviewed
articles, grey literature, etc.). FAO standardizes, stores and regularly updates these data in the Food Loss and
Waste database.?’ These data refer to food losses along the whole supply chain or at a particular stage of the food
supply chain and constitute, with the official data, the core input values of the estimation model.

Auxiliary data provide additional information essential to improve food loss estimation and constitute the
explanatory variables in the model. They refer to several causes of food loss and affect distinct parts of the food
supply chain. The most important categories of auxiliary data include climate- and human-related factors. A
country’s climate affects yields and farm activities, storage duration, the need for special storage, and transport
facilities. Human-related factors also play a crucial part in preventing or favouring post-harvest losses. Social, trade
and income indicators provide good proxy measurements to help estimate structural food loss in a country. The
choice of auxiliary variables has been driven by the connection to food loss and waste causes systematically
identified by the High Level Panel of Experts in 2014 (HLPE, 2014), which identifies three levels of causes: micro-,
meso- and macro-level.

10.2 Estimation

In the current FBS methodology, food losses are imputed based on the methodology for SDG 12.3.1a (Food Loss
Index) (Taglioni, Rosero Moncayo and Fabi, 2023). Losses are modelled for all countries and specific products, taking
into account a large set of potential explanatory variables. The model applies a regression tree to select a subset of
eight explanatory variables. FAO runs the model annually to update the FBS and for SDG monitoring; each year a
new set of explanatory variables is selected. The pre-processed loss data and explanatory data are the inputs to the
food loss model. Preprocessing is a quality check and fills data gaps, which includes outlier detection and gap filling
of the auxiliary (explanatory) variables. Another step in preprocessing includes the estimation of losses at stages in
the food supply chain where no data are available and then the aggregation of the losses at each stage to the whole

27 See https://www.fao.org/platform-food-loss-waste/flw-data/en/.
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supply chain. The model applied is a random-effect model with the random effect by food group assuming that loss
levels are similar among products of a similar nature. The food groups considered are: cereals and pulses; roots,
tubers, and oil-bearing crops; fruits and vegetables; meat and animal products; and other products.

If a country has more than three data points available for the food group, the model estimates losses at the country
level; otherwise, estimates are based on a global model that uses all available data from any country (Figure 17),
plus a number of explanatory variables. Estimates that exceed three standard deviations from the median loss are
re-estimated in a restricted model, which only includes the country, the product, and time as covariates. Resulting
losses that exceed identified thresholds for a given food group are then winsorized.?®

The model is based on pseudo-panel data, which controls for state- and time-invariant variables and reduces
multicollinearity. It includes random effects capturing series-specific characteristics in the error component that
are not explicitly included in the covariates. The random effect is specified as:

Equation 49: Random effect model

_ T T
Yije = a+ X B+2i;y+uje

where:

- Yij¢is the logit transform of the percentage of food losses for the country i, for a given product j, at time
t;

- a is the intercept;

- xg:j‘t is a row vector of time, country and product varying explanatory variables;

iT_jis a row vector of time-invariant dummy variables based on the indices i, j (country, product); and

- u; j¢is the composite error term.

- Z

Within the current specification, the error component u;, is defined as:
Equation 50: Error component of the random effect model

Uije = Hij +Vije

where:

- Hij ~ N(O, aﬁ) is the unobservable, time-invariant, country-product effect; and
vije ~N(O, d2) is the remainder disturbance or idiosyncratic error term.

The xiT]-t are assumed independent of the error components ;;; and v; ;.
The logit transformation of the loss ratio to map the loss ratio naturally bounded in [0, 1] to (-o°, +o°).

Equation 51: Logit transformation of the random effect model
ey

1+ eY

l
y=fD)=In (ﬁ) and its inverse, | =

where [ is the loss ratio, [ € [0 1].

The model specified in Equation 49 has the same form if the model runs at the country or the global level except
for the coefficient referring to the geographical variable that refers, respectively, to the relevant country or SDG
region. At the country level, product series are often almost fixed or constant loss factors over time (e.g. around

28 Winsorization is a statistical technique used to mitigate the impact of outliers in a dataset by capping extreme values to a specified
percentile. Instead of removing outliers outright, winsorizing adjusts these extreme values to a predetermined threshold, reducing
their influence on statistical analysis without discarding them entirely.
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5 percent loss percentages for the whole time series). In these cases, a simple carry-forward of the last value of
the time series is applied, whereas for all the other series, the random effect model applies. Carry-forward is not
applied in the global model.

At the end of the estimation process, final checks apply particularly for series containing official data. Imputed
data for officially reported series must be consistent with the available official data; therefore, an a posteriori
correction is applied if the difference between imputed losses and the latest official figure is higher than 5 percent
in absolute value. In such a case, the model estimates are discarded and the series is re-imputed with ARIMA
models or carry-forward/backward method, if ARIMA cannot be applied. In so doing, estimates and official figures
are reconciled. Additional cross-checking and outlier detection are performed during the compilation of SUAs and
FBS.

Figure 16: Food estimation model workflow at the country level

1 Enough country data per food group?

Y 2R .
=

2 Is the series de facto fixed?
Yes l
Carry-forward No l Yes
estimates .
estimates model
Over upper threshold?

No l & Yes
Restricted model Food group
estimates threshold

Source: Taglioni, C., Rosero Moncayo, J.R. & Fabi, C. 2023. Food loss estimation: SDG 12.3.1a data and modelling approach. FAO
Statistics Working Paper Series, No. 23-39. Rome, FAO. https://doi.org/10.4060/cc9173en

Auxiliary

Covariate selection (regression tree)

Full model

Qutlier?

The strength of this model relies on the wide range of data sources, the use of additional explanatory variables
used as proxy for the country level of losses, the estimation by food group, and the possibility of adapting the
geographical area considered (country or SDG region) depending on the data availability.
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11 SEED

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

11.1 Data sources

FAO collects data for seed and the area sown through the FAO production questionnaire. However, although
overall response rates to the questionnaire have been rising, not all countries provide seed use estimates for all
products. Where no official seed use information is available, seed use is imputed.

The current approach has been developed to properly exploit all the sources of information to produce a coherent
and consistent output. Thus, the imputation methodology starts from an evaluation of the area sown.

11.2 Overall approach for imputation

The overall process can be summarized by two steps:, the area sown is first imputed starting from the area
harvested, then seed use is estimated with a hierarchical linear model that uses as covariates the area sown, time
and temperature. The rationale behind the inclusion of these covariates will be introduced and described below.

11.2.1 Imputation of area sown

Estimation occurs after the crop—production triplet of Equation 4 has already been calculated as production =
area harvested X yield. For this reason official or imputed data on area harvested are always available at this
stage of the process. As discussed in Section 1.2, the reference period chosen by FAO in compiling SUAs and FBS
is the calendar year, therefore seed estimates are based on this time unit.

If previous values of the area sown and the area harvested are available, then an average ratio of the area sown
in year t to the area harvested in year t + 1 is computed.

Equation 52: Average ratio of the area sown

area sown;

average ratio, =
g Y™ area harvested,,,

If the area sown is unavailable in one year, it is imputed by multiplying the area harvested in the following year by
the average ratio:

Equation 53: Imputation of the area sown

area sown; = area harvested;,, X average ratio;

The link between area sown and area harvested ensures that the final seed use estimations are implicitly
linked to the crop-production and yield. The idea is that the area sown is always equal to or greater than the area
harvested. The ratio is multiplied by the available area harvested to obtain the area sown. The average is computed
for country—product combinations. The ratio of the area sown and area harvested strictly depends on the product,
taking into account environmental factors such as the climate and soil type.

When no prior information on the area sown is available, or the ratio is erroneously lower than 1, the
average ratio; is set equal to 1 and consequently, the area sown is assumed to be equal to the area harvested.
This is an approximation that leads to feasible final imputations for the seed use component.
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11.2.2 Seed use: the model

The imputation of seed uses a hierarchical linear model. The rationale for this model is that it can capture and
model complicated trends when data are available. Moreover, the hierarchy of the model allows accurate
imputation for countries with very sparse data by pooling together global data. The model can be written as
follows:

Level 1: Observational model (response variable)

The outcome variable log(Sei,j,k) represents the log of the seed variable in country i, CPC group j and the unique
country—code (i.e. country—product) combination k. This outcome is modelled as:

Equation 54: Seed use hierarchical model - level 1
log(S e; j_k) = Po + pitemp; + frtime +f3 ]-,klog(area sown; j_k) +&jk
where:

- Bois the overall intercept;

- p is the fixed effect of temperature temp; (provided by the World Bank) in country i;

- pyisthe fixed effect of time;

- Psjk is a coefficient that varies by CPC group j and unique country—code combination k, representing the
effect of the log of area sown; and

- &k istheresidual error term specific to each observation.

This level models the outcome variable as influenced by the country temperature, time and area sown.
Level 1: random coefficient model for B3 ; i

The coefficient B3 ; , that captures the effect of area sown in each CPC group j and unique country—code
combination k is modelled as:

Equation 55: Seed use hierarchical model — level 2

B3jk = V30 + ¥31,jk (CPC code: country), + 6j

where:

- Y30 is the average effect of area sown across all CPC group j and unique country—code combination k;

- Y31,jk is @ coefficient that varies by CPC group j and unique country—code combination k, capturing the
influence of the specific (CPC code: country); on fs j x; and

- §jxis arandom error term specific to each (j, k) combination, accounting for additional variability at this
level.

This level allows the area sown effect 3 ; , to vary depending on characteristics associated with each unique
product and country combination.

Level 3: Hierarchical structure for y3q jx

The coefficient y34 j , representing the influence of the CPC code: country variable on the area sown effect in
each (j, k) combination, is modelled as:

Equation 56: Seed use hierarchical model — level 3

)/31,]',k = K310 + K311(CPC group)] + ¢]
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where:

- K310 is the overall mean effect of the CPC group predictor across all groups;
- kgpq represents how the (CPC group); influences y34 j x; and
- ¢;isarandom effect term for each (CPC group)]-, that captures group-specific deviations.

The model estimates seed use proportional to the area sown. The model also accounts for changes over time and
differences across countries; the latter are captured by the annual temperature variable, assuming that seed rates
need to be higher where production conditions are difficult, with potential late and frequent frosts, but can be
lower where production conditions are more favourable.

If data for a particular country and product are sparse, then k31 and k311 will likely be estimated to be close to
0. Thus, y34,j x Will be close to its mean value, and the model will only account for availability in product groups.
However, if data are available for a country or product, the estimates of k31 or k311 will be far from 0, and thus
the model can adapt to the individual characteristics of a particular country—product combination.
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12 TOURIST CONSUMPTION

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

Tourist consumption can constitute a significant part of the use of food products, particularly in small island states
that are popular holiday destinations, such as Maldives or Seychelles. The measurement of tourist consumption
should therefore not be neglected.

Data sources include surveys collecting detailed information on the different types of food consumed by tourists,
which offer an efficient way of measuring food consumed by tourists. Other valuable data sources include the
guest lists of hotels and records of the food purchased by the hotels. The quantities of food purchased when
multiplied by the proportion of days spent by guests from other countries may be used as a second-best estimator
of tourist consumption. Some countries conduct international passenger surveys that provide information on
international tourism to the country and its trends. Information on the number of days spent by international
tourists may also be obtained from travel agencies, airlines, railways and shipping companies.

The World Tourism Organization (UN Tourism)?® collects data on the number of tourists entering a country,
including their origins and the durations of their stays. The UN Tourism data set therefore provides another useful
starting point for the compilation of data on tourist food consumption.

In the current FBS methodology, tourist consumption data are only computed for countries where this is a major
component of the food consumption pattern. The current practice performs a manual imputation of tourist
consumption based on past available data for countries. A refined methodology has been developed based on the
number of day visitors and overnight visitors (Ny) to and from each country, and information on the average
number of nights of stay per visitor in each country.

29 See https://www.unwto.org/tourism-data/unwto-tourism-dashboard.
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13 INDUSTRIAL USE

production + imports — Astocks = exports + food + food processing + feed + seed +
tourist consumption + industrial use + loss + residual use

In recent decades, there have been significant increases in the use of agricultural products for industrial use. One
key example is the use of feedstocks to produce energy, notably in the case of sugar crops, maize and oilseeds;
moreover, starch-rich and oil-rich products including coconuts or palm kernels are channelled into the production
of cosmetics, paints, soaps and other detergents. Some starch-based products have become increasingly
important as construction materials.

