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LABOUR, NATURE AND EXPLOITATION: SOCIAL METABOLISM AND INEQUALITY IN A FARMING 
COMMUNITY IN MID-NINTEENTH CENTURY CATALONIA  

 
Abstract 

Exploiting the labour of other people has historically been one of the main strategies to tackle the biophysical tension that always 

exists between the satisfaction of human needs and the labour required to fulfil them. Based on the insights of ecological, feminist 

and marxist economics, we disentangle the exploitation of the labour of women and labouring poor through a novel methodology 

that integrates energy, material, time and cash balances. We apply it to the sociometabolic flows between household units endowed 

with different land and livestock resources in a traditional rural community in Catalonia (Spain) in the mid-19th century. The 

results show that land and livestock hoarding led to a process of accumulation through dispossession that increased the exploitative 

relationships through the labour market, which in turn relied on the patriarchal division of labour between men and women at 

home. Our estimates of energy labour surplus reveal that male wages represented 88% of the equivalent consumption basket that 

would have been obtained by carrying out the same amount of labour on land of one’s own. However, in the case of female wages 

the percentage was 54%. This shows that wage labour incorporated a significant amount of unpaid domestic family labour. 

 

Keywords: Land-Time Budgets, Pre-industrial Organic Agricultures, Social Organization of Labour, Domestic and Care Labour, 

Energy-Labour Surplus. 

INTRODUCTION 

‘Differences between individuals or between groups of individuals are not only normal 

but also unavoidable phenomena in the biological world. But only within the human 

species do we find, from the dawn of history on, inequalities of a different nature – 

social inequalities which have little, if anything, to do with the biological differences’. 

(Georgescu-Roegen 1977, 361) 

Many studies of past and present rural communities have shown how the accumulation of land and livestock in fewer 

hands creates the need for landowners to hire wage labour and the dispossessed family units that need to accept this 

wage labour to survive. Yet, only very few researchers such as Bayliss-Smith (1982), Scheidel et al. (2013, 2014, 

2018), Gizicki-Neundlinger et al. (2017a, 2017b) and Güldner and Krausmann (2017) have so far attempted to link 

the sociometabolic patterns of the biophyisical flows that sustain the economic reproduction of these rural 

communities with the social and gender inequalities that prevail both within and outside of them. In this article we 

advance a multidimensional analysis to link the biophysical, money and time flows to show how exploitative 

relationships based on patriarchal and social divisions of labour took place through the market exchange of labour 

time, money flows and the final consumption baskets of staple goods.  
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The exploration of these analytical links between the sociometabolic approach to farm reproduction and social 

and gender inequalities in a small pre-industrial farming community has the advantage of dealing with a much simpler 

unit of analysis than in the case of larger urban-industrial societies. Furthermore, it is important to gain a deeper 

understanding of the role that social and gender inequalities have played as driving forces in the historical 

socioecological transitions from past organic economies to the capitalist-industrial ones of the present day. González 

de Molina and Toledo (2014) argue that inequality often entailed an increase in exosomatic consumption by a small 

social group.3 If this was not compensated by an equivalent reduction in the exosomatic consumption of other social 

classes, the total metabolic pressure increased the social demands on a territory beyond the size of its population. 

Thus, inequality might have been a powerful driver of the historical evolution of societies towards increasingly 

unsustainable sociometabolic regimes. Although the present work cannot enter deeply into this debate, this is the 

fundamental question within which our research is framed.  

Despite being limited to a small-scale historical case study (Sentmenat, Catalonia, in the mid-19th century), our 

research seeks to contribute to the ample literature that sees technological advances as a process in which time and/or 

space are saved for some at the expense of time and space taken from someone and elsewhere through a process of 

appropriation based on accumulation by dispossession (Wilkinson 1973; Hornborg 2003; Harvey 2003). In the same 

vein, this approach helps us understand why the  sociometabolic transition has entailed a change from a regime with 

greater pressure on internal inequality towards a regime that shifts social pressures towards external and 

intergenerational inequalities (González de Molina and Toledo 2014).  

Empirical validation of these approaches requires research on the complex articulations between land 

endowment, labour performance and energy turnover in processes of social reproduction. This line of research is 

developed here in the study of traditional organic farming where land-labour-energy nexuses are clearer and easier to 

map and analyze. Nonetheless, the novel multi-budget accounting developed in this study has the potential to be 

enlarged and adapted to tackle wider cases in future research. The ultimate aim is to develop new methods of analysis 

and empirical evidence to inform a new sociometabolic transition towards more sustainable societies in what has been 

called the ‘Third Great Transformation’ (Haberl et al. 2010).  

Our multi-budget analysis highlights two elements that have not been worked out in depth so far from a 

sociometabolic perspective: (i) the role of the human labour performed by different individuals belonging to different 

                                                            

3 The distinction between endosomatic and exosomatic energy flows was first introduced by Lotka (1956) and later developed by 
Georgescu-Roegen (1975). Endosomatic energy flows refer to the use of energy needed to maintain the internal metabolism of a 
human being, while exosomatic flows refer to the use of energy sources for energy conversion outside the human body, but still 
operated under human control (Ramos-Martín, 2006). 
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social and gender groups in socio-ecological reproduction processes; and (ii) the unequal distribution of the final 

product among these different genders and social groups that results from the reproductive processess that take place 

through the market. Until now, the emphasis in sustainability analyses of agrarian systems has been on the 

reproduction of two agroecosystem funds: soil fertility and livestock (Burke et al. 2002; Cunfer 2004, 2005; Billen et 

al. 2009; García-Ruiz et al. 2012; Tello et al. 2012; Gingrich et al. 2015; Cunfer and Krausmann 2013, 2015; 

Delgadillo-Vargas et al. 2016). Less attention has been paid to the third fund; that is, household peasant units and their 

annual reproduction (Scheidel 2013). The role of these farming communities as suppliers of labour, the consideration 

of time as a key resource (Fischer-Kowalski et al. 2010) and the exploitative relationships established among different 

social groups have been analyzed in less detail, if at all.  

Our study addresses four essential questions posed by agrarian political economy (Bernstein 2010): Who owns 

what? Who does what? Who gets what? What do they do with it? Although these questions have frequently been 

addressed in the study of social inequalities in many agrarian societies, including the Catalan one analyzed here (Tello 

and Badia-Miró 2018; Tello et al. 2018; Colomé et al. 2002; Garrabou et al. 2014; González de Molina et al. 2014; 

Parcerisas 2014), answering them from the perspective of the contributions made by social metabolism and political 

ecology research remains a pending task (Gerber and Scheidel 2018). The objective is to contribute to the development 

of a sociometabolic analysis of the historical forms of exploitation in traditional organic societies, in particular those 

that arose immediately after the Spanish liberal agrarian reforms of the 19th century as a result of unequal access to 

two key funds of agroecosystems: land and livestock. In the first section we outline the theoretical framework from 

which we understand the links between the prevailing biophysical constraints and the role of labour as a fundamental 

element that drives social metabolism. The second section summarizes the multi-budget method of calculation 

developed for our biophysical analysis of social inequality in traditional organic farming communities and presents 

the main hypothesis of this research. We then describe the main features of the case study – Sentmenat, Catalonia, in 

1850 – and explain the choice of the households selected for analysis. In the third section we present the results, which 

we discuss in the conclusion. A methodological annex details the main criteria and data on which the empirical 

exercise is based.  
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THEORETICAL FRAMEWORK: NATURE, LABOUR AND EXPLOITATION 

 

‘The problem of “unequal exchange” is a paradigmatically Marxian topic 

in that our difficulties in conceptualizing it can be seen as part of the 

conditions for its existence’ (Hornborg 2003, 4, emphasis in original). 

