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Supplementary Material (SM) 
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Figure S1: Flowchart of procedures summarized 

MAPAMA: Spanish acronym of Ministry of Agriculture, Fishing, Food and 
Environment 

EIP (INE): Industrial Products Survey of the National Statistics Institute (INE). 

CODEX (FAO): Codex Alimentarius—Food and Agriculture Organization (FAO) 

Datacomex (MINECO): Trade Statistics of the Ministry of Industry, Trade and 
Tourism 
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Tourist food consumption 

In order to know if the tourist demand, in a country like Spain with a high number of visits, 
can alter the calculations, the consumption of the tourists who visit the country has been 
estimated. To do this, the duration of tourists’ stays has been calculated (INE, 2017a [1]), 
expressed in number of days and has been multiplied by the three meals eaten per day, 
according to the average food consumption outside the home. In this way, the total 
number of meals eaten by tourists has been found. Subsequently, the same procedure 
has been followed with Spanish tourists who are absent from the country, following the 
same dietary guidelines shown in the report on non-domestic consumption mentioned 
above. The balance between the annual number of Spanish visitors and tourists visiting 
abroad shows a value of less than 3% of total consumption, so it has not been considered 
necessary to correct the result, as it falls within non-significant margins of error. 

 

Agrarian production 
Food loses and waste are not applied to the production phase due to the fact that 
agrarian production statistics already present net production data. 

Disaggregated Spanish industrial production data 
For the industrial production of processed products, the Spanish National Institute 
collects data in its Industrial Production Survey (EIP) (INE, 2017b p27 [2])), presenting a 
wide range of products. Covering 90% of the production of each code of National 
Classification of Economic Activities (CNAE) (CNAE 2009: National Economic Activity 
Classification, homogenized with statistic proposes for the European Union), both in 
value and volume, the database takes into consideration all companies with more than 
20 workers, and more than 50% of companies with fewer workers.  

Raw materials and processed products conversion 
For the industrial processing of food, we identify the main phases and transformation 
coefficients in order to identify input quantity need. Therefore, the reconstruction process 
of the entire tomato industry is explained as an example of any given food chain studied 
in this contribution:  

Tomato transformation processes involve peeling, crushing, and/or concentrating to 
generate the semi-processed raw materials with which the processed products for 
consumption are manufactured. As an approximation to the standards of industrial 
transformation processes, BRIX equivalence graduation has been used. BRIX degrees 
specify the percentage of solids in the sample and is measured through a refractometric 
index (Johnstone, Hartz, LeStrange, Nunez, & Miyao, 2005 [3]). A higher value of BRIX 
degrees corresponds to a greater water evaporation processing of the tomato. According 
to the CODEX international trade regulation standard for processed tomato, two 
categories are distinguished: tomato puree (hereafter, tomato concentrate), which 
contains between 7-24% of total soluble solids (or Brix degrees), and tomato paste, 
which contains higher values. Starting from the BRIX value contented in fresh industrial 
tomatoes (Ciruelos Calvo, de la Torre Carreras, & González Ramos, 2008 [4]; 
Domínguez Pérez et al., 2012 [5]; Lorente et al., 2011 [6]) and the CODEX definitions, 
we determined the amount necessary for the production of each of the categories 
included in the Industrial Production Survey (EIP) for the year 2017, therefore, 
establishing the tons of raw material needed by the manufacturing industries. For some 
cases, these factors have been corrected based on the information regarding processed 
tomato products collected from Agribalyse (Asselin-Balençon et al., 2020 [7]) and 
Ecoinvent 3.7.1 (Ecoinvent, 2019 [13]), as well as from certain literature (Brodt, Kramer, 
Kendall, & Feenstra, 2013 [8]; Caldeira, De Laurentiis, Corrado, van Holsteijn, & Sala, 
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2019 [9]; Guzmán Casado et al., 2014 [10]; Secondi, Principato, Ruini, & Guidi, 2019 
[11]). Finally, business information sources from the sector or from the brands 
themselves have been taken into account for the needs of semi-transformed products 
(tomato paste and tomato concentrate) in the manufacture of final processed products 
(www.tomcoex.com/es). 

Table S1. Conversion factors to tomato equivalent based on BRIX graduation calculus 

Product Conversion 
factor to 
tomato 

equivalent 

Group 

Fresh tomato 100% Fresh tomato 
Tomato derivative 168% 

Processed 
tomato 

Tomato juice 132% 
Ketchup and other tomato sauces 182% 
Tomato paste (industrial input) 256% 
Tomato concentrate (industrial 
input) 

340% 

Dice or smashed tomato 132% 
 

Losses associated with production have been applied according to the FAO post-
harvest, handling and storage category (FAO, 2011 [12]). 

Foreign trade and agricultural and industrial production correspondence 

The Foreign Trade Data Statistic (COMEX) collects commodity flows greater than EUR 
400,000 of all international trade products, indicating countries of origin and provinces of 
destination, as well as the main mode of transport used. For the correspondence 
between the data reflected by the EIP and those of COMEX, we use the document 
provided by Eurostat (Eurostat, 2019 [14]) to define the correspondence between 
manufactured products in Spain and those traded with other countries. 

Losses associated with post-harvest, handling, and storage have been applied to import 
flows base on FAO factors (FAO, 2011 [12]). In the case of exports, the value reflected 
by the COMEX statistics has been escalated to incorporate losses during the agri-
exportation flow. 

 

FOOD CHAIN RECONSTRUCTIONS 
Figures S2–S21 represent the biomass flows of each food chain used as models for the 
calculations for the mismatching between official calculated consumption and apparent 
consumption. 
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Figure S2 –Diagram of biomass flows for the almond food chain. 
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Figure S3 –Diagram of biomass flows for the Extra Virgin Olive Oil food chain. 

 

Figure S4 –Diagram of biomass flows for the onion food chain.   
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Figure S5 –Diagram of biomass flows for the cabbage food chain. 

 

Figure S6 –Diagram of biomass flows for the chickpea food chain.   
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Figure S7 –Diagram of biomass flows for the lentils food chain. 

. 

Figure S8 –Diagram of biomass flows for the apple food chain.   
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Figure S9 –Diagram of biomass flows for the orange food chain. 

 

Figure S10 –Diagram of biomass flows for the potato food chain.   
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Figure S11 –Diagram of biomass flows for the pineapple food chain. 

 

Figure S12 –Diagram of biomass flows for the banana food chain.   
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Figure S13 –Diagram of biomass flows for the egg food chain. 

 

Figure S14 –Diagram of biomass flows for the wine food chain.   
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Figure S15 –Diagram of biomass flows for the rice food chain (A) and the wheat food chain (B). 
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Figure S16 –Diagram of biomass flows for the swine food chain    
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Figure S17 –Diagram of biomass flows for the beef food chain.    
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Figure S18 –Diagram of biomass flows for the tomato food chain.   
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Figure S19 –Diagram of biomass flows for the chicken food chain.    
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Figure S20 –Diagram of biomass flows for the beer food chain. 
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Figure S21 –Diagram of biomass flows for the milk food chain.    
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Table S2 indicates the weight of the ratio considered according to the type of food within 
the group of cereals and dairy products. 
 

Table S2. Grams per serving of main foods belonging to the cereal and dairy groups. 
Cereals Serving (g) Dairy Serving (g) 
Bread 50 Milk 225 
Biscuits 40 Yogurt 125 
Cereals 30 Cheese 95 
Rice 60 Cream 50 
Pasta 60 Ice cream 125 
Potato 125 Dairy desserts 125 
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