Unfortunately, information about these uses is scarce, and there is no straightforward way to estimate or impute
the amount of products involved. Information on industrial uses is asked to FAO Members through the FAO
guestionnaire on production; however, very few countries seem to have the information available, except on the
use of agricultural feedstocks for biofuels production.

Some data can be available in product-specific bulletins and publications, and from the USDA PS&D database
mentioned in Section 8.1.
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14  BALANCING METHODOLOGY

14.1 Introduction

Chapters 4 to 13 explained the variables of the base identity introduced in Equation 1. The next step in generating
FBS involves balancing the SUAs that have just been produced. This balancing process is carried out on the SUAs
before initiating the FBS compilation processes of standardization and aggregation to the primary commodity
level. Analysts need to ensure that the SUAs, including both primary and derived product accounts, are balanced
for each product (or line). To achieve this, a calculation is performed at this stage to verify that the ‘supply equals
utilization’ identity holds true for each product. If discrepancies are identified, a balancing mechanism is applied.
Balancing the equation may not be straightforward for various reasons. Most countries only collect data directly
for the supply-side variables, while the demand-side variables are estimated using statistical models or by subject
matter experts. This can result in an accumulation of measurement errors affecting the accuracy of and increasing
uncertainty in demand-side estimates. Even in rare cases where all variables are measured independently,
discrepancies in data sources, collection methods, reference periods and measurement errors could result in an
imbalanced equation. As a result, an overall strategy for balancing the equation needs to be found.

In the current FBS methodology, balancing is performed through an iterative approach that systematically
allocates imbalances to several variables, either entirely or in part, through a proportional assighnment.

This marks a significant change and improvement to the methodology, by spreading the imbalance among several
variables, rather than allocating it only to a single variable, thus avoiding the accumulation of measurement errors
in the variable that is chosen as the balancing item.

14.2 Balancing workflow

The overall workflow for balancing is described in Figure 17.

After calculating the initial imbalance, the process begins by using stocks to balance the equation. The use of stocks
as a balancing element is constrained by certain limitations (see Section 14.2.1). When a balance is still not
achieved, estimated quantities for food-residuals products (i.e. products that are consumed but not processed, as
described in Section 7.2) are adjusted to ensure that figures remain positive. For any remaining imbalance,
estimates of other variables in the SUA equation can be proportionally adjusted based on their initial values,
following specific rules that will be explained in Section 14.2.3. If a residual imbalance persists, estimated figures
for industrial and feed use may also be adjusted according to additional rules. As a final step, the ratio between
the imbalance and total supply is checked. When this ratio falls below a predefined threshold, considered to be
minimal, a process known as simple proportional balancing is applied (see Section 14.2.5). Conversely, if the ratio
is deemed significant, expert judgment is required to decide whether the imbalance can remain unresolved or if
further adjustments are necessary.
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Figure 17: Balancing workflow
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14.2.1 Stocks as a balancing item

Stocks variation is the first element the balancing procedure uses to assign an imbalance between supply and
utilizations. Stocks variation is the difference in stocks between one period and another.

Equation 57: Stocks as a balancing Item
Astocks™B = Astocks + imbalance
where:

- Astocks is the stocks variation as estimated via the methodology described in Section 8.2; and
- imbalance = total supply — total utilization.

To avoid extreme variations in Astocks, a threshold is introduced, defined as:

Equation 58: Threshold for estimation of stocks variation during balancing

|Astocksvalidated|
A k IMB _
stocksy iy = max

validated
mean(supp lyie )

where:

- |Astocksv@!idated| js the absolute value for validated stocks variations;

- supplyi,. = production + imports — exports — Astocks; (Equation 35); AND

- mean(supplyi';aclid“ted) is the average supply;,. for the last three validated years.

The final estimation of AStocks will be:
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Equation 59: Final estimation of stocks variation during balancing

Astocks =
{|Astocks”“”d“ted x mean(supplyydidted) x sign(AstocksP™®?) if AstocksPT®® > Astockspilidated
AstocksPTed otherwise

Moreover, two constraints on the estimated stocks variations are implemented:

- If Astocks is negative (i.e. stocks withdrawal), it cannot exceed the accumulated opening stocks; and
- If Astocks is positive (i.e. stocks accumulation), a limit to the amount accumulated is set.

14.2.2 Food-residual products as balancing item

After stocks have been assigned to all or part of the imbalance, some imbalance could remain. Food-residual
products are goods for which food is the only utilization (and generally products that cannot be stocked), as
defined by the FAO methodology (e.g. wheat is not a food-residual product but bread is). If food is the only
utilization, and the item is a food item, the imbalance is assigned to food with an amount that keeps food positive:

Equation 60: Food residuals computation during balancing

d= {net supply if net supply >0
e = 0 if net supply <0

where net supply = production + imports — exports.

If the imbalance is not completely absorbed after assigning the imbalance to food, proportional balancing is used.

14.2.3 Recursive constrained proportional balancing

Proportional balancing is a procedure that apportions supply — utilizations imbalances to different utilizations
(e.g. food supply, industrial utilization, other uses). Only some utilization variables can be modified by the
balancing, notably those obtained as estimates through statistical models. Other data are “protected” in this step;
in particular:

- Official and unofficial figures;
- Thevariables food processing, seed and loss:
o food processing is not modified as it is linked to the supply of parent commodities, which at the
balancing level is considered as given;
o seed remains as estimated since it is linked to the production of the country: it would be inconsistent
to unlink it just for balancing the SUA; and
o loss figures, because they are connected to production (similarly to seed); and
- imports (for import-dependent countries), for the same reason adopted for seed.

Proportional balancing considers that if the SUA is unbalanced, and it is not evident which of the estimated
components is more reliable (food, feed, industrial use, tourist consumption), the imbalance is distributed
proportionally across all estimated variables that are not protected. The proportion of the imbalance assigned to
each variable is equal to the variable’s share of the total of utilizations that can be used for balancing. For instance,
if a SUA has three utilizations, among which one of them is protected (for example because the data are official),
the imbalance is going to be assigned to the non-protected variables with shares equal to:

Equation 61: Share of a single element in simple proportional balancing
variable;

Si TS
Y=, variable,
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where:

- variable; is a non-protected variable; and
- mnare the utilizations that can be used for balancing.

Thus, the new (post-balancing) value for a non-protected element is:

Equation 62: Post balancing value for a generic non-protected variable in simple proportional balancing

variable/M® = variable; + (s; X imbalance)

Setting constraints

The simple proportional balancing provides a resulting value that is compared to constraints using the constrained
proportional balancing methodology. In this methodology, constraints are imposed on the maximum and
minimum values of variablei’MB so that the resulting allocations remain in line with the historical trends (i.e.

avoiding outliers).

Moreover, the shares used in balancing are not defined based on the current year, but as a moving average
(frequently set as a 3-year moving average) §; of the lag of the ratios r® of each element i over the total availability
of non-protected variables in validated years t:

Equation 63: Share of a single variable in constrained proportional balancing

3
. Xj=1Tit

Si 3

with
Equation 64: Non-protected availability ratio of a single variable in constrained proportional balancing
variable;;

a __
Tit =

-, variable,,
where i indicates a non-protected element and t € (recent validated years).
IMB

Constraints for variable;™" are obtained by first deriving the maximum and minimum values of the ratio to supply:

Equation 65: Minimum and maximum ratios of a single variable in constrained proportional balancing

psmin _ o (variableilt>
t t supply,
psmax _ o (variableilt)
t t supply,

where:

- i indicates a non-protected element; and
- supply,is the total supply over recent validated years (t), thus the maximum or minimum only uses
validated data from recent years as given by production + imports.

Then, to set the maximum or minimum value of variable;, the shares are multiplied by supply; (i.e. the year for
which the FBS are compiled: as explained above, the shares are not calculated on the current year):

Equation 66: Minimum and maximum values in constrained proportional balancing

min s,min

variable;t" =1 X supplyr
variable[™ = "™ x supplyr
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Given the thresholds above, the new value for variable; will be:

Equation 67: Post-balancing value for a generic non-protected variable in constrained proportional balancing

variable[;™ if variable;r + §; X imbalancer < variable[;"
variable{7® = { variable[*** if variable;r + §; X imbalancer > variable[?**

variable;r + §; X imbalancer otherwise

The constrained proportional balancing just discussed is recursive and stops if the imbalance reaches zero or if all
variables have reached their minimum or maximum values or after ten loops. In that case some imbalance could
still remain, but there is no more space to modify the variables via proportional balancing, so the SUA is kept
unbalanced. This is another improvement in the new methodology: the different variables are not forced to be
set to unlikely values in order to remove the imbalance.

If after these checks, an imbalance still remains, it is assigned to a variable called residual other utilizations.
However, before leaving the residual, other attempts are made to balance, depending on the characteristics of
the item or the magnitude of the remaining imbalance. These will be discussed after an example of the recursive
constrained proportional balancing.

14.2.4 An example of proportional balancing

A working example is presented with fictional data reported in Table 40. For simplicity, exports and stocks
variations are considered to be zero, while there are only three utilizations: food, feed and food losses.

Table 40: Pre-balancing values in constrained proportional balancing example

SUPPLY PRE-BALANCING UTILIZATION
TOTAL TOTAL
YEAR PRODUCTION IMPORTS SUPPLY FOOD FEED FOOD LOSSES UTILIZATION IMBALANCE
1 1200 300 1500 1200 225 75 1500 0
2 1100 250 1350 945 324 81 1350 0
3 980 350 1330 931 333 67 1330 0
4 1100 200 1300 1040 156 104 1300 0
5 1500 250 1750 1575 53 123 1750 0
6 1450 300 1750 1225 403 123 1750 0
7 1800 350 2150 1505 495 151 2150 0
8 1900 200 2100 1680 294 126 2100 0
9 1850 250 2100 1680 273 147 2100 0
10 2000 300 2 300 1300 100 161 1561 739
11 2000 300 2 300 1000 500 161 1661 639
12 2000 300 2 300 1000 200 161 1661 639

Source: Authors’ own elaboration.

In this example years 10 to 12 are the years for which the FBS are compiled, while years 1 to 9 are validated years.
The “recent validated years” are the previous five years with respect to the first year of the new FBS compilation,
i.e. years 5 to 9. In the table, protected data are displayed in bold and correspond to production, imports and
losses. For simplicity, production and imports are set equal for years 10 to 12, but in real data this is not the case.

The balancing for years 10 to 12 requires, first of all, the calculation of the moving averages 3; of the ratios of each
variable over the total non-protected variables for uses (Equation 63 and Equation 64). The values of §; for the
current example are in Table 41. For food these shares are:

1505 1680 1680

. _ Tooa7 T Tfooas + Tfooas _ 1505+ 495 T 1680 + 294 1 1680 + 273 _ 0.75+0.85+0.86 _
Sfood - 3 - 3 = 3 =0.82
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Initial balancing values for non-protected variables can now be imputed as the product of the moving averages §;

and the imbalance:
; IMBx _ : s i
variable;r”" = variable;r + §; X imbalancer

Where the “*” indicates that these are initial values to be tested against thresholds. The initial balancing values
for food and feed in year 10 are:

foodiy®* = foodyq + 3po0q X imbalance;o = 1300 + 0.82 x 739 = 1907
feed /B = feedy + Sfpeq X imbalancey, = 100 + 0.18 x 739 = 232
All values for the current example are reported in Table 41:

Table 41: Calculation of balancing shares in constrained proportional balancing example

AVAILABILITY ~ MOVING INITIAL BALANCING
PRE-BALANCING RATIOS AVERAGE VALUES

YEAR SUPPLY FOOD FEED LIZDOSCS)EDS UTILIZATION IMBALANCE  Tfpoar Tfeedt Sfooa Sfeea  foodMB*  feediMB*
1 1500 1200 225 75 1500 0 0.84 0.16 - - - -
2 1350 945 324 81 1350 0 0.74 0.26 - - - -
3 1330 931 333 67 1330 0 0.74 0.26 - - - -
4 1300 1040 156 104 1300 0 087 013 077 0.23 - -
5 1750 1575 53 123 1750 0 097 003 078 0.22 - -
6 1750 1225 403 123 1750 0 075 025 0.86 0.14 - -
7 2150 1505 495 151 2150 0 075 025 0.86 0.14 - -
8 2100 1680 294 126 2100 0 085 0.15 0.82 0.18 - -
9 2100 1680 273 147 2100 0 086 0.14 079 0.21 - -
10 2300 1300 100 161 1561 739 - - 082 018 1907* 232*
11 2300 1000 500 161 1661 639 - - 082 018 1525* 614*
12 2300 1000 200 161 1661 639 - - 082 018 1525* 314*

Source: Authors’ own elaboration.