. 

Can social inequality be analyzed from a sociometabolic perspective? What original contributions could this new 

perspective provide? Starting with the notions of the social organization of labour, the social distribution of product 

and the underlying exploitative relationships, we offer a first proposal for a new multi-budget accounting that 

interlinks the different flows (labour time, biomass and money) that were exchanged in markets by different types of 

household unit.  

The concept of labour is integral to understanding the biophysical, cognitive and social links that economic 

activity establishes between society and nature. We are aware of its complex multidimensionality, but for the purposes 

of this research we start with a narrow definition that considers labour power, or labour capacity, as the set of physical 

and mental capabilities acquired by human beings at a certain point of their development as individuals (Marx 1996 

[1867]). In biophysical terms, the specific implementation of this labour capacity is the fundamental process through 

which human societies are able to appropriate, transform, distribute, consume and produce a set of energy and material 

flows taken from nature in order to have enough energy and materials available for their annual reproduction. 

Therefore, labour is what drives the entire biophysical sphere of a society, and what the labouring households obtain 

from their labour determines the social distribution and consumption of what society produces.  

Analogously, the existence of basic human needs requiring satisfaction is rooted in the belonging of the human 

species to the biosphere, which implies that its fulfilment is as much linked to thermodynamics as to the deployment 

of energy and materials by human labour. However, the socially produced satisfiers that fulfill these needs, although 

rooted in the nature of the human species and its biophysical environment, also become socially determined cultural 

constructs.4 Acknowledging the multiple and relational nature of labour as biophysically, cognitively and socially 

determined has always been part of the basic core in the long conformation of a substantive economics, historically 

opposed to the mainstream of liberal neoclassical economics, which only operates with exchange values expressed in 

monetary terms (Gerber and Scheidel 2018). From the world-view of substantive economics, the primordial aim of 

                                                            

4 Manfred Max-Neef (1991) has established the distinction between ‘needs’ and their ‘satisfiers’. One of the key aspects that 
determines a sociometabolic regime is the choice of the specific satisfiers of the fundamental human needs, which are always 
culturally and economically determined by the prevailing societal rules.  
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human labour is the production of use values for the reproduction of workers and their offspring (Polanyi 1957a, 

1957b[1944]). Accounting for this in energy and material terms is an analytical advance, but one that remains in its 

infancy due to the long history of misunderstandings between energy analysis, political ecology and Marxism 

(Martínez-Alier and Naredo 1982; Hornborg 1998; Foster and Holleman 2014; Tello 2016). 

The relationship of every human being with their own labour power is also Janus-faced. On the one hand, 

labour is the process through which the goods and services that are necessary for life (food, fuel, fibres, housing, 

transportation) are obtained. On the other hand, a human being’s own capabilities, both physical and mental, are their 

first means of production. As a means of production that develops physical labour in a world that is subordinated to 

the principle of entropy, all labour requires an ‘effort’ to overcome a resistance. As Karl Marx described it in Capital: 

‘(man) opposes himself to nature as one of her forces, setting in motion arms and legs, head and hands, the natural 

forces of his body, in order to appropriate Nature's productions in a form adapted to his wants’ (Marx 1996 [1867], 

Chapter 7). Therefore, the human body produces use value, which at the same time it needs to consume (Mies 1986). 

It is the integration of the human species in its biophysical context that defines both sides of this cycle: the inevitability 

of processes of appropriation and distribution to enable the consumption of the materials and energy needed for human 

reproduction and the inevitability of labour as a means to obtain them.  

Given that human beings organize labour as well as consumption in a social manner, individual decision-

making capabilities are extensively framed by the social structures in which both labour and consumption occur. As 

a mental experiment, we could start by placing this decision-making process in egalitarian societies defined as ‘one 

(community) in which those who produce something are also—in an intergenerational sense—its consumers’ (Mies 

1986, 46). In that case, and in the absence of technical innovation, any increase in consumption must be met by an 

increase in labouring time (Chayanov 1986 [1925]; Van der Ploeg 2014). When the social groups that benefit from 

the increase in consumption are the same as those that assume the efforts associated with that labour process, there 

will be no inherent tendency towards indefinitely increasing consumption levels, thus creating a certain stability in 

the sociometabolic regime. 

Despite the above, even in societies based in relatively small and egalitarian human groups, a latent biophysical 

tension may exist. This may lead to the potential pursuit of an increase in consumption flows (desirable goal) while 

avoiding an increase in the applied labour required (undesirable goal). Different strategies have been formulated to 

deal with this biophysical tension, among which we can emphasize (i) the incentive for technological innovations, 

particularly those that facilitate the control of labour and the products of others; (ii) the overexploitation of natural 

resources (either renewable, e.g. soil fertility, or non-renewable, e.g. fossil fuels; and (iii) the establishment of 
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exploitative inter-personal relationships. Given the characteristics of our case study, which is focused on a pre-

industrial rural community that practised an advanced form of organic agriculture with a still low incidence of 

industrial technical innovations and non-renewable energy sources, the present work will focus on the third aspect.  

The capacity to appropriate part of the products generated by the labour of others – that is, the prospect of 

‘using’ the endosomatic organs of ‘others’ (Georgescu-Roegen 1977) – presupposes the breaking of a direct link 

between the producer and consumer of a given consumption basket. In this way, the original biophysical tension could 

also become an incentive for the establishment of exploitative social relationships, understood as ‘those in which non-

producers are able to appropriate and consume (or invest) products and services of actual producers’ (Mies 1986, 46; 

also Luxemburg 1985[1925]). From the understanding of power as based on consent (Godelier 1998), the maintenance 

of permanent exploitative relationships also requires several processes of legitimation. For the purposes of our case 

study, located within a traditional Catalan form of organic agriculture in the aftermath of the Spanish liberal reforms, 

we identify two main sorts of exploitative relationship: (i) patriarchy, through the sexual division of labour; and (ii) 

the agrarian class structure, through land and livestock being treated as private property. 