To compare the balancing values against thresholds, first the ratios over supply are computed and then, their
minimum and maximum values are identified (Equation 65). Table 42 reports all the ratios for non-protected
utilizations, with the ratio for food in year 2 computed as:

s _ foody, 945

Tfood = 0.7

supply, 1350 -

Table 42: Calculation of supply ratios in constrained proportional balancing example

SUPPLY
SUPPLY PRE-BALANCING RATIOS

YEAR PRODUCTION IMPORTS SUPPLY FOOD FEED FOOD LOSSES UTILIZATION  IMBALANCE 50d  Tived
1 1200 300 1500 1200 225 75 1500 0 0.80 0.15
2 1100 250 1350 945 324 81 1350 0 070 0.24
3 980 350 1330 931 333 67 1330 0 070  0.25
4 1100 200 1300 1040 156 104 1300 0 0.80 0.12
5 1500 250 1750 1575 53 123 1750 0 0.90 0.03
6 1450 300 1750 1225 403 123 1750 0 070  0.23
7 1800 350 2150 1505 495 151 2150 0 070 023
8 1900 200 2100 1680 294 126 2100 0 0.80 0.14
9 1850 250 2100 1680 273 147 2100 0 0.80 0.13

Source: Authors’ own elaboration.

Once all the supply ratios for validated years 1 to 9 are computed, it is possible to compute the maximum and
minimum values for utilizations in years 10 to 12. Given that supply is the same for these years, the minimum and

98



BALANCING METHODOLOGY

maximum values are also the same. For instance, the minimum value for food in year 10 from Equation 66 is
given by:

foodTm = 1}%2”;” X supply;o = 0.7 X 2300 =1610

where:

roaa is the minimum value of the column 775, ; of Table 42; and
- supply,, is the supply for year 10 as reported in Table 41.
The value for feed is obtained with the same approach and these values are reported in Table 43.

Table 43: Minimum and maximum values of utilizations in constrained proportional balancing example

MINIMUM MAXIMUM
SHARE VALUE SHARE VALUE
FOOD 0.70 1610 0.90 2070
FEED 0.03 69 0.23 529

Source: Authors’ own elaboration.

Finally, the initial balancing values reported in Table 41 are tested against the thresholds. For year 10, given that
1610<1907<2070and 69<232<529,i.e. food and feed all fall within the minimum and maximum thresholds,
the values obtained can be used as the values for the variables.

This does not happen in years 11 and 12, where at least one element, once a proportion of the imbalance is
assigned, falls outside of the thresholds. This is shown in rows marked (a) for both years in Table 44.

When the constrained proportional balancing is activated in rows marked (b), variables are set to the minimum or
maximum (highlighted values). In year 11 — line 11(b) — the new values were enough to completely remove the
imbalance.

Table 44: Post-balancing example

PRE-BALANCING MA POST-BALANCING
YEAR SUPPLY FOOD FEED OOP  UTILIZATION IMBALANCE  §/9pq § FoodME* feeqME=  FOOP —npa) ance
LOSSES food °feed  JOOdr eedr LOSSES

10 2300 1300 100 161 1561 739 0.82 0.18 1907 232 161 0
11(a) 2300 1000 500 161 1661 639 0.82 0.18 1525 614 161 0
11(b) 2300 1000 500 161 1661 639 0.82 0.18 1610 529 161 0
12(a) 2300 1000 200 161 1661 639 0.82 0.18 1525 314 161 300
12(b) 2300 1000 200 161 1661 639 0.82 0.18 1610 314 161 215
12(c) 2300 1000 200 161 1661 639 0.82 0.18 1610 529 161 0

Note: Availability ratios are omitted. MA: moving average
Source: Authors’ own elaboration.

In year 12 —line 12(b) — an imbalance of 215 still remains. The constrained proportional balancing is re-activated,;
but now the variable food is one of the protected variables (as its threshold has been reached). Therefore the
only utilization that can be used is feed, so the imbalance will be assigned to feed. The resulting value is 529 (314
+ the remaining imbalance of 215 that is at the allowed maximum), and the SUA is balanced.

However, if the maximum allowed for feed was 400, instead of 529, the SUA would have remained with an
imbalance of 129, and it would have been absorbed by the variable residual other utilizations.
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14.2.5 Residual balancing

The workflow for dealing with imbalances, as described above, can either eliminate the imbalance or leave some
non-null residual, which is assigned to residual other utilizations. There are specific cases for which a variable can
still be used as a balancer to absorb an imbalance left after the proportional balancing. First, if the median of the
previous years for industrial use is greater than zero, the imbalance can be assigned to this variable so that the
new value is positive. Second, if the median of the previous years for feed is greater than zero, and the other
utilization variables are zero, the imbalance can be assigned to this variable so that the new feed value is positive.

14.2.6 Balancing of remaining small imbalances

Simple proportional balancing “without limits” is done for the small remaining imbalances, that is for imbalances
that account for a small amount of supply. This amount is set to a threshold based on a percentage that can be
considered small and would thus not create much change to the variables. Imbalances greater than this
percentage remain and analysts need to review the SUA to check for data consistency or external sources of
information.
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15 STANDARDIZATION

15.1 Overview

This Section focuses on standardization, which is the expression of products in equivalent primary commodities.
It is the final step in the FBS methodology, during which SUAs are transformed into FBS so that commodities can
be presented at an aggregated level.

Before standardization, the SUA needs to be balanced as described by the identity in Section 1.1, which ensures
that total supply equals total utilization. In essence, the various processing steps in the food chain generate
numerous derived or processed products, which must be “rolled up”, that is, converted into their primary
equivalents for each SUA component (the variables in the identity). There are some exceptions: the variables
under production are not standardized as they are already represented as primary commodities and derived
products do not have uses of seed and losses. The other components and variables need to be expressed in the
same units in order to be standardized.

For example, wheat and products in the SUA come in many forms: imports or exports of wheat may be in the form
of wheat, but also in the form of different wheat products such as flour (first level of processing), bread or pastry
(second level of processing) or even more processed forms. Some products and variables of the SUA identity may
be exclusively available in their processed forms: food of wheat, for example, only exists in the form of flour, flour
products such as bread, noodles, pastry or biscuits, and other derived products such as bulgur or cracked wheat.
Wheat is very rarely eaten as such, and the same holds for all other cereals and many other primary products.
However, in the food balance for “wheat and products” these items are reported in terms of wheat as a primary
commodity and therefore need to be standardized.

The standardization reports different products in a common unit, which allows processed products to be added
up and expressed in their primary product equivalents. The methodology varies depending on the SUA variable to
be standardized, as shown below.

15.2 Commodity types in the standardization process

The process of “rolling up” products into their primary equivalent is based on the commodity tree for each primary
product, asintroduced in Section 2.1. This process entails removing the processing level, computing and combining
extraction rates (Section 5.3.1) and shares (Section 5.3.2) along each branch, and appropriately defining the
weight of products.

The weight parameter is crucial. It can be equal to 0 or 1: for each process only one derived product can have a
weight equal to 1. Therefore, when more than one product can be obtained from a process, these products are
called joint-products (Section 15.2.2) and only one of the joint-products will have its weight equal to 1, while all
other products will be assigned a weight equal to 0. The rationale behind this value is connected to the
standardization process, as it indicates whether the derived product should undergo standardization or not.
Products with weight equal to zero are called zero-weight products and represent one of the special cases of the
standardization process.

Another special case is represented by proxy-primary commodities (Section 15.2.1). Proxy-primary commodities
are not standardized and are treated as primaries commodities. For example, soyabean oil at the SUA level is a
derived product that it is treated as a proxy-primary and represented in the FBS separately as a commodity.
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15.2.1 Proxy-primary commodities

Proxy-primary commodities are derived products for which FBS are compiled because of their importance as staple
foods. Indeed, while FBS are mainly produced only for primary commodities, products such as vegetable oils, raw
sugar, alcohols and beverages are treated as if they were primary commodities and are, therefore, not converted
to primary commodity equivalents. These commodities are “cut” from the tree of the primary commodities and,
if they can be processed in other products, have their own commodity tree. However, one variable, production,
is an exception; the production quantity of proxy-primary commodities will be converted into primary equivalent
and then assigned to the food processing component of their corresponding parents. For example, soyabean oil
production is converted into the primary equivalent (quantity of soyabean); however this quantity is assigned to
food processing of soyabeans not to soyabean oil. Other variables are not standardized.

15.2.2 Joint-products

Joint-products are processed products that are derived from the same process that generates one or more other
products. The standardization of all products derived from the same production process would be a multiple
counting of the amounts of primary product used in that process. Therefore, these products are assigned a weight
of zero in the standardization, and are called zero-weight products so that their (already counted) corresponding
“parent equivalent” quantity is not counted more than once. While their quantities are not considered, their
calories are, because all calories have to be considered in the final FBS. For this reason, zero-weight products are
sometimes referred to as “calories-only” products.

Some examples of zero weight products are reported in Table 45.

Table 45: Examples of zero-weight products

ZERO-WEIGHT PRODUCT CO-PRODUCT
Barley flour and grits Barley, pearled
Bran of barley Pot barley

Bran of maize

Bran of millet

Bran of mixed grain
Bran of oats

Bran of pulses

Bran of rice

Bran of rye

Bran of sorghum
Cake of cottonseed
Cake of groundnuts
Cake of linseed
Cake of palm kernel
Cake of rapeseed
Cake of sesame seed
Cake of soya beans

Cake of sunflower seed

Cake of copra
Cake of maize

Cocoa butter, fat and oil

Cotton lint, ginned
Cotton linters
Marc of grape
Olive residues
Rice, gluten

Flour of maize

Flour of millet

Flour of mixed grain
Oats, rolled

Flour of pulses

Rice, milled

Flour of rye

Flour of sorghum
Cottonseed oil
Groundnut oil

Oil of linseed

Oil of palm kernel
Rapeseed or canola oil, crude
Oil of sesame seed
Soyabean oil
Sunflower-seed oil, crude
Coconut oil

Oil of maize

Cocoa powder and cake
Cottonseed

Cottonseed oil

Must of grape

Olive oil

Starch of rice

Source: Authors’ own elaboration.
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15.2.3 An example: the standardization of maize

The commodity tree of maize is used as an example of standardization and shows how the derived products (at

the processing level) relate to the primary commodity (Figure 18 and Table 46). In this tree, the primary

commodity is maize and there are two processing levels.

Figure 18: Maize commodity tree

Flour of maize

{

L B N N N N | \
pl Bran of maize l

‘ (N N N N N N 4
ZERO-WEIGHT

L B N N N N | ‘
4»‘- Maize gluten l

G-
ZERO-WEIGHT

Starch of maize

L B N N N N | ‘
4’r Cake of maize |

el e Y | ——
Germ of maize ZERO-WEIGHT
‘------- N N N .y
ZERO-WEIGHT 4"- Oil of maize |

‘ N N S
PROXY-PRIMARY
ZERO-WEIGHT

Maize

Undenatured ethyl alcohol
(greater than 80%)

PROXY-PRIMARY

Undenatured ethyl
alcohol (less than 80%)

PROXY-PRIMARY

PRIMARY COMMODITY FIRST PROCESSING LEVEL SECOND PROCESSING LEVEL

Source: Authors’ own elaboration.

Table 46: Maize commodity tree with standardization coefficients

PROCESSING EXTRACTION BOTTOM-UP

PARENT CHILD LEVEL RATE SHARES WEIGHT NON-STANDARDIZED
Maize Flour of maize 1 0.82 1 1 FALSE
Maize Bran of maize 1 0.11 1 0 FALSE
Maize Undenatured ethyl alcohol (< 80%) 1 0.35 0.7 1 TRUE
Maize Undenatured ethyl alcohol (> 80%) 1 0.65 0.4 1 TRUE
Maize Germ of maize 1 0.06 1 0 FALSE
Germ of maize Oil of maize 2 0.45 1 0 TRUE
Germ of maize Cake of maize 2 0.52 1 0 FALSE
Flour of maize  Starch of maize 2 0.75 1 1 FALSE
Flour of maize Maize gluten 2 0.10 1 0 FALSE

Source: Authors’ own elaboration.

At the first processing level for the derived products of undenatured ethyl alcohol, the bottom-up shares of
undenatured ethyl alcohol (less than 80 percent) and of undenatured ethyl alcohol (greater than 80 percent) are
less than 1, therefore these two products are “multiple-parent”: they have more than one parent and the other
parent is a product other than maize. As stated in Section 5.3.3 a bottom-up share is the part of the production of
a derived, or child, product from a particular parent commodity; these shares are equal to 1 when the derived
product is produced from only one parent commodity and less than 1 when there is more than one parent.
Therefore, only a part of the quantity of these alcohols will be considered when standardizing and aggregating to
maize. Moreover, both products are considered proxy-primary commodities because of their importance as staple
food. Therefore, they will not be standardized to maize (TRUE in the column Non-standardized of Table 46), and
they will be cut from this commodity tree and considered separately.
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At the first processing level, flour of maize, bran of maize and germ of maize are derived from the same production
process, therefore only one of them (flour of maize) has a weight equal to 1, while the other two products are set
as zero-weight products.

In a similar way, at the second processing level, maize gluten and cake of maize are considered zero-weight
products. Maize gluten because it shares a production process with starch of maize. Cake of maize because it
shares a production process with oil of maize. Oil of maize is not standardized because it is a proxy-primary
commodity and is cut from the commodity tree of the maize primary commaodity. It is also zero-weight because it
is derived from a zero-weight commodity (germ of maize), therefore its final weight is equal to 0.

15.3 Standardization flow

The complete standardization workflow is represented in Figure 19.

Figure 19: Complete standardization flow
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Source: Authors’ own elaboration.
Standardization consists of three main steps:

1. Standardization of quantities. Quantities of the variable food processing are standardized first, while
production and other variables follow. This process is performed by “rolling up” the edges of the commodity
tree, which means that products resulting from further processing are converted into primary level equivalents
using extraction rates, shares and weights.
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2. Aggregation of nutrients. To derive micronutrients and macronutrients, extraction rates, shares and weight are
not used. Instead, the nutrient values of all products are applied to the standardized quantities of the previous
step, independently from their weight.

3. Aggregation of standardized quantities in the FBS group. In this final step, the quantities and nutrients of each
FBS group are aggregated.

15.3.1 Standardization of quantities (maize example, continued)

Standardization of food processing quantities

In the FBS, the food processing quantity of an FBS group is the sum of the primary equivalent of the production of
all the derived products of each commodity tree belonging to that FBS group. Recalling Equation 14,
food processing is given by:

production,

food processingp = TR X bottom-up share;_p
c-P

where:

- production, is the production of derived product C;

- eR._p is the extraction rate implied in the transformation of the parent product P into the Child C; and

- bottom-up share;_p is the bottom-up share of child C from parent P and represents the quantity of
processed products C produced from the parent commodity P.

In this process, when a derived product is a proxy-primary, the corresponding food processing quantity will not be
assigned to the parent commodity, but to the proxy-primary commodity and will be standardized to the FBS group
of the proxy-primary. For example, the derived product beer in the SUA is part of the barley commodity tree but
in the FBS, it is under FBS group beer because it is a proxy-primary. In these cases, food processing is
standardized through the formula below:

Equation 68: Standardization of food processing quantities

productiong, _, )
——— X bottom-up sharec, ,_p X weight.,__,

food processingp = Z <

eRc, .-
Cnsd nsd

where:

- Cnsq denotes the child products that are not standardized to the parent product as in the commaodity tree;

- productiong, , is the production of a derived product not standardized to their parent product Cys4;

- eR¢, ,—pisthe extraction rate implied in transformation of the parent product P in the child Cys4; and

- bottom-up share;, _,_p is the bottom-up share of children C,54 from parent P and represents the quantity
of processed products C,,54 produced from the parent commodity P.

In the maize example reported in Table 46, for the parent product maize, C,,54 is defined as:
Cnsqa = {undenatured ethyl alcohol (< 80%), undenatured ethyl alcohol (> 80%), oil of maize}.

Undenatured ethyl alcohol (greater than 80 percent) and undenatured ethyl alcohol (less than 80 percent) do not
have any child, therefore their food processing quantity in FBS will be 0.

The first version of the “rolled up” commodity tree in this case (i.e. standardizing from child to parent) merges the
production data of processed products with the value FALSE in the Non-standardized column of Table 47 and then
applies Equation 68 to the proxy-primary commodities. In the table, all child products are reported to maize even
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when they are not processed directly from maize, but from a product that is derived from maize (e.g. starch of
maize, which is derived from flour of maize). This happens because their food processing quantities have been
expressed in terms of their parent commodity.

Table 47: “Rolled up” edges of the commodity tree of maize to the FBS group of maize

PROCESSING EXTRACTION BOTTOM-UP NON-
PARENT CHILD LEVEL RATE SHARES WEIGHT STANDARDIZED
Maize Maize 1 1 1 1 -
Maize Flour of maize 1 0.82 1 1 FALSE
Maize Bran of maize 1 0.11 1 0 FALSE
Maize Germ of maize 1 0.06 1 0 FALSE
Maize Undenatured ethyl alcohol (< 80%) 1 0.35 0.7 1 TRUE
Maize Undenatured ethyl alcohol (> 80%) 1 0.65 0.4 1 TRUE
Maize Oil of maize 1 0.027 1 0 TRUE
Maize Cake of maize 1 0.0312 1 0 FALSE
Maize Starch of maize 1 0.615 1 1 FALSE
Maize Maize gluten 1 0.082 1 0 FALSE

Source: Authors’ own elaboration.
Standardization of production

The production of derived products is not standardized back to the primary commodity, as these are already
accounted for in the food processing quantity. Only the production quantities of primary and proxy-primary
commodities are included. In the example, these are maize, oil of maize and the ethyl alcohols.

Standardization of the other SUA variables

The other variables of the SUA (imports, exports, food, feed, seed, industrial uses and other uses) are
standardized in the same way as food processing, using the formula below:

Equation 69: Standardization of SUA components

o utilization, ]
utilizationp = Z (eR— X bottom-up share ._p X Welghtc_P)
c-P

where:

- utilizationp is the utilization (imports, exports, food, feed, seed, industrial uses or other uses)
expressed for the parent P in the “rolled-up tree” (it corresponds to primary or proxy-primary);

- utilization. is the utilization (imports, exports, food, feed, seed, industrial uses or other uses)
expressed for a child C;

- eR._p is the extraction rate implied in transformation of the parent product P into the child C;

- bottom-up share;__,_p is the bottom-up share of children C from parent P and represents the quantity of
processed products C produced from the parent commodity P; and

- weight._p is the weight of each child.

In order to include them in the calculation, all primary commodities are considered, by convention, as both parent
and child, with the extraction rate, bottom-up share and weight set to 1. In this way, the primary commodity maize
is still included in the “rolled up” commodity tree, together with all the “rolled up” children.

In the maize example, this step results in the values reported in Table 48, where weights and extraction rates are
set to 1 for these products (highlighted cells).
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Table 48: “Rolled-up” edges of the commodity tree of maize to the other SUA components

PROCESSING EXTRACTION BOTTOM-UP NON-
PARENT CHILD LEVEL RATE SHARES WEIGHT STANDARDIZED
Maize Maize 1 1 1 1 -
Maize Flour of maize 1 0.82 1 1 FALSE
Maize Bran of maize 1 0.11 1 0 FALSE
Maize Germ of maize 1 0.06 1 0 FALSE
Undenatured ethyl Undenatured ethyl
alcohol (< 80%) alcohol (< 80%) 1 1 1 1 TRUE
Undenatured ethyl Undenatured ethyl
alcohol (> 80%) alcohol (> 80%) ! ! ! ! TRUE
Oil of maize Oil of maize 1 1 1 1 TRUE
Maize Cake of maize 1 0.0312 1 0 FALSE
Maize Starch of maize 1 0.615 1 1 FALSE
Maize Maize gluten 1 0.082 1 0 FALSE

Source: Authors’ own elaboration.

15.3.2 Aggregation of macronutrients (maize example, continued)

The concepts of extraction rate and weight are not applicable when standardizing micro- and macronutrients
because calories, proteins and fats are inherently expressed in standardized units across all SUA items. As a result,
the aggregation of nutrients is done by aggregating to the FBS groups and applying the following formula, where
extraction rates and weights are both set to 1:

Equation 70: Standardization of nutrients

macronutrient,

X bottom-up share;p X weight _ p)

macronutrientp = Z (
C

where:

eRc_p

- macronutrient;p represents calories, proteins or fats;
- eR._p = 1 for all children C;

- weightq_p = 1forall children C; and

- P denotes the parent in the “rolled up” tree (it corresponds to primary or proxy primary).

In the maize example, for nutrients, child products are reported as in Table 49, where all extraction rates are set

to 1 and all weights of primary and proxy-primary commodities are also set to 1.

Table 49: “Rolled-up” edges for the aggregation of macronutrients

PROCESSING EXTRACTION BOTTOM-UP NON-
PARENT CHILD LEVEL RATE SHARES WEIGHT STANDARDIZED
Maize Maize 1 1 1 1 -
Maize Flour of maize 1 1 1 1 FALSE
Maize Bran of maize 1 1 1 0 FALSE
Maize Germ of maize 1 1 1 0 FALSE
Undenatured ethyl Undenatured ethyl
alcohol (< 80%) alcohol (< 80%) 1 1 0.7 ! TRUE
Undenatured ethyl Undenatured ethyl
alcohol (> 80%) alcohol (> 80%) 1 1 0.4 1 TRUE
Oil of maize Oil of maize 1 1 1 1 TRUE
Maize Cake of maize 1 1 1 0 FALSE
Maize Starch of maize 1 1 1 1 FALSE
Maize Maize gluten 1 1 1 0 FALSE

Source: Authors’ own elaboration.
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In the new FBS methodology, some macronutrients have been added to those calculated in this step. A more
detailed description follows in Section 16.

15.3.3 Aggregation in the FBS tree (maize example, continued)

After the standardization of food processing quantities, production quantities, quantities of other SUA variables
and the macronutrients, these values are aggregated into the different FBS groups and aggregates by using the
FBS tree presented in Section 2.5.1.

The FBS commodity tree for maize is reported in Table 50 where zero-weight products are identified through the
“(calories only)” statement and the SUA products include also proxy-primary and processed products. The calories
only means that the quantities of that commodity are not standardized to the primary equivalent e.g. bran of
maize is not standardized to maize, but the calories of bran of maize are included in the FBS group of maize.

Table 50: Maize FBS aggregation table

FAMILY GROUP ITEM (PROXY-)PRIMARY AND PROCESSED
MAIZE
GERM MAIZE (calories only)
VEGETAL CEREALS (EXCLUDING MAIZE & FLOUR MAIZE
PRODUCTS BEER) PRODUCTS BRAN MAIZE (calories only)

MAIZE GLUTEN (calories only)
STARCH MAIZE
GLUTEN FEED & MEAL

Source: Authors’ own elaboration.
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16  NUTRIENT ESTIMATES

As mentioned in Section 2.1, FAO has developed an updated global nutrient conversion table (NCT), based on
newly released food composition tables (FCTs). This table will be integrated in the new FBS methodology to enrich
the nutrient estimates from the FBS.

Besides updating information published by FAO on existing nutrients, namely energy expressed in kcal, proteins
and fats, the global NCT includes a set of additional macro- and micronutrients. These new nutrient datasets allow
for wider analysis and provide a comprehensive picture of the quality of agricultural and food products from a
nutritional point of view.

The main steps followed for creating the NCT are summarized below.

FAO sourced 29 FCTs available at the national or regional level, with different structures, product coverage,
nutrient coverage and methods used to measure nutrients.

At this stage existing FCTs were evaluated, and those with comprehensive and up-to-date data on food
composition selected. This exercise produced a list of 13 out of the 29 initial FCTs as potential sources of data to
be included in the NCT for agrifood data, shown in Table 51.