It seems incontrovertible that one of the first forms of exploitation that appeared within human communities 

originated with the sexual division of labour: ‘The imbalance of production meant that women, through their labour, 

were giving men both time and surplus’ (Mellor 1992, 133). Domestic labour and care labour were both assigned 

exclusively to women, partially denying their role in production outside the home and ensuring (re)productive labour 

for the preservation of the family and society’s labour force. Even though the total amount of labour hours of men and 

women might be similar within the domestic economy, some research suggests that food redistribution was unequal 

within the household (Ryan-Johansson 1977; Humphries 1991; Nicholas and Oxley 1993; Horrell and Oxley 2013). 

A feature common to all these female tasks was that they also included the biological process of intergenerational 

reproduction, thus ensuring the (re)production of the labour force (Firestone 1970) in order to sustain its current 

‘active’ members, as well as future workers. The importance of female domestic and care work, which ensures social 

reproduction, went hand in hand with its devaluation, which helped to legitimize the exploitation of women from the 

outset. 

Once human gender inequality had been socio-symbolically legitimized, it led the way to establishing other 

forms of social hierarchy within communities or societies (Bookchin 1982). This allowed the unequal distribution of 

labour and the appropriation of surplus production on the part of dominant classes of non-producers (Bernstein 2010, 

21). Starting with John Locke (1963[1690]), the line of thought that led from the Age of Enlightenment to Liberalism 

has continued to assume that property is the result of one’s own labour. However, it had to face the fact that this 
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criterion ceases to apply when dissociation occurs between the producer (labourer) and the means of production 

(proprieter). In this case, Locke argued that the landowner was also entitled to appropriate the results of the labour 

performed by the bodies of other people when these bodies belonged to him. From that point on, it could also be 

admitted that only a fraction of product had to be directed at recompensing the labourer, thus justifying the owner of 

any means of production (including the time of human labour) to appropriate all the resulting product. Only through 

a previous ‘competitive exclusion’, defined as the ‘appropriation by a group of humans of a territory and thus of the 

use of its services and resources’ (González de Molina and Toledo 2014, 278), exerted by a minority against the rest 

of society, was it possible to develop and later legitimize a more stable process of ‘parasitism’ dependent on the 

exploitation of labour and resources. 

The processes just described allow us to observe how biophysical limits raised a series of tensions inherently 

linked to the social organization of labour and the resulting allocation of rights in the distribution of production. 

Exploitative relationships that lead to a process of the asymmetrical performance of roles and the appropriation of 

production regarding labour distribution can therefore also be understood from a biophysical perspective. This allows 

the consideration of ‘inequality’ to be widened by referring to ‘exploitation’ between human beings, thereby bringing 

to light the underlying links between the different social groups that are opposed in this process of the appropriation, 

transformation, circulation, consumption and production of energy and materials taken from nature by labour. The 

maintenance of this kind of parasitic relationship requires symbolic and institutional mechanisms to be legitimized. In 

this study we will focus on two of them: the sexual division of labour, and private property in land and livestock. Our 

goal is to advance a substantive ecological economics that, from accounting for social metabolism, goes on to examine 

inequality, exploitation and the socioecological mechanisms that enforce them (Gerber and Scheidel 2018). For this 

purpose, we need to examine ideological veils and the institutional mechanisms that justify and preserve them, such 

as the market exchanges that, from a sociometabolic standpoint, are seen as the ‘converters’ of biophysical flows into 

monetary flows and vice versa. 

 

METHODOLOGY, HYPOTHESIS AND FEATURES OF THE CASE STUDY (SENTMENAT, 1850)  

Labour, land and livestock: A new methodological approach to their flow accounting  

In order to assess exploitative relationships within pre-industrial organic farming communities, our starting point is 

the fact that, through the hoarding of farmland and livestock, the larger landowners established their capacity to control 

large shares of the agricultural product that resulted. However, without the ability to mobilize a labour force, the 

management of any farmland estate that exceeded the labour capacity of a family household unit would not have been 
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possible. Hence, a requirement for the availability of external labour was the existence of social groups that had been 

‘dispossessed’ of the land and other means of production and whose reproduction required the sale of their labour in 

the market. Although the imbalances between those with a ‘farmland surplus’ and a ‘labour surplus’ were also adjusted 

through land tenure, here we will focus only on the hiring of labour. We will present a methodology for sociometabolic 

accounting that visualizes and characterizes the functioning of the exploitative relationships that arose through the 

labour market between different social groups within the agrarian class structure we are examining.  

This kind of approach requires the elaboration of biophysical balances on the scale of the domestic unit, a quite 

unusual perspective except for some very recent studies (Nawn 2016; Gizicki-Neundlinger et al. 2017a, 2017b). So 

far each of these sociometabolic explorations of social inequality uses its own methodology, which makes comparative 

analyses difficult. The accounting method we propose is a hybrid that combines methodologies used in other lines of 

research. First, we use Material and Energy Flow Accounting (MEFA) to estimate the different energy and biophysical 

flows that connected the key fund elements being considered: farmland, livestock and the agricultural community 

(Tello et al. 2016; Galán et al. 2016; Guzmán and González de Molina 2017; Gingrich et al. 2018). Secondly, we 

apply Land-Time Budget Analysis (LTBA), a methodology used in many case studies of traditional or transitional 

farming (Pastore et al. 1999; Gomiero and Giampietro 2001; Grunbuhel and Schandl 2005). Lastly, we link material-

energy flows and labour time with family cash flows through a circular-reproductive connection that allows us to 

observe where these biophysical flows came from and where they finally ended up. In doing so, for every domestic 

unit we can specify the flows that connected the distinct funds (household, farmland and livestock) expressed in terms 

of energy, materials, soil nutrients, labour and money (Figure 1). 

 Every fund has reproductive needs and capacities. In this work we will mainly focus on the yearly needs and 

capacities of households (HH). Every HH had needs in terms of (i) domestic and care work, (ii) food consumption, 

(iii) fuel and (iv) money (details can be found in the annex). In turn, certain capacities were available for every HH 

that in this approach we narrow down to labour capacity, even though they are a lot more diverse in human terms. All 

these variables will be defined by the size and composition of every HH (gender and age), except the need for cash 

flows that also depended on their farmland and livestock endowments.  

Total Produce (TP) obtained will, at first, be distributed according to the capacity of every HH to reproduce 

their funds every year. We proceed under the assumption that agricultural processes did not pursue social reproduction 

alone, but also the reproduction of all the other funds that made farmland labour possible (livestock and soil fertility). 

In a sequential process, we first compare food and fuel availability for human consumption with the requirements of 

every HH. This will show the self-sufficiency ratios, as well as the resulting surpluses or deficits for every product. A 
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second group of products were allocated to the reproduction of soil fertility, from which we can estimate the quantity 

and quality of available fertilizing biomass and the outcome of nutrient balances. A third group of products was 

devoted to reproducing livestock. These last two flows are grouped as Biomass Reused (BR), and the criteria for the 

drafting of these two processes are detailed in Marco et al. (2018) and Padró et al. (2019). The implicit assumption is 

that in normal conditions these three reproduction processes had to be met every year, and that the flows that could 

not be obtained from HHs’ own internal provisions would be acquired in the market (thus increasing cash 

requirements). 