Table 51: Food composition tables sources

COUNTRY/REGION  FOOD COMPOSITION TABLE AND SOURCE

Australia Australian food composition database (Food Standards Australia New Zealand, 2022)

Bangladesh Food composition table for Bangladesh (Shaheen et al., 2013)

Brazil Brazilian food composition table (University of Sdo Paulo, 2022)

Denmark Danish food composition database — Frida (National Food Institute, Technical University of Denmark, 2024)
India Indian food composition database (Longvah, Ananthan, Bhaskarachary and Venkaiah, 2017)

Japan Standard tables of food composition in Japan (MEXT, 2015)

Kenya Kenya food composition tables (FAO/Government of Kenya, 2018)

New Zealand Food composition database (New Zealand Institute for Plant & Food Research Limited and
Ministry of Health, 2024)

Uganda Food composition table for Central and Eastern Uganda (Hotz et al., 2012)

United Kingdom of

Great Britain and Composition of foods integrated dataset (CoFID) (Public Health England, 2019)

Northern Ireland

United States of

New Zealand

USDA National nutrient database for standard reference (Legacy Release) (Haytowitz et al., 2019)

America
Western Africa FAO/INFOODS Food composition table for Western Africa (Vincent et al., 2020)
Global FAO/INFOODS Global food composition database for pulses (uPulses1.0) (FAO, 2017b)

Sources: See References.

The 13 selected sources cover different lists of nutrients. In order to identify the macro- and micronutrients to be
included in the global NCT, two criteria were adopted: public health relevance and whether data were available
for the selected FCTs.

The final list of selected nutrients includes energy, macro- and micronutrients (Table 52). The components were
compiled from the selected FCTs; except for energy, available carbohydrates and vitamin A that were not compiled
but recalculated from the new FCTs to enable standardization. For the other nutrients, to ensure standardization
of the components, the comparison across the different FCTs was assessed considering FAO/INFOODS component
identifiers (also known as tag names), and all items were coded in the CPC version 2.1 expanded classification to
allow use in the FBS.
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Table 52: Nutrients included in the nutrient conversion table

COMPONENT INFOODS TAG
GROUP COMPONENT NAME NAMES UNIT DENOMINATOR

Edible portion Edible portion EDIBLE - -

Energy Energy ENERC kcal /100g EP
Macronutrients Protein, total PROTCNT g /100g EP
Macronutrients Fat, total FAT and FATCE g /100g EP
Macronutrients Carbohydrate, available; calculated by difference CHOAVLDF g /100g EP
Macronutrients Fibre, total dietary FIBTG g /100g EP
Minerals Calcium CA mg /100g EP
Minerals Iron FE mg /100g EP
Minerals Magnesium MG mg /100g EP
Minerals Phosphorus P mg /100g EP
Minerals Potassium K mg /100g EP
Minerals Zinc ZN mg /100g EP
Vitamins Vitamin A (expressed in retinol equivalents) VITA ucg /100g EP
Vitamins Vitamin A (expressed in retinol activity equivalents) VITA_RAE ucg /100g EP
Vitamins Thiamin (vitamin B,) THIA and THIAHCL mg /100g EP
Vitamins Riboflavin (vitamin B3) RIBF mg /100g EP
Vitamins Vitamin C VITC mg /100g EP

Source: Authors’ own elaboration.
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17 COMPILATION OF FOOD BALANCE SHEETS: A STEP-BY-
STEP EXAMPLE

17.1 Overview

This section presents examples of SUAs for a hypothetical country and year. In particular, the primary and derived
products pertaining to the FBS groups of wheat and products, barley and products, and sweeteners, other and
products are presented, and will be standardized and aggregated to these FBS groups.

First, the procedure for generating the FBS for wheat and the derived product wheat and meslin flour is presented,
followed by the complete procedure for generating the FBS group Wheat and products. Then the commodity tree,
and the compilation process for the SUAs for all products derived from wheat are presented. Finally, the balancing
process is applied.

Second, the balanced SUAs for the products of two other FBS groups are presented: barley and products; and
sweeteners, other and products, along with their conversion into primary equivalents as explained in Section 15.

Third, the example shows how to standardize all the SUAs into FBS groups and aggregates.

In order to demonstrate how a SUA table can be produced through imputation, it is assumed that information
available to FBS compilers is very limited.

17.2 Example: SUA for wheat

17.2.1 SUA compilation

Table 53 represents an initial SUA for wheat for a given country and year. In this example, official figures are
available for production and trade values, while all other values have to be imputed via estimation. A slash (“/”)
sign is reported for the elements food and tourist consumption because these two values will not be computed
for wheat. In particular, food is not required as wheat is not eaten in primary form and tourist consumption is
excluded because, in this example, the hypothetical country is not one for which it is a major component of the

food supply pattern (Section 12). On the other hand, the dash (“-”) sign indicates that the value is currently
unknown.

Table 53: Initial SUA for wheat

COMMODITY PRODUCTION IMPORTS DSTOCK  EXPORTS FEED SEED LOSS PR(;:(?E(;SDING FOOD INDUSTRIAL TOURIST

Wheat 32201100 82 800 - 22874184 - - - - / - /
Source: Authors’ own elaboration.

The total imports and exports for each commodity in this example are obtained by aggregating the respective
trade flows by partner. A typical trade dataset with wheat data is represented in Table 54 (the dataset has been
simplified for this example).

Table 54: Wheat trade flow information at the HS6 disaggregation level

REPORTER PARTNER HS6 CODE FLOW WEIGHT (kg)  VALUE (USD)

124 932 100110 1 3350000 502 500 000
124 899 100110 1 1200 000 264 000 000
124 961 100190 2 870 000 113 100 000

Source: Authors’ own elaboration.
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In the table above, the country codes refer to a specific reporter and three different partners. The HS codes refer
to wheat and meslin durum wheat (100110) and wheat and meslin other (100190). Flows (1) and (2) indicate
imports and exports, respectively. The quantity weights are in kilograms and the values are, in this case, in US
dollars. The totals for wheat imports would be obtained by summing up all the imports flows, and similarly for the
total exports (a typical trade dataset would have many more flows than the simple example above). For the
compilation of the FBS, only the quantities are of interest, not the monetary values which are only used to impute
missing quantity data (see Section 6).

The first estimation to be computed is the stocks variation (DSTOCK in the tables below). The number reported in
Table 55 represents the estimated stocks variation for the example. The stocks imputation methodology
(Section 6.3.4) estimates the stocks variation in the current year as a linear regression on the cumulative stocks
variations in the previous years. In this case, the estimate represents an increase (hence the positive sign) in the
stocks held. The idea behind this assumption is that an increase in stocks will be more likely if high stocks
withdrawals were observed in the past, because stocks cannot be continuously withdrawn and vice versa. The
results of the imputation are shown in Table 55 in bold.

The feed variable is then imputed based on the animal numbers and feed intensification factors, resulting in
calculated feed requirements as explained in Section 9. The resulting figures are also bolded in Table 55.

Table 55: SUA for wheat with imputed values for stocks and feed

COMMODITY PRODUCTION IMPORTS DSTOCK  EXPORTS FEED SEED LOSS PRC:((I)E(gSDING FOOD INDUSTRIAL TOURIST

Wheat 32201100 82800 1208297 22874184 2189300 - - - / - /
Source: Authors’ own elaboration.

Losses (Section 10) are assumed to occur only at the primary level, therefore the value reported in Table 56
accounts for all losses, as they are assigned at the primary level and not to derived products. The value reported
refers to losses from the post-harvest stage up to, but not including, the retail level. Processing losses are taken
into account in the standardization process.

Table 56: SUA for wheat with imputed values for loss

COMMODITY PRODUCTION IMPORTS DSTOCK  EXPORTS FEED SEED LOSS PRCl):COE(gSDING FOOD INDUSTRIAL TOURIST

Wheat 32201100 82800 1208297 22874184 2189300 - 20758 - / - /
Source: Authors’ own elaboration.

Seed values, when missing, are imputed on the basis of the hierarchical linear model described in Section 11. Seed
is only allotted to the primary commodity (Table 57).

Table 57: SUA for wheat with imputed values for seed

COMMODITY PRODUCTION IMPORTS DSTOCK  EXPORTS FEED SEED LOSS PROF(?EC;EING FOOD INDUSTRIAL TOURIST

Wheat 32201100 82800 1208297 22874184 2189300 991600 20758 - / - /
Source: Authors’ own elaboration.

Table 58 reports the values for the example as collected from FBS experts for industrial uses.

Table 58: SUA for wheat with imputed values for industrial use

COMMODITY PRODUCTION IMPORTS DSTOCK  EXPORTS FEED SEED LOSS PROF(?EC;SDING FOOD INDUSTRIAL TOURIST

Wheat 32201100 82800 1208297 22874184 2189300 991600 20758 - / 780 323 /
Source: Authors’ own elaboration.

Food processing now has to be estimated using the processing shares and availabilities of data on the production
of derived commodities, depending on whether these data are official or unofficial. In the example, let us suppose
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that the value for the processed product wheat and meslin flour is available and official at the first processing
level. Therefore, the food processing quantity for wheat is determined by using Equation 14 and Table 59.

Table 59: Calculation of wheat food processing — level 1

PARENT  CHILD EXTRACTION RATE PRODUCTION OF CHILD BOTTOM-UP SHARE
Wheat Wheat and meslin flour 0.7686 3 005 000 100%
Source: Authors’ own elaboration.

) production sy, 3005 000
food processingyhear = X bottom-top sharefioyr—wheat = o g X 1=3909706
eRflour—wheat 0.7686
The resulting, and unbalanced SUA for wheat is reported in Table 60.
Table 60: Unbalanced SUA for wheat
FOOD
COMMODITY  PRODUCTION IMPORTS DSTOCK ~ EXPORTS ~ FEED ~ SEED  LOSS .o oo\ . FOOD INDUSTRIAL TOURIST
Wheat 32201100 82800 1208297 22874184 2189300 991600 20758 3909 706 / 780323 /

Source: Authors’ own elaboration.

17.2.2 Balancing procedure

Once all the variables have been added to the SUA after data collection or imputation, the imbalance is computed
(Table 61) and the balancing mechanism is applied to solve the imbalance and to ensure that supply =
utilization.

Table 61: SUA for wheat with imbalance

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED LOSS PRC;:((I)Ec;SDING FOOD INDUSTRIAL TOURIST IMBALANCE

Wheat 32201100 82800 1208297 22874184 2189300 99160020758 3909706 / 780323 / 309 732

Source: Authors’ own elaboration.

The balanced SUA is obtained through the application of the methodology described in Section 14. The balancing
of wheat, in particular, is obtained after the first step of the balancing flow, by allocating the overall imbalance to

Astocks. In this case, indeed, Astocks™E is given by:
Astocks™5B = 1208 297 + 309 732 = 1518 029

Table 62: Balancing for wheat

OPENING FOOD
WHEAT SUA STOCK PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED  LOSS PROCESSING FOOD IMBALANCE SUPPLY

UNBALANCED 14 056 704 32201100 82800 1208297 22874184 2189300991600 20758 3909706 780323 309732 32283900
BALANCED 14056704 32201100 82800 1518029 22874184 2189300991600 20758 3909706 780323 0 32283 900

Source: Authors’ own elaboration.
The following table shows the final SUA for wheat.

Table 63: Balanced SUA for wheat

COMMODITY PRODUCTION IMPORTS DSTOCK  EXPORTS FEED SEED LOSS PR('.l:COEOSSDING FOOD INDUSTRIAL TOURIST IMBALANCE
Wheat 32201100 82800 1518029 22874184 2189300 99160020758 3909 706 - 780323 - 0

Source: Authors’ own elaboration.

This SUA will be further examined in Section 17.3.1, where the other SUAs for wheat products are introduced. The
standardization procedure will then be explained in Section 17.5.
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17.3 Wheat commodity tree

Figure 20 represents the wheat commodity tree. It includes all products processed in a given hypothetical country
for a given year, from wheat down to the third processing level.

The wheat tree includes multiple parent products (i.e. undenatured ethyl alcohol, which has been already
introduced in the maize example in Section 15.2.3), multiple child products (i.e. starch of wheat and malt) and
proxy-primary commodities (i.e. beer of barley and wheat-fermented beverages). Indeed, as mentioned earlier,
commodity trees can intersect each other, as derived products might have more than one parent in different trees
and can also be the parent commodity of more than one processed item (child commodities) . Moreover, some
derived products are cut from their tree and treated as if they were primary products (proxy-primary
commodities), because of their importance in the food availability of a country.

Figure 20: Wheat commodity tree

Wheat and meslin flour Uncooked pasta
Pastry goods and cakes
Bran of wheat
Bread
Germ of wheat
Other fructose and
syrup
P Starch of wheat
Cereal preparations Glucose and dextrose = 1
Wafers
Breakfast cereals
—
Wheat e N
C— Malt, whether or not
Malt extract
roasted
\ 7
{ '
Undenatured ethyl
alcohol (greater than
L 80%) )
Undenatured ethyl
alcohol (greater than Undenatured ethyl
80%) alcohol (less than 80%)
Beer of barley, malted
Undenatured ethyl
alcohol (less than 80%)
PRIMARY COMMODITY FIRST PROCESSING LEVEL SECOND PROCESSING LEVEL THIRD PROCESSING LEVEL

Source: Authors’ own elaboration.

17.3.1 Compilation of SUAs for wheat products

17.3.1.1 Initial empty SUAs

The following table includes all the SUAs of wheat-related products. In this table the dash (“-”) indicates that the
value is currently unknown.
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Table 64: Empty SUA for wheat products

FOOD
COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED  LOSS PROCESSING

FOOD

INDUSTRIAL TOURIST

Wheat - - - - - - - -
Wheat and meslin

flour

Bran of wheat - - - - - - - -
Uncooked pasta - - - - - - - -
Germ of wheat - - - - - - - -
Bread - - - - - - - -
Pastry goods and

cakes

Starch of wheat - - - - - - - -
Breakfast cereals - - - - - - - -
Malt, whether or not

roasted

Malt extract - - - - - - - -
Beer of barley,

malted

Wafers - - - - - - - -
Cereal preparations - - - - - - - -
Other fructose and

syrup

Glucose and dextrose - - - - - - - -
Undenatured ethyl

alcohol (> 80%)

Undenatured ethyl

alcohol (< 80%)

Source: Authors’ own elaboration.

17.3.1.2  Production of primary products

The first values to be filled in the SUA table are those concerning production.

Table 65: SUA for wheat products filled with official figures for production

FOOD
COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED  LOSS PROCESSING

FOOD

INDUSTRIAL TOURIST

Wheat 32201 100 - - - - - - -
Wheat and meslin

flour

Bran of wheat - - - - - - - -
Uncooked pasta - - - - - - - -
Germ of wheat - - - - - - - -

Bread - - - - - - - -
Pastry goods and

cakes

Starch of wheat - - - - - - - -
Breakfast cereals - - - - - - - -
Malt, whether or not

roasted

Malt extract - - - - - - - _
Beer of barley,

malted

Wafers - - - - - - - -
Cereal preparations - - - - - - - -
Other fructose and

syrup

Glucose and dextrose - - - - - - - -
Undenatured ethyl

alcohol (> 80%)

Undenatured ethyl

alcohol (< 80%)

Source: Authors’ own elaboration.
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Only the production of primary commodities can be considered in this step. Indeed, all the variables are needed
for estimating the production of derived products, which happens after the other variables of the identity are filled
or imputed. For primary production data, the table has to be filled first with any available official figures (bold
values in Table 65). In the current example, only the wheat production quantity is considered as given.

17.3.1.3 Trade

Total imports and exports quantities for wheat are now filled, as well as the other products, into the SUAs table
as resulting from the validation steps presented in Section 6.3.

Table 66: SUA for wheat products filled with trade

FOOD

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED  LOSS PROCESSING FOOD INDUSTRIAL TOURIST
Wheat 32201100 82 800 -22874184 - - - - - - -
Wheat and meslin - 102099 - 276666 _ B _ - R R -
flour

Bran of wheat - 79 640 - - - - - - - - -
Uncooked pasta - 115616 - 40300 - - - - - - -
Germ of wheat - - - - - - - N N ° °
Bread - 12 686 - 18 443 - - - - - - -
Pastry goods and . 273583 . 621318 _ R _ - R - -
cakes

Starch of wheat - 1954 - 3740 - - - - - - -
Breakfast cereals - 262717 - 127180 - - - - - - -
Malt, whether or not ) 24 401 . 571615 ~ _ _ _ _ - -
roasted

Malt extract - 973 - - - - - - - N -
Beer of barley, - 367179 - 163564 - - - - - - -
malted

Wafers - 221853 - 70 858 - - - - - - -
Cereal preparations - 8737 - 64 418 - - - - - - -
Other fructose and . 133329 - 60160 _ _ R R - - -
syrup

Glucose and dextrose - 148 688 - 170046 - - - - - - -

Undenatured ethyl
alcohol (> 80%)
Undenatured ethyl
alcohol (< 80%)
Source: Authors’ own elaboration.

- 1357118 - 86 983 - - - - - - -

- 104707 - 183263 - - - - - - -

17.3.1.4 Stocks

The results of the imputation of stocks variation are shown in Table 67 (bold values). FAO estimates stocks for
primary commodities and a list of “stockable items” (i.e. non-perishable items) that it maintains. For this reason,
many values in the table are equal to 0.
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Table 67: SUA for wheat products filled with stocks

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED LOSS PROFgEc;EING FOOD INDUSTRIAL TOURIST
Wheat 32201100 82800 120829722874 184 - - - - - - -
Wheat and meslin - 102099 0 276666 _ _ _ _ _ - -
flour

Bran of wheat - 79 640 - - - - - - - - h
Uncooked pasta - 115616 0 40 300 - - - - - - -
Germ of wheat - - - - - - - - - - -
Bread - 12 686 - 18 443 - - - - - - -
Pastry goods and . 273583 . 621318 _ _ _ - N - -
cakes

Starch of wheat - 1954 0 3740 - - - - - - -
Breakfast cereals - 262717 0 127180 - - - - - - -
Malt, whether or not _ 24 401 0 571615 _ _ _ _ _ - _
roasted

Malt extract - 973 0 - - - - - - -
Beer of barley, - 367179 0 163564 - - - - - - -
malted

Wafers - 221853 0 70 858 - - - - - - -
Cereal preparations - 8737 5414 64418 - - - - - - -
Other fructose and . 133329 0 60 160 ~ _ _ _ _ _ _
syrup

Glucose and dextrose - 148688 0 170046 - - - - - - -

Undenatured ethyl
alcohol (> 80%)
Undenatured ethyl
alcohol (< 80%)
Source: Authors’ own elaboration.

- 1357118 0 86983 - - - - - - -

- 104707 4696 183263 - - - - - - -

17.3.1.5 Food

The food variable is estimated using validated food quantities from the previous year, changes in GDP, and product-
related income elasticities (Section 7.2). The allocation to food is considered for any edible item at the SUA level.

Table 68: SUA for wheat products filled with food

FOOD

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED LOSS PROCESSING FOOD INDUSTRIAL TOURIST
Wheat 32201100 82800 120829722874 184 - - - - - - -
Wheat and meslin - 102099 0 276666 - - - - 2257054 - -
flour

Bran of wheat - 79 640 - - - - - - - - -
Uncooked pasta - 115616 0 40 300 - - - - 60 248 - -
Germ of wheat - - - - - - - - - - -
Bread - 12 686 - 18 443 - - - - 27 766 - -
Pastry goods and - 273583 - 621318 - - - - 56347 - -
cakes

Starch of wheat - 1954 0 3740 - - - - - - -
Breakfast cereals - 262717 0 127180 - - - - 34 155 - -
Malt, whether or not ) 24 401 0 571615 . ) . . 5921 ) .
roasted

Malt extract - 973 0 - - - - 617 - -
Beer of barley, - 367179 0 163564 - - - - 2198300 - -
malted

Wafers - 221853 0 70 858 - - - - 0 - -
Cereal preparations - 8737 5414 64 418 - - - - 11581 - -
Other fructose and - 133329 0 60160 - - - - 57733 - -
syrup

Glucose and dextrose - 148688 0 170046 - - - - 40 337 - -
Undenatured ethyl

alcohol (> 80%) - 1357118 0 86983 - - - - - - -
Undenatured ethyl - 104707 4696 183263 - - - - 2311 - -

alcohol (< 80%)
Source: Authors’ own elaboration.
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17.3.1.6 Feed

The next step is to impute the feed variable. The assumption here is that some of the primary-level quantities are
used as feed, as well as almost all of the bran (which is a by-product of the flour production process). The feed
requirements should cover needs for the entire country.

The calculation of the feed requirements is laid out in Section 9, but is summarized here. The first step is to
calculate the feed requirement based on the number of animals, their needs and feeding efficiency. In a second
step, the actual amount of compound and concentrate feed is calculated applying country-specific intensification
rates. In a third step, individual feedstuffs are allocated by availability. Before this, all feed-only products (e.g. oil
cakes and meals, DDGS, dregs, brans) are deducted from the requirements. The remainder of the feed
requirements will be satisfied by allocating to the FBS commodities at the primary level (such as cereals and oil
crops) according to their availability. Negligible amounts of bran may go into such products as breakfast cereals,
but for the sake of simplicity, such quantities will be ignored in this example. The resulting estimates for feed use
are shown in bold in Table 69.

Table 69: SUA for wheat products filled with feed

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS ~ FEED ~ SEED LOSS o OF(?Ec;SDIN c FOOD  INDUSTRIAL TOURIST
Wheat 32201100 82800 120829722874 184 2189 300 } - - } } R
Wheat and meslin - 102099 0 276666 - ; . - 2257054 ; .
flour

Bran of wheat - 79 640 - - 728651 - - - - - -
Uncooked pasta - 115616 0 40 300 - - - - 60 248 - -
Germ of wheat - - - - 62 555 - - - - - -
Bread - 12686 - 18443 - ; . - 27766 ; .
Pastry goods and - 273583 - 621318 . ; . - 56347 ; .
cakes

Starch of wheat - 1954 0 3740 - - - - - - -
Breakfast cereals - 262717 0 127180 - - - - 34 155 - -
Malt, whether or not - 24401 0 571615 : - - - 5921 - -
roasted

Malt extract - 973 0 - - - - 617 - -
Beer of barley, - 367179 0 163564 - - - - 2198300 - -
malted

Wafers - 221853 0 70858 y ; . . 0 ; .
Cereal preparations - 8737 5414 64 418 6425 - - - 11581 - -
Other fructose and - 133329 0 60160 - - - - 57733 - -
syrup

Glucose and dextrose - 148688 0 170046 - - - - 40 337 - -
Undenatured ethyl

alcohol (> 30%) - 1357118 0 86983 y ; . . ; ; .
Undenatured ethyl - 104707 4696 183263 - ; . - 2311 ; .

alcohol (< 80%)
Source: Authors’ own elaboration.

17.3.1.7 Loss

Losses are accounted for primary commodities only. The value already seen in Table 56 is added and reported
below.
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Table 70: SUA for wheat products filled with loss

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED LOSS PROFéJEc;SDING FOOD INDUSTRIAL TOURIST
Wheat 32201100 82800 120829722874 184 2189300 991 600 20 758 - - - -
Wheat and meslin - 102099 0 276666 - - - - 2257054 - -
flour

Bran of wheat - 79 640 - - 728651 - - - - - -
Uncooked pasta - 115616 0 40 300 - - - - 60 248 - -
Germ of wheat - - - - 62 555 - - - - - -
Bread - 12 686 - 18 443 - - - - 27 766 - -
Pastry goods and - 273583 - 621318 ; - ; . 56347 - ;
cakes

Starch of wheat - 1954 0 3740 - - - - - - -
Breakfast cereals - 262717 0 127180 - - - - 34155 - -
Malt, whether or not - 24401 0 571615 - - - - 5921 - -
roasted

Malt extract - 973 0 - - - - 617 - -
Beer of barley, - 367179 0 163564 - - - - 2198300 - -
malted

Wafers - 221853 0 70 858 - - - - 0 - -
Cereal preparations - 8737 5414 64 418 6425 - - - 11581 - -
Other fructose and - 133329 0 60160 - - - - 57733 - -
syrup

Glucose and dextrose - 148688 0 170046 - - - - 40337 - -
Undenatured ethyl

alcohol (> 80%) - 1357118 0 86983 - - - - - - -
Undenatured ethyl - 104707 4696 183263 - - - - 2311 - -

alcohol (< 80%)
Source: Authors’ own elaboration.