Figure 1. Sociometabolic Fund-Flow structure of traditional organic agricultures 

 

Notes: ‘pts’ refers to the Spanish monetary unit, ‘pesetas’; ‘w.d.’ refers to ‘working days’ and ‘LU500’ refers to Livestock Units 
of a standardized weight of 500 kg. The boxes on the left represent the three funds (Household, Farmland and Livestock). Labour 
that is directly incorporated from the HH towards the same HH is Domestic and Family Work (DFW). Although the material 
flows have an equivalent in energy as well as in nutrients, we will define every flow according to its main role (i.e. fertilizing 
biomass in Nitrogen equivalents; food, fuel and feed in energy units). Source: Our own. 

Time balances are calculated next. To that end we start deducting from the total amount of available labouring 

time the quantity of Domestic and Family Work (DFW) required, defined by HH size and composition (gender and 

age). Secondly, we estimated the quantity of farming labour required by each HH according to (i) farmland extent and 

uses, and (ii) livestock size and composition (see annex). From this comparison we can determine whether labour 

requirements were greater or lower than the HH’s labour capacity, that is, whether there was a surplus of or a deficit 

in family labour capacity. In the case of the latter, the HH had to hire external labour. If there was a surplus, we 

estimated what part of that surplus would be effectively transformed into wage labour according to the family’s need 

for a cash income. To that end, we estimated the income from the surplus of agricultural products and deducted the 

expenses resulting from purchases of products (including food intake, fuel, animal feed or fertilizer). We also included 
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housing rent, clothing and other HH expenses. If the cash balance was negative, a part of the extra labour force needed 

would have had to be hired in the market. Only the wages necessary to close cash deficits in basic subsistence have 

been considered, a conservative assumption that does not include coverage of other needs or the effects of 

unemployment. In so doing, we are linking five consecutive balances: (i) human consumption, (ii), livestock feed, (iii) 

soil nutrients, (iv) labour and (v) money. This does not mean that all balances could always be closed. Although the 

household types that we are examining here do not reflect these situations, there might be two sorts of barrier. First, 

the availability of labour for sale in the market could not be enough to earn enough money to buy the products needed 

to achieve the HH’s reproduction (e.g. food, housing, manure). Second, the ability to transform available labour into 

hired labour depended on unemployment rates and seasonality. In neither case can we determine which balances would 

not be finally closed. These questions should be addressed in further research. 

Hence, we consider that exchanges among HHs with different imbalances (surplus of labour or surplus of 

agricultural product) were conducted through markets, which operated as key elements in redistributing the necessary 

production and labour flows for the sociometabolic reproduction of funds. Using the data obtained through historical 

sources, this multi-budget methodology allows us to understand the different roles of use value and exchange value 

flows within each HH, along with their ability or inability to obtain the monetary flows they needed to close their 

annual reproduction. Applied to a larger number of farm units, it would be worth assessing whether, as proposed by 

Amit Bhaduri (1983), there existed a polarization among the different farming HHs in their degree of insertion into 

the market. In any case, we would expect medium-size farms to be able to focus more on the production of use value, 

while the smallest and largest farms were more deeply involved in exchange value—either voluntarily (the richer 

ones) or forcibly (the poorer ones).  

In order to analyze land and labour productivity indicators, we have to convert the energy content of Final 

Produce through some homogenization procedure. However, in doing so we seek to avoid conflating the different 

energy qualities carried by food and fuel with meaningless numbers (Giampietro et al. 2013). To this end, we have 

created a basic consumption basket which includes the average annual consumption of food and fuel for the selected 

household model. Then we estimate its energy content (15 GJ for food and 42 GJ for fuel) and its cash cost (400 

pesetas for food and 96 pesetas for fuel). As can be seen, one food GJ (26 pesetas) was much more expensive than a 

fuel GJ (2.3 pesetas). Weighted by their proportions, we arrive at a price for the whole basic consumption basket (9 

pesetas·GJ-1). This common ratio will be used to convert the heterogeneous composition of Final Produce into a 

homogeneous one, which consists of the same proportion of food and fuel energy that we found in the historical 

sources on family consumption baskets. This allows us to compare the Final Produce of different HHs in terms of their 
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Equivalent Consumption Baskets (ECB) calculated in energy units. This procedure facilitates the comparison between 

hired labour productivity and the labour productivity of autonomous labour by converting the money earnt through 

wage labour into the same energy ECB ratios as those that can be calculated for a family farm.  

We use different energy productivity indicators, depending on the inputs and outputs analyzed. Although the 

productivities are all measured in energy terms (mainly GJ of ECB, or GJECB; we will not indicate this on every 

occasion in order to avoid repetition). First, we analyze the productivities with respect to the Final Produce in the 

Equivalent Consumption Baskets (FPECB). Final Produce comprises all biomass products from the regional 

agroecosystem that were used by the local community or sold to markets, including crops and firewood derived from 

the land (land final product) and livestock products (livestock final product). We relate it to two major inputs, land 

(measured in hectares of farmland) and labour (measured in agricultural working days) to provide us with the average 

Final Productivity of Land (FPLan) and the Final Productivity of Labour (FPLab). Secondly, we calculate an indicator 

to assess the whole labour effort required to maintain the productive capacity of the agroecosystem, which would 

include not only the agricultural tasks needed to maintain soil fertility and livestock, but also the labour needed to 

reproduce the human workforce within HHs. In this case, we maintain FPECB as the output and include both agricultural 

as well as Domestic and Family Work (DFW) as inputs to produce what we call the Total Productivity of Labour 

(TPLab).  

Case study and household selection 

Given the complexity of the methodology just presented, in this initial attempt we propose to apply it first to five 

representative households of a local case study located in the province of Barcelona (Sentmenat municipality, Vallès 

County, Catalonia, c.1850). Thanks to the availability of historical sources and cadastral maps, and to the long-term 

historical research conducted on these four municipalities of the Vallès County (Serra 1988; Cussó et al. 2006a and 

2006b; Garrabou et al. 2001, 2010, 2012; Olarieta et al. 2011; Tello et al., 2016; Marull et al. 2010, Galán et al. 2016), 

our research project has been using them as a test case in developing and applying a sociometabolic analysis of farm 

systems before and after the Green Revolution. The Vallès is a small plain between the littoral and pre-littoral 

mountain ranges of Catalonia, and the municipalities in the study area are located 30-40 km away from Barcelona 

city, but within its metropolitan region. This is a transect area going from the hilltops in the pre-littoral mountains to 

the centre of the plain that includes different types of soils and slopes, with typical Mediterranean rainfall ranging 

from 600 mm in the plain up to 800 mm a year in the hills. Previous research has analyzed land-use (Olarieta et al. 

2011) and calculated energy balances (Marco et al. 2018; Padró et al. 2017; Galán et al. 2016; Tello et al. 2016) and 
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nutrient balances (Tello et al. 2012, 2013). In the present article we apply our proposed methodology to just one of 

these municipalities (Sentmenat).  