17.3.1.8 Seed

The seed values are also imputed for primary commodities only. Table 71 reports the value already seen in the
wheat example.

Table 71: SUA for wheat products filled with seed use

FOOD

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED LOSS PROCESSING FOOD INDUSTRIAL TOURIST
Wheat 32201100 82800 1208 29722 874184 2189 300 991600 20 758 - - - -
Wheat and meslin - 102099 0 276666 - - - - 2257054 - -
flour

Bran of wheat - 79 640 - - 728651 - - - - - -
Uncooked pasta - 115616 0 40 300 - - - - 60 248 - -
Germ of wheat - - - - 62 555 - - - - - -
Bread - 12 686 - 18 443 - - - - 27 766 - -
Pastry goods and - 273583 - 621318 - - - - 56347 - -
cakes

Starch of wheat - 1954 0 3740 - - - - - - -
Breakfast cereals - 262717 0 127180 - - - - 34 155 - -
Malt, whether or not ) 24 401 0 571615 . ) . . 5921 ) .
roasted

Malt extract - 973 0 - - - - 617 - -
Beer of barley, - 367179 0 163564 - - - - 2198300 - -
malted

Wafers - 221853 0 70 858 - - - - 0 - -
Cereal preparations - 8737 5414 64 418 6425 - - - 11581 - -
Other fructose and - 133329 0 60160 - - - - 57733 - -
syrup

Glucose and dextrose - 148688 0 170046 - - - - 40 337 - -
Undenatured ethyl

alcohol (> 80%) - 1357118 0 86983 - - - - - - -
Undenatured ethyl - 104707 4696 183263 - - - - 2311 - -

alcohol (< 80%)
Source: Authors’ own elaboration.
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17.3.1.9 Industrial use

For the wheat commodity tree, the main commodity that has industrial use is wheat starch, but values are imputed
also for wheat, other fructose and syrup and undenatured ethyl alcohol (greater that 80 percent). Table 72 reports
the values for the current example as collected from FBS experts.

Table 72: SUA for wheat products filled with industrial use

FOOD

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED LOSS PROCESSING FOOD INDUSTRIAL TOURIST
Wheat 32201100 82800 120829722874 184 2189300 991 600 20 758 - - 780 323 -
Wheat and meslin - 102099 0 276666 ; - ; - 2257054 - ;
flour

Bran of wheat - 79 640 - - 728651 - - - - - -
Uncooked pasta - 115616 0 40 300 - - - - 60 248 - -
Germ of wheat - - - - 62 555 - - - - - -
Bread - 12 686 - 18 443 - - - - 27 766 - -
Pastry goods and - 273583 - 621318 - - - - 56347 - -
cakes

Starch of wheat - 1954 0 3740 - - - - - 7214 -
Breakfast cereals - 262717 0 127180 - - - - 34 155 - -
Malt, whether or not ) 24 401 0 571615 ) ) ) ) 5921 ) )
roasted

Malt extract - 973 0 - - - - 617 - -
Beer of barley, - 367179 0 163564 - - - - 2198300 - -
malted

Wafers - 221853 0 70 858 - - - - 0 - -
Cereal preparations - 8737 5414 64 418 6425 - - - 11581 - -
Other fructose and - 133329 0 60160 - - - - 57733 6944 -
syrup

Glucose and dextrose - 148688 0 170046 - - - - 40 337 - -
Undenatured ethyl

alcohol (> 80%) - 1357118 0 86983 - - - - - 1270135 -
Undenatured ethyl - 104707 4696 183263 - - - - 2311 - -

alcohol (< 80%)
Source: Authors’ own elaboration.

17.3.1.10 Tourist consumption

The example is based on a country where no tourism data are estimated, therefore no changes are made in the
SUA table at this step.

17.3.1.11 Production of derived products

With all other supplies and utilization values now provided in the table, the production of derived products can be
computed and estimated using the commodity tree and conversion factors.

In the current example, processing shares (the percentage of a given commodity used as input in the process for
making a derived product) have to be computed first because no production data are available for child products.
Indeed, this example falls under the first case mentioned in Section 5.3.2 concerning the calculation of food
processing (the processed quantity of a parent product to be used as input in the production of derived products),
where the processing shares are obtained as a moving average of the ratio of the food processing quantity over
the availability. Therefore, food processing for wheat has to be calculated using the processing share and
availability as in Equation 13.

food processingypeqr = processing share; X availabilitypeqr = 0.74 X 4219 438 = 3 127 767
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With the value of food processing for wheat, the production values of all the products that are derived from
wheat can be determined. The values (reported in Table 74) are obtained from the values reported in Table 73 as
the multiplication of food processingneqtr, €R and the top-down share (which is the percentage share of the
quantity of a primary or derived good used in a transformation process). For example, the production for wheat
and meslin flour is obtained as:

productionynas and mestin flour = 3 127 767 X 0.7686 X 1.000 = 2 404 000

Table 73: Wheat values for the calculated production of derived at processing level 1

PARENT CHILD EXTRACTION RATE TOP-DOWN SHARE PRODUCTION OF CHILD

Wheat Wheat and meslin flour 0.7686 1.000 2 404 000
Wheat Bran of wheat 0.2075 1.000 649 011
Wheat Germ of wheat 0.0200 1.000 62 555
Wheat Breakfast cereals 0.8500 0.006 15 008
Wheat Malt, whether or not roasted 0.7300 0.382 872 490
Wheat Cereal preparations 0.0000 - -
Wheat Undenatured ethyl alcohol (> 80%) 0.0000 - -
Wheat Undenatured ethyl alcohol (< 80%) 0.6800 0.039 83 664

Source: Authors’ own elaboration.

Cereal preparations and undenatured ethyl alcohol (greater than 80 percent) for this country are not derived from
wheat, as their eRs are equal to 0.

Table 74: SUA for wheat products filled with the production of derived products at processing level 1

FOOD

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS ~ FEED ~ SEED  LOSS . o0 -~ FOOD INDUSTRIAL TOURIST
Wheat 32201100 82800 120829722 874 184 2189300 991600 20758 3 127 767 - 780323 -
}'I\;Zfat and meslin 2404000 102099 0 276666 . ; . - 2257054 ; .
Bran of wheat 649011 79 640 ; - 728651 ; . . ; ; .
Uncooked pasta - 115616 0 40 300 - - - - 60 248 - -
Germ of wheat 62 555 - - - 62 555 - - - - - -
Bread - 12686 - 18443 . ; . - 27766 ; .
Pastry goods and - 273583 - 621318 . ; . - 56347 ; .
cakes

Starch of wheat - 1954 0 3740 - - - - - 7214 -
Breakfast cereals 15009 262717 0 127180 - - - - 34 155 - -
Malt, whether or not 872490 24401 0 571615 . ; . - 5921 - .
roasted

Malt extract - 973 0 - - - - 617 - -
Beer of barley, - 367179 0 163564 . ; . - 2198300 ; .
malted

Wafers - 221853 0 70858 . ; . . 0 ; .
Cereal preparations - 8737 5414 64418 6425 - - - 11581 - -
Other fructose and - 133329 0 60160 . ; . - 57733 6944 .
syrup

Glucose and dextrose - 148688 0 170046 - - - - 40 337 - -
Undenatured ethyl

alcohol {> 30%) - 1357118 0 86983 . ; . . - 1270135 .
Undenatured ethyl 83664 104707 4696 183263 . y . . 2311 . .

alcohol (< 80%)
Source: Authors’ own elaboration.

The SUA of wheat has a second processing level in this example. At the second level, alcohol, beer of barley and
malt extract are obtained from malt; and wafers, starch of wheat, bread, pastry and pasta are obtained from flour.
Also at the second level, food processing is obtained as the product of the processing share and availability
because no production data are available for child products. The processing shares for the example are reported
in the Table 75 together with the availabilities calculated from Table 74 and the corresponding processed
production obtained as the multiplication of the two other values (Equation 13).
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From Section 5.2.1, the availability used for calculating food processing is given by production net of trade. For
example, the availability reported in Table 75 for wheat and meslin flour is obtained as:

availabilityypear and mestin flour = Production + imports — exports = 2404 000 + 102 099 — 276 666 =
2229433

Table 75: Wheat food processing calculation for processing level 2

COMMODITY PROCESSING SHARE  AVAILABILITY FOOD PROCESSING
Wheat and meslin flour 0.16180 2229433 360714
Malt, whether or not roasted 1.09548 325276 356 333

Source: Authors’ own elaboration.
Table 76 is filled with all values for the food processing and production of derived products for the country.

This example highlights some specific points. First, starch of wheat is produced but not used in the country for
other products, because it has no food processing. Consequently, glucose and dextrose in this country is not
produced from wheat. Indeed, it is linked to wheat through starch of wheat at the third processing level as shown
in Figure 20. Since starch of wheat is not processed, it follows that glucose and dextrose, which is a multiple parent
commodity, is produced from some other parents.

Table 76: SUA for wheat products filled with production of derived products

FOOD

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS ~ FEED ~ SEED  LOSS . o0~ FOOD INDUSTRIAL TOURIST
Wheat 32201100 82800 120829722 874 184 2189300 991600 20758 3 127 767 - 780323 R
;’l\(’;‘iat and meslin 2404000 102099 0 276666 . ; . 360714 2257 054 ; .
Bran of wheat 649011 79 640 ; - 728651 ; . . ; ; .
Uncooked pasta - 115616 0 40 300 - - - - 60 248 - -
Germ of wheat 62 555 - - - 62 555 - - - - - -
Bread 30000 12686 - 18443 . ; . - 27766 ; .
Pastry goods and 350000 273583 - 621318 . ; . - 56347 ; .
cakes

Starch of wheat 9000 1954 0 3740 . ; N 0 ; 7214 .
Breakfast cereals 15009 262717 0 127180 - - - - 34155 - -
Malt, whether or not 872490 24401 0 571615 . ; . 356333 5921 ; .
roasted

Malt extract - 973 0 - - - - 617 - -
Beer of barley, 2165000 367179 0 163564 . ; . - 2198300 ; .
malted

Wafers - 221853 0 70858 . ; . . 0 ; .
Cereal preparations 81508 8737 5414 64418 6425 - - - 11581 - -
Other fructose and - 133329 0 60160 . ; . - 57733 6944 .
syrup

Glucose and dextrose 75000 148688 0 170046 - - - - 40 337 - -
Undenatured ethyl

alcohol {> 30%) - 1357118 0 86983 . ; . . - 1270135 .
Undenatured ethyl 83664 104707 4696 183263 . ; . - 231 ; .

alcohol (< 80%)
Source: Authors’ own elaboration.

17.3.2 SUAs balancing for wheat products

Table 77 includes all the unbalanced SUAs for wheat-related products.
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Table 77: Unbalanced SUA for wheat products

COMMODITY  PRODUCTION IMPORTS DSTOCK EXPORTS ~ FEED  SEED LOSS 'O '~ FOOD INDUSTRIAL TOURIST IMBALANCE
Wheat 32201100 82800 1208 297 22 874 184 2 189 300 991 600 20758 3 127 767 - 780323.41 - 1091672
Wheatand 2404000 102099 0 276666 - - - 3607142257054 - - -388335
meslin flour

Bran of wheat 649011 79640 - - 728651 - - - - - - 0
Uncooked pasta - 115616 0 40300 - - - - 60248 - - 15068
Germ of wheat 62555 - - - 62555 - - - - - - 0
Bread 30000 12686 - 18443 - - - 27766 - - 352
Pastry goods 350000 273583 - 621318 - - - 56347 - - 54081
and cakes

Starch of wheat 9000 1954 0 3740 - - - - - 7214 - 0
Breakfast 15008 262718 0 127180 - - - - 34155 - - 116391
cereals

Malt, whether 872490 24401 0 571615 - - - 356333 5921 - - 36977
or not roasted

Malt extract - 973 0 - - - - 617 - - 356
Beer ofbarley, 165000 367179 0 163 564.02 - - - - 2198300 - - 170316
malted

Wafers - 221853 0 70858 - - - - 0 - - 150995
cereal 81508 8738 5414 64418 6425 - - - 1158 - - 2407
preparations

Other fructose - 133329 0 60160 - - - - 57733 6944 - 8492
and syrup

Glucose and 75000 148 688 0 170046 - - - - 40338 - - 13304
dextrose

Undenatured

ethyl alcohol -1357118 0 86983 - - - - 1270135 - 0
(> 80%)

Undenatured

ethyl alcohol 83664 104707 4696 183263 - - - 231 - - 1898
(< 80%)

Source: Authors’ own elaboration.