On the basis of the sources detailed in the methodological annex (the Cadastre of 1841, the Municipal Census 

of 1855, and the Amillaramiento of 1850, a list of plots and their ownership), we have resampled the size and 

composition of the funds (farmland and livestock) owned by 193 agricultural HHs, which means 86% of those listed 

as farm labourers in the Municipal Census of 1857. To those numbers we added 51 registered agricultural HHs with 

no access to land or livestock. Our sample therefore comprises 244 HHs covering 63% of the total area, as it excludes 

land in this municipality owned by residents of other municipalities (more is detailed in the annex). Although we will 

generally refer to the year 1850, given that the main historical sources used to account for landownership and land 

uses are closest to this date, other historical records provide us with other types of data for later dates ranging from 

1850 to 1870. This is especially relevant for cash flows, as most of the sources referring to them date from 1870. 

Despite this, only deep changes in relative prices, which did not take place throughout that period in this area, would 

strongly affect our results, especially those between the wages and prices of agricultural products. Indeed, the prices 

and wages used are coherent throughout the sample, as they all refer to the mid-1870s. In doing so, we are assuming 

that landownership distribution and farmland uses had a high inertia after the main Spanish agrarian liberal reforms 

(1836-1845), with only small and slow changes from the 1850s to the 1870s. This also means that the results refer to 

this whole period. However, they are aimed at revealing the basic structural functioning of this epoch, rather than at 

addressing short-term historical changes. The following quantitative estimates need to be understood as an initial test 

of the application of the multi-budget methodology, and not only as an exercise in local history. 

To establish the different subgroups in the sample, we start within the limits related to area and land use that 

are necessary for the annual reproduction of this agroecosystem, defined by Padró et al. (2019). By means of an agro-

ecological and socioeconomic linear programming model, the present work simulates the dynamics established 

between the household composition of fund elements (needs/capabilities) and the biophysical conditions. Through 

technical coefficients and consumption standards, we have established that the average household c.1850 in this case 

study (five people; two dependent persons) needed 4.36 hectares of total surface (including crops, grassland and forest) 

to cover the family’s basic needs, replenish soil fertility and provide enough animal feed. From this reference to a 

reproducible farmland area, we have categorised HHs into a five-part typology: (i) those without land (21% of the 

total); (ii) those with up to 2.18 ha (26%); (iii) those between 2.18 and 4.36 ha (23%); (iv) those between 4.36 and 

8.72 (18 %); and (v) those with more than 8.72 ha (12 %). The choice of these five types of household will be used as 

a test for the application of the multi-budget accounting methodology. We aim to find different types of pattern in 
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terms of labour/land ratios, and their consequences in terms of the exploitative relationships thereby established. The 

limits of these initial empirical results imply that more research is needed using this method.  

 Given that HH size and composition affected many of the main flows analyzed (domestic care and family 

work, availability of labour, food consumption and clothing expenses), we isolated the effect by standardizing the 

different HH models so as to be able to focus our analysis on the impact of inequality in terms of access to farmland. 

To that end, we defined a representative HH model and selected actual HHs with those characteristics for each group 

(see the annex). All the chosen HHs (Figure 2) had four members—a bit less than the average—, with two of them 

active and two dependents, except HH5 because in this subgroup there was no HH with those characteristics. For this 

category we selected the HH with the most similar size and dependency ratio. The existence of two very different HH 

sizes was another consequence of the unequal social polarization between the wealthy farms and the rest. The former 

lodged servants hired as farmhands by the year and were also interested in retaining some family members labouring 

on the farm (e.g. singles and widowers who were not heirs) to avoid hiring journeymen and journeywomen. The latter 

ones, conversely, could not afford to house more relatives, nor even some of their young sons and daughters, who 

became the formers’ servants. The different HHs owned respectively 0, 1.5, 3.2, 7.9 and 34.2 hectares of farmland 

(Figure 2). Vine cultivation prevailed in HH2 and HH3, while the share of rain-fed and/or irrigated cereals and 

woodland increased in the larger HHs. In a similar way, livestock density increased with the size of the land possessed: 

0.09, 0.09, 0.17, 1.34 and 5.54 Livestock Units of a standardized live weight of 500 kg (LU500) respectively.  

 
Figure 2. Features of funds of the selected Households 

 
             Source: Our own, from the sources mentioned in the text. 
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RESULTS 

 

Total Produce and factor productivity (labour and land) 

From the results obtained, we observe how the Total Produce (TP) of energy increased with the size of the farm, from 

61 GJ for HH2 up to 1,710 GJ for HH5. In relative terms, Final Productivity of Land (FPLan) (Figure 3) is one of the 

indicators with the greatest stability, ranging between 19 and 25 GJECB of FP in ECB terms (FPECB) per hectare, 

irrespective of the size of the farm. Putting the data into context, these results corresponded to 33% and 45% of an 

Equivalent Consumption Basket (ECB) respectively. Final Productivity of Labour (FPLab) varied between 0.31 and 

0.40 GJECB per working day, which also showed a certain stability among the different farms. Therefore, we find no 

relevant differences among the farms in terms of land or labour productivity. Unfortunately, the available sources do 

not allow inclusion of the effect of the likely existence of more extensive agricultural practices (and labour time-

saving) on the larger farms, which means that our results can only take into consideration the different composition 

of land uses among the HH types compared, as well as the effects of hoarding cropland of best quality or irrigated 

lands by the richer HHs.  

Given both factor productivities, we observe that, in order to obtain one ECB of final consumption, between 

2.3 and 3.03 hectares were required, as well as between 144 and 185 agricultural working days a year. These results 

suggest that the limiting factor was land availability, as 50% of the farms in our sample were below this threshold, 

while a single agricultural active worker was enough to meet the corresponding labour requirements. We must note 

here that these results only refer to this HH model and cannot be extrapolated to the whole sample.   

Figure 3. Final Labour and Land Productivity in terms of FPECB 

 
Source: Our own, from the sources mentioned in the text. Note: HH1 is not included in this figure, as it did not own land. 
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We notice a rise in the Total Productivity of Labour (TPLab) as the farm size increased (Figure 3). The reason 

for this growth trend is that the DFW of the smaller farms (HH1 and HH2) was useful not just to reproduce the labour 

force required to cultivate their own land, but also to sustain the share of family labour that would eventually be sold 

in the labour market for use on the larger farms. This increase in total energy productivity regarding farm size reveals 

that agricultural labour hired by the larger farms embodied ‘invisible working days’ carried out by women in the HHs 

of hired farmhands. We estimated an average of 46 annual working days of DFW per person, meaning that each hired 

working day had 0.16 DFW embodied working days if we consider the hired worker as an isolated element. 

Calculating the full ‘life-cycle’ of the labour force means recognizing that workers’ reproduction depended on the 

existence and reproduction of those women performing DFW, who also took care of the sustenance of dependent HH 

members, thus ensuring intergenerational reproduction. Then each hired working day would have had a total of 0.66 

DFW working days incorporated. When DFW is included in the analysis, and assuming that one agricultural working 

day required 0.66 DFW working days for its reproduction, we observe how the average required working days per 

ECB increased. Now, to obtain one ECB, between 164 and 468 working days were needed, with an average 

productivity of 0.22 GJ per working day. When hired labour was contracted, Total Labour Productivity would be 

increased through the appropriation of external DFW that remained unpaid. These results show that gender inequality 

based on the sexual division of labour was not just a remote source of other types of inequality and exploitation among 

human beings: the daily functioning and social reproduction of this agrarian class structure continued to be based on 

the invisible and unpaid labour of women.   
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Figure 4. Multidimensional balance of the HHs according to their access to funds 
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Our proposed methodology allows to estimate how many working days should be offered or hired in the market 

to even out the three balances (i.e. when a surplus of labour capacity was combined with cash needs to close the 

corresponding flows in some HHs, and in other HHs with a lack of internal labour force combined with sufficient cash 

capacities to hire the former in the labour market). Thus, HH1, without access to the two fund elements (land and 

livestock) and only endowed with the third one (labour), needed to sell 224 working days per year to be able to access 
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basic subsistence needs (12 GJ of food products and 37 GJ of fuel, representing an annual expense of 397 pesetas), as 

well as to cover other monetary needs (85 pesetas for housing rent and 85 for footwear and clothing) (Figure 4). This 

was the representation of a ‘proletarian’ HH. HH2 needed to sell only 171 working days thanks to the income obtained 

through the sale of wine (114 pesetas) and other products, and thanks to a certain production capacity for self-

consumption that reduced its purchase needs (10 GJ of food products, 36 GJ of fuel and 12 GJ to feed the animals). 

This was the case for a ‘semi-proletarian’ HH. In the case of farms with access to land, expenses increased (taxes, tool 

expenses and those derived from hiring draught power). HH3 represents a peasant typology with a certain degree of 

self-sufficiency. Its needs for external labour were very low (18 working days), although it needed to go to market to 

exchange wine and fuel surpluses for food products, fuel and draught power.  

HH4 and HH5 had a large labour force deficit, this being the reason why they hired 239 and 1,603 working 

days a year respectively (46% and 75% of their total required agricultural labour). Wages became a fundamental cost 

for them (62% and 56% of the gross income for HH4 and HH5, respectively). Despite that, both HHs acquired net 

profits of 55 and 1,726 pesetas respectively, surpluses that entailed the equivalent of 11% and 347% of a basic 

consumption basket (ECB). 

On the basis of these examples, we can establish dependency rates beween those farms that needed to hire 

labour in the market and those that needed to sell it. For instance, the dependency ratio between HH5 and HH1 was 

1:7, and between HH4 and HH1 1:1. Thus, every HH with the same characteristics as HH5 needed 7 HHs similar to 

those of HH1 to be able to cover their external labour needs.  

 

Markets as converters of energy labour surpluses 

Our results confirm that an important part of the agricultural production had to be redistributed through the labour and 

commodity markets, where labour had to be exchanged for staple products (for HH1 and HH2), or in reverse (HH4 

and HH5), in order to be able to close their sociometabolic balances. The results also confirm the polarization pattern 

proposed by Bhaduri (1983) through the assessment of the share of agricultural product used for self-consumption 

and the share diverted to markets. HH3, which is representative of a medium-size farmstead, presented the highest 

percentage of Final Produce devoted to self-consumption (38%). HH2 (24%), HH3 (30%) and HH5 (14%) devoted 

smaller parts, although HH4 and HH5 had the highest self-sufficiency ratios (respectively 66-77% and 90-100% for 

food and fuel).  

To estimate the energy productivity of wage labour, we have first to define what the products and inputs were 

and how we should measure them. Our multi-budget method includes the endosomatic (food intake) and exosomatic 
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(fuel) consumption needs of each HH, and accounts for a consumption basket composed of both. A key element in 

this reproductive calculation is the transformation of cash flows into energy flows and vice versa. The conversion 

factor for food products was 26 pesetas·GJ-1, and for fuel 2.3 pesetas·GJ-1. The whole consumption basket comprised 

57.5 GJECB and cost 498 pesetas, with an interchange coefficient of 0.115 GJECB·peseta-1. Thus, as shown in Figure 5, 

for every wage earned during a working day, the acquisition capacity was equivalent to 0.29 GJECB. If we compare 

this figure with the energy productivity of labour in a property regime whose average value was 0.33 GJECB per 

working day, we conclude that market-hired working days obtained as energy content of the wage pay 88% of the 

labour earnings when performing the same labour in a in a land of its own. The difference between the two (12% of 

FPLab) would be the rent for land ownership. In the case of female wage labour, the surplus value would be much 

greater. Given the lower wage compensation (half of a male salary), female earnings would be reduced to 0.17 GJECB 

per working day, equating to 52% of the labour pay in a property regime and a corresponding extration ratio of 48%. 

These extraction ratios, which need to be understood as a first quantitative estimate, may be compared with the 

percentage of product that landowners retained in the land tenancy arrangements in this area and period, which was 

around 25% of the harvest. If we consider the distribution of the total product and the inclusion of female labour, the 

two percentages (12 and 25%, respectively) would be closer. In fact, both would depend on the difference between 

actual labour productivity and the reproduction cost of labour (i.e. the potential surplus).   

 

Figure 5. Effect on Hired Labour Productivity [GJECB·w.d.-1] (Sentmenat, 1850) 

  
Source: Our own, from the sources mentioned in the text.   

 

CONCLUDING REMARKS 

This article represents an initial exploration of the sociometabolic links between biophysical capabilities and limits 

with the kind of exploitative relationships that prevailed in traditional organic farming societies. Our starting point is 

the existence of a biophysical tension between the appropriation and consumption of energy and material flows taken 

from agroecosystems, and the labour required to do so. This sociometabolic tension set in motion a contingent 



 21 

tendency towards the establishment of exploitative relationships instituted throughout history. This would affect 

gender relationships, as well as those established among social classes. Although these relationships started off from 

situations of inequality regarding access to natural resources and were widely reproduced in space and time, they 

should be defined as relationships involving the exploitation of some human beings by others. Only in this way can 

we visualize the interdependence generated among social classes, given that the existence of privileged groups based 

on the concentration of land and livestock ownership would not have been possible without their domination of others 

who provided the required labour force to work for them. From the outset the most basic legitimation in the 

maintenance of this kind of exploitative relationship was rooted in the sexual division of labour. To this an unequal 

distribution of the ownership of the fund elements of the agroecosystems was added, structured and legitimized. Land 

and livestock hoarding by a few, and the dispossession of the rest, led to the creation of labour markets where a 

redistribution of income, production and consumption flows between workers and owners operated through price 

converters in a way that ensured the appropriation of surplus value by the latter. These different types of exploitation 

were articulated with one another, establishing social relationships that were parasitic of some human groups by others 

and that were rooted, in turn, in previous situations of competitive exclusion (González de Molina and Toledo 2014). 