The balancing for wheat has already been explored in Section 17.2.2. Wheat was balanced using stocks, as all
conditions outlined in Section 14.2.1 hold for this commodity. However, the balancing for bread cannot be
performed using Astocks: Table 78 shows that bread does not have a value for Astocks, therefore none of the
conditions for stocks would be fulfilled.

Table 78: Balancing for bread

OPENING FOOD SUPPLY
WHEAT SUA STOCK PRODUCTION IMPORTS DSTOCK EXPORTS FEED  SEED LOSS PROCESSING FOOD IMBALANCE
UNBALANCED 0 30000 12 686 - 18 443 - - - - 27 766 -3 522 42 686
BALANCED 0 30000 12 686 - 18 443 - - - - 24243 0 42 686

Source: Authors’ own elaboration.

As bread is a food item and food is its only utilization, all the imbalance will be assigned to food, because
assigning the whole imbalance to this commodity still keeps a positive value and solves the imbalance.

Other imbalances of the wheat example will be solved in similar ways or by applying the proportional balancing
explained in Section 14. Table 79 represents the balanced SUA for wheat.
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Table 79: Balanced SUA for wheat products

COMMODITY ~ PRODUCTION IMPORTS DSTOCK EXPORTS ~ FEED ~ SEED  LOSS PRoF gEc;EIN  FOOD  INDUSTRIAL TOURIST IMBALANCE
Wheat 32201100 828002299 969 22 874 184 2 189 300 991 600 20758 3 127 767 - 780323 - 0
Wheat and 2404000 102099 0 276666 - - - 3607141868719 - - 0
meslin flour

Bran of wheat 649011 180204 - - 728651 - - - - - - 0
Uncooked pasta - 115616 15068 40300 - - - - 60248 - - 0
Germ of wheat 62 555 - - 62 555 - - - - - - 0
Bread 30000 12686 - 18443 - - - - 24243 - - 0
Pastry goods 350000 273583 - 621318 - - - 2266 - - 0
and cakes

Starch of wheat 9000 1954 0 3740 - - - - - 724 - 0
Breakfast 15009 262717 0 127180 - - - - 150546 - 0
cereals

Malt, whether 872490 24401 -36977 571615 - - - 356333 5921 - - 0
or not roasted

Malt extract - 973 356 - - - - 617 - - 0
Beer ofbarley, 5165000 367179 170316 163564 - - - - 2198300 - - 0
malted

Wafers - 221853 0 70858 - - - - 150995 - - 0
cereal 81508 8737 1 64418 8992 - - - 16834 - - 0
preparations

Other fructose - 133329 8492 60160 - - - - 57733 6944 - 0
and syrup

Glucose and 75000 148688 1322 170046 - - - - 52320 - - 0
dextrose

Undenatured

ethyl alcohol -1357118 0 86983 - - - - - 1270135 - 0
(> 80%)

Undenatured

ethyl alcohol 83664 104707 0 183263 - - - 5109 - - 0
(< 80%)

Source: Authors’ own elaboration.

17.4 Balanced SUAs for barley products and sweeteners

This Section provides examples for two other FBS groups, giving their commodity trees and showing the final
balanced SUAs. These are barley products (Table 80 and Figure 21) and sweeteners (Table 81 and Figure 22). It is
assumed that the SUA compilation process has already been applied for all products in these groups for each
country and each year.

Both these commodity groups share some products with the wheat SUAs as they both contain derived products
that also have a parent commodity in the wheat SUAs or commodities that are cut from the wheat tree.

Table 80: Balanced SUA for barley and products

COMMODITY PRODUCTION IMPORTS DSTOCK EXPORTS  FEED SEED  LOSS PR;(?E(:;SDING FOOD INDUSTRIAL TOURIST IMBALANCE
Barley 8379700 43657 2763622386934351837257800381429 1165963 - - - 0
Barley, - 1173 - - - - - - 1173 - - 0
pearled
Malt extract - 973 356 - - - - - 617 - - 0
Malt, whether

872490 24401 -36977 571615 - - - 356 333 5921 - - 0
or not roasted
Pot barley - - - - - - - 0 - - - 0

Source: Authors’ own elaboration.
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Figure 21: Barley commodity tree

Pot, barley Barley, pearled

Barley

Malt, whether or not roasted Malt extract

Source: Authors’ own elaboration.

The SUAs for the sweetener products, in particular, are special as they are all composed of products that are cut
from the tree of the primary commodities from which they are produced, and considered separately as if they
were primary, due to the importance they have in the food composition of the country (cut commodities or proxy-
primaries as defined in Section 15.2.1).

Table 81: Balanced SUA for sweeteners and products

COMMODITY  PRODUCTION IMPORTS DSTOCK EXPORTS  FEED SEED  LOSS PRC;:(?EC;?ING FOOD INDUSTRIAL TOURIST IMBALANCE

Fructose,
chemically pure
Glucose and
dextrose
Lactose 685 8231 5426 1873 - - - - 1617 - - 0
Molasses (from

beet, cane and 22960 142077 - 12171 54745 - - 98121 - - - 0
maize)

Other fructose

and syrup

Other non-

alcoholic caloric - 874700 0 227473 - - - - 647226 - - 0
beverages n.e.c.

Refined cane or

beet sugar,

solid; maple 55 000 2506 0 48 373 - - - - 9134 - - 0
sugar and maple
syrup

Sugar and
syrups n.e.s.
Source: Authors’ own elaboration.

- 2 850 0 58 - - - - - 2791 - 0

75000 148688 1322 170046 - - - - 52320 - - 0

- 133329 8492 60 160 - - - - 57733 6944 - 0

- 46926 4163 10 195 - - - - 32568 - - 0

Figure 22: Commodity tree of sweeteners products

|r__._-) Other fructose and syrup
Ir—T_—JI—’V Glucose and dextrose

Ir_:_-ll_" Lactose

Ir_j_-l Fructose, chemically pure

= Molasses, from beet, cane
L, i .

1 and maize

Sugar and syrup, n.e.s.

Ir |—>| Refined sugar

-= Other not alcoholic caloric

beverages

Source: Authors’ own elaboration.
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17.5 Standardization example

After SUAs have been produced and balanced, standardization can be performed using Equation 68 to Equation 70,
using extraction rates and weights. For the current example, Table 82 shows the correspondence between the
SUAs and the corresponding FBS group. The table shows the correspondence at the item level, mapping CPC items
to the FBS group. All items in the commodity trees are shown.

Products relating to one single commodity tree can fall into different FBS groups. The table also shows the SUA
products having a weight equal to 0, which are not standardized in terms of quantities, but only in terms of
macronutrients for reasons discussed in Section 15.3.2.

For co-products and zero-weight products reported in Table 82, the extraction rates and shares are used to
standardize quantities for the FBS groups of the example. Table 83 shows the resulting FBS after standardization
and aggregation for the three groups. The example does not show all possible FBS groups in the commodity tree

but only the three selected for this example for illustrative purposes.

Table 82: CPC—FBS commodity mapping with weights

FBS GROUP CPC ITEM (as in SUA) ZERO

BARLEY & PRODUCTS Malt, whether or not roasted

BARLEY & PRODUCTS Malt extract X

BARLEY & PRODUCTS Barley

BARLEY & PRODUCTS Barley flour and grits X

BARLEY & PRODUCTS Barley, pearled

BARLEY & PRODUCTS Bran of barley X

BARLEY & PRODUCTS Pot barley

BARLEY, BEER Beer of barley, malted

BEVERAGES, ALCOHOLIC Undenatured ethyl alcohol (> 80%)

BEVERAGES, ALCOHOLIC Undenatured ethyl alcohol (< 80%)

CEREALS, OTHERS &PRODUCTS Cereal preparations X

SWEETENERS, OTHER & PRODUCTS  Other fructose and syrup

SWEETENERS, OTHER & PRODUCTS  Glucose and dextrose

SWEETENERS, OTHER & PRODUCTS  Fructose, chemically pure

SWEETENERS, OTHER & PRODUCTS  Lactose

SWEETENERS, OTHER & PRODUCTS  Molasses (from beet, cane and maize) X

SWEETENERS, OTHER & PRODUCTS  Other non-alcoholic caloric beverages n.e.c.

SWEETENERS, OTHER & PRODUCTS  Refined cane or beet sugar, solid; maple sugar and maple

SWEETENERS, OTHER & PRODUCTS  Sugar and syrups n.e.s.

WHEAT & PRODUCTS Wheat

WHEAT & PRODUCTS Wheat and meslin flour

WHEAT & PRODUCTS Bran of wheat X

WHEAT & PRODUCTS Uncooked pasta

WHEAT & PRODUCTS Germ of wheat X

WHEAT & PRODUCTS Bread

WHEAT & PRODUCTS Pastry goods and cakes

WHEAT & PRODUCTS Starch of wheat

WHEAT & PRODUCTS Breakfast cereals X

WHEAT & PRODUCTS Wafers
Source: Authors’ own elaboration.
Table 83: FBS for wheat, barley and sweeteners

FOOD

FBS GROUP PRODUCTION IMPORTS DSTOCK EXPORTS FEED SEED LOSS PROCESSING FOOD INDUSTRIAL TOURIST
SWEETENERS, OTHER
& PRODUCTS 130685 1217230 19 403 518 180 0 0 800598 0 56
BARLEY & PRODUCTS 8379 700 81702 -21184 3002577 4351837 257800 381429 476 189 12 754 0 2
WHEAT & PRODUCTS 32201100 1009609 2319574 25606330 2189300 991600 20758 3127767 2814205 0 780323

Source: Authors’ own elaboration.

126



COMPILATION OF FOOD BALANCE SHEETS: A STEP-BY-STEP EXAMPLE

17.6 Standardization of nutrients example

As a final step of the FBS calculation, nutrients are computed using the food consumption values at the SUA level
(i.e. for each commodity) as reported in Table 79, Table 80 and Table 81. Nutrients are calculated by applying the
calorie/fat/protein content factors to all SUA items with a non-zero food quantity. The nutrient values for barley
and products of the current example are reported in Table 84,

Table 84: Nutrients for barley and products

COMMODITY CALORIES PROTEINS FATS FOOD QUANTITY CALORIES/YEAR PROTEINS/YEAR FATS/YEAR
(kcal/100g)  (g/100g) (8/100g) (t) (kcal) (t) (t)

Barley - - - - - - -

Barley flour and grits - - - - - - -

Barley, pearled 330 10 1 1173 3871 117 12

Bran of barley - - - -

Malt extract 310 6 0 617 1913 37 0

Malt, whether or not 357 10 2 5921 21138 592 118

roasted

Pot barley - - - - - - -

TOTAL 26 922 746 130

Source: Authors’ own elaboration.

The aggregation of nutrients is now a simple last step: all the nutrient variables (i.e. calories, fats, and proteins)
are purely additive, so the standardized calories, fats and proteins for the FBS group barley and products are simply
the sum of the total calories, fats and proteins, respectively, for each commodity.

Table 85 reports the final values of the nutrients for the current example. In the table, total values are also
reported, which represent the overall values for the FBS of this example country and include values from all the
other FBS groups.

Table 85: Wheat, barley and sweeteners nutrients

FBS GROUP CALORIES/YEAR (kcal) PROTEIN/YEAR (t) FATS/YEAR (t)
WHEAT & PRODUCTS 8099 333 247733 47 924
BARLEY & PRODUCTS 26922 746 130
SWEETENERS, OTHER & PRODUCTS 756 002 173 0
GRAND TOTAL 47 250118 1379487 2136555

Source: Authors’ own elaboration.
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Acquiring accurate and timely statistical data is crucial for
shaping effective strategies in agrifood systems, directly
impacting living standards across nations. Food balance
sheets are a structured representation of a country’s

food availability, presented as an accounting of the
supply and use of resources and food during a specified
reference period. They are pivotal statistics, which provide
comprehensive insights into national food consumption
patterns, levels and trends.

This handbook provides an essential description of the
methodology used by FAO to develop food balance sheets.
It aims to familiarize Member Nations, food budgeting
institutions, and other interested parties with the core
processes involved in data collection and imputation
strategies specifically for agricultural and livestock
products.
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