We have ascertained how in the village of Sentmenat in the mid-19th century unequal access to the ownership 

of two basic fund elements of the agroecosystem established a clear distinction between self-employed and wage 

labour, and determined that wage incomes were 88 percent of self-employed labour product. This difference became 

a rent income for the landowner, swelling his capacity to accumulate surpluses. The inclusion of Domestic and Family 

Work (DFW) in the analysis brings to light its importance not just in the social organization of labour, but also for the 

maintenance of other hidden exploitative relationships that supported the hired agricultural labour. We have estimated 

that DFW represented about half the entirety of socially necessary human work time, clearly demonstrating its 

importance in any reproductive analysis of traditional organic farming societies. We have also seen how commodified 

labour-hiring processes implied an indirect appropriation of part of the DFW carried out within families. Although we 

do not yet have enough data to analyse the effects of the sexual division of labour on the quality of life of these women, 

and also taking into account the fact that our analysis still has many limitations in estimating the weight of female 

agricultural labour, the explicit omission of women as subjects from the ownership of the means of production 

becomes apparent, rescuing them from the oblivion (at least in historical sources) of their participation in the 

(re)productive processes of these communities. 

This study is a contribution to debates on the role of exploitative relationships within traditional organic 

farming societies and on the sociometabolic transition towards agrarian capitalism and industrial agriculture. The 
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tension these exploitative interrelations implied, not only in social terms but also in economic (given the weight of 

wage costs in the accounts of large farms) and socio-ecological terms (given the ‘agroecosystemic diseases’ stemming 

from the impossibility to balance all the budgets by the impoverished household units), created a conflictual scenario 

that could lead, among other outcomes, towards the mechanization of agricultural labour.  

The multi-budget sociometabolic analysis here applied to a small rural community of Catalonia in mid-19th 

century has brought to light the unequal exchanges through which time and space were appropriated by a ruling class 

and gender at the expense of the others. This becomes a revelant subject at present, when opening the ways towards 

more sustainable economies that are not based on unequal exchanges (social, sexual, ecological and territorial) means 

taking into account the implications of the internalization of costs in time and space (Guzmán and González de Molina 

2009), and the consequent impact on potential social conflicts. Exploring in depth the links between biophysical limits, 

social reproduction processes and the social organization of labour allows us to identify the potentially antagonisms 

that have to be tackled in any change towards fairer sustainable societies.  

 

Methodological Annex 

In this methodological annex we summarize the most relevant data and the main decisions taken in the accounting of 

the socio-metabolic balances presented in this article. Much of the basic information used in this case study is detailed 

in Padró et al. (2017) and Marco et al. (2018). In particular, the calculation of Biomass Reused (BR) flows, both for 

livestock feeding and soil nutrient replenishment, is specified in Marco et al. (2018). Here we focus on decisions and 

data that have not been thoroughly presented previously. First, we describe the main historical sources used. Second, 

we explain the decisions of what type of households (size and dependency ratio) we choose to analyze. Third, we 

present the assumptions made regarding the reproduction of households and the consumption of food and fuel. Fourth, 

we show the labour ratios applied for Domestic and Family Work (DFW), and agricultural and livestock labour, as 

well as the draught power requirements per crop. Finally, we include a summary of the prices of the products used.. 

HISTORICAL SOURCES 

Funds estimation: Household, farmland and livestock 

Information on the number of households (HH) and their features (size, gender, age) is available in the municipal 

population censuses available for 1855 and 1857, which also indicate the occupation of household heads as well as of 
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other members. Both register 333 families, and a population of around 1,700 people. Of these families, 73% can be 

considered agricultural, since this was the profession associated with the head of the household. 

Information on the farmland area and livestock of each household comes from the Cadastre of 1841, the 

Cadastral Map of 1853 (Moreno Ramírez 1856), and the land tax registry called Amillaramiento of 1850 which was a 

municipal record of all the plots, their land use and ownership. To account for the extent of farmland we mainly used 

the Amillaramiento (1850), resorting to the Cadastral map (1853) for those HHs that did not appear in Amillaramiento 

(11 cases). In order to account for the livestock of each HH, we completed the information of Amillaramiento with 

the livestock registered in the Cadastre of 1841. This was due to the apparent underestimation of livestock densities 

in Amillaramiento of 1850, where only 2 mules, 22 head of cattle, 210 swines, 75 sheeps and 20 goats were recorded 

(i.e. 55.8 LU500 in total). The Cadastre of 1842 counted instead 138 mules, 36 head of cattle, 286 swines, 557 sheeps 

and 135 goats (203.3 LU500 in total). It is apparent that these the differences cannot respond to a decrease in livestock 

density in just nine years. We cross-checked these three historical sources (Amillaramiento [1850], Cadastral map 

[1853] and Cadastre [1841]) using the name and surname of the owner, and sometimes also the name of the farm. 

HOUSEHOLD SELECTION 

Our analysis is based on a selection of one HH for each of the five typological subgroups established according 

to the size of the farms: (i) the ones that had no land (21% of the total); (ii) the ones that had up to 2.18 ha (26 %); 

(iii) between 2.18 and 4.36 ha (23%); (iv) between 4.36 and 8.72 (18%) and (v) more than 8.72 ha (12%). Although 

we maintain access to land as a constant, there appear significant variations throughout the family life cycle. We see 

that among farms with similar access to land, both HH size and dependency ratio affected time, material and cash 

flows. Therefore, we calcualted dependency ratios relating the number of children (0-14 years old) to the working-

age population as a percentage (𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 0 ― 14 years old population
total population

 *100). They are indicated in the tables 

as ‘(Dependents:Total)’ –e.g. ‘(5:2)’—, and used to isolate the effect of HH size from each dependency ratio when 

we analyse the effect of HH size variation on the land uses of each farm. 

To choose the HH model that will be the basis to compare, we firstly analysed the general characteristics of all 

the HHs in the sample. The average sample size was 5 people per HH and 2 dependent (2:5), which means a 

dependency ratio of 40%. However, the highest frequency was 3 and 4 members, and the dependency ratio between 

0-10 % and 50-60%. Indeed, these variations could mean either a different stage of the life cycle of the same model 

of HH, or different HH models (mainly according to the number of children and the coexistence or not of different 

generations). Among the 4-member HHs, those with two dependents predominated (48%), although there was an 
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important presence of models that included one of the two grandparents (4:1) or families in which two generations 

lived (4:0). We therefore decided to work on the basis of simple HHs, and amongst them, we consider that the (4:2) 

structure is more balanced with respect to the sample, since they represent a subsequent stage to the growing HHs 

represented by the (3:1), and prior to stages (4:1), (4:0) (4-member families), or (5:3), (5:2), (5:1) (5-member families). 

The selected HHs model respond to the one defined before, except for HH5. In this fifth section with more than 8.72 

ha there is no HH with these characteristics. Thus, the most similar one has been selected (7:3). 

HOUSEHOLD REPRODUCTION: FOOD AND FUEL CONSUMPTION 

Food consumption 

Human diets have been considered according to the available historical sources at the local and national level (Table 

A). From these sources we estimated a basket of average daily food consumption for an adult male between 18 and 

30 years, with intense physical activity (Table B). The diet means a caloric intake of 2,797 kcal per day, a similar 

value to that proposed by Cussó and Garrabou (2007) and by Cussó and Garrabou (2012) for similar regions. 

Table B. Estimation of a daily food basket for an adult-male (18-30) with intense physical activity 
 
 

Food per person and day 

 
Weight 

(kg f.m.) 

 
Metabolizable 

Energy 
(kcal/kg) 

 
Ditto ME 

total 
(kcal) 

 
Water 
content 

(%) 

 
Weight 

(kg 
d.m.) 

Gross 
Calorific 
Values 

(MJ/kg) 

Ditto 
GCV 
total 
(MJ) 

Ditto 
(MJ/ 

person 
a day) 

Bread 0.700 2,630 1,841 30 0.489 17.05 8.30 3,042 
Olive oil 0.018 8,990 165 0 0.018 39.70 0.70 266 
Wine 0.132 610 81 83 0.022 17.20 0.40 140 
Legumes 0.035 509 18 15 0.029 18.00 0.50 193 
Potatoes 0.460 710 327 78 0.101 16.80 1.70 621 
Vegetables 0.250 256 64 91 0.023 18.90 0.40 162 
Fresh fruits 0.040 447 18 85 0.006 20.10 0.10 45 
Nuts 0.020 6,243 125 4 0.019 25.00 0.50 175 
Fish 0.007 1,150 8 80 0.001 22.28 0.03 11 
Meat, bacon & sausage 0.050 3,032 152 50 0.025 22.00 0.60 201 
TOTAL 1.710  2,797  0.740  13.30 4,854 

Source: Our own, sources are detailed in Marco et al. (2018).   
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 25 

From this reference diet, and from the ratios extracted from the caloric intake proposed by FAO (2001) (Table 

C), we have adapted the diet for each of the subgroups (sex-age). 

Table C. Estimation from FAO of the energy intake requirement depending on the sex-age  
 Energy Requirements (kcal/day) FAO Male-adult comparison of Energy Requirement 

sex Women Men Women Men 
activity 

age 
moderate intense moderate intense moderate intense moderate intense 

00-05 
05-10 
10-15 
15-18 
18-30 
30-60 
≥ 60 

1,412 
1,818 
2,090 
2,135 

1,534 
2,050 
2,456 
2,835 

0.41 
0.53 
0.60 
0.62 

0.44 
0.59 
0.71 
0.82 

2,529 2,744 3,174 3,460 0.73 0.79 0.92 1.00 
2,410 2,601 3,031 3,293 0.70 0.75 0.88 0.95 

2,171 2,458 0.63 0.71 
Source: Our own, from the sources mentioned in the text.   

 

Fuel consumption 

According to a Medical Topography of the village of Sentmenat, ‘private rooms are mostly heated by the traditional 

Catalan fireplace, fed by firewood of all kinds; the least by braziers, with charcoal of oak or pine’ (Pujadas-Serratosa 

1889, 55). To estimate the amount of consumed fuel, we have reviewed both historical and contemporary sources. A 

reference of 1885 quoted by Colomé (1996) refers to a daily consumption of 4 pounds of charcoal per household for 

cooking and heating in Vilanova i la Geltrú (Catalonia), a town with similar climatic conditions. According to the 

conversion factors proposed by FAO (1983), this means a daily per capita consumption of 0.32 kg of charcoal, 3.2 kg 

of firewood (fresh matter [f.m.]), or 2.24 kg of firewood (dry matter [d.m.]). In countries where charcoal and firewood 

are still used as the main sources of energy research has found out lower fuel consumption for cooking and heating. 

Bhatt and Sachan (2004) estimate an average daily firewood consumption of 1.07 kg [f.m.] per capita (for the lowest 

altitudes) and 2.8 kg [f.m.] (for the highest altitudes) in Garhwal (Himalaya). Reddy (1981) and Wijesinghe (1984) 

estimate it around 2 kg [f.m.] per capita in South India and Sri Lanka. 

Bhatt and Sachan (2004) also consider a seasonal variation of fuel consumption, so that consumption would 

double approximately during the winter. This coincides with a 1885 reference in a vine-growing village of Catalonia 

according to which half of domesitc consumption was related to cooking (1.12 kg [d.m.]) and the other half for heating 

needs during winter, which made Colomé (1996) to assume that fuel expenditure was lower than the average for at 

least seven months a year. Giampietro and Pimentel (1990) proposed a ratio of 1:2 between the metabolic energy of a 

daily food intake and the energy required to cook it, a proportion that applied to our case study would increase daily 

consumption per capita up to 1.23 kg [d.m.]. All of the above allowed us to assume a daily consumption of firewood 

per inhabitant of 2.24 kg [d.m.] for 5 months, and 1.12 kg [m.s.] during the rest of the year (which leads to an average 

daily consumption of 1.56 kg [d.m] or 2.35 kg [f.m.]). We imposed a restriction on the consumption of vineyard by-



 26 

products (strain replacement and prunning) as a source of fuel, which in our budgets can represent a maximum of 10% 

of total fuel consumption [f.m.]. 

LABOUR: AVAILABILITY AND REQUIREMENTS 

Availability of human labour 

To calculate the number of yearly working days, we start with an annual potential availability of 280 working 

days per capita. According to Garrabou et al. (2014), the number of working days per annum in La Segarra County, 

in inner Catalonia, would be around 291 in 1886-1890. García-Zúñiga (2011) proposes 281 for the middle of the 19th 

century, and Jover and Pons (2013) estimated 280 working days in Mallorca. We established the agricultural working 

population considering people over 14 years old. Despite of this, there is evidence that children below the age of 14 

also formed part of the workforce, working mainly as shepherds or swine keepers. We do not include as ‘dependents’ 

the population of elderly people, since historical sources show how this people continued to work until a strong 

physical impediment occurred. We introduced coefficients that reduce the working capacity (w.c.) of people of some 

ages: 14-18 (80% of w.c.), 60-70 (60%) and 70-80 (40%). 

Domestic, care and family work 

In order to estimate the amount of working days needed to carry out domestic and family work, we based upon the 

data collected by Wall (1994), on the basis of the European studies of Frédéric Le Play (1877-79). Le Play data shows 

a great similarity between the annual working days of men (320) and women (317) both outdoor and indoor of the 

household. On average, women would spend 120 days of domestic work and 80 days for the family economy, the rest 

being external labour. In order to contrast these data, and since we do not have more historical sources that quantified 

domestic and care work, we compared the data of Le Play with some contemporary studies in rural settings (Pastore 

et al. 1999; Gomiero and Giampietro 2001; Grünbühel and Schandl 2005; Fischer-Kowalski et al. 2010). Given that 

these studies are not homogeneous in terms of naming and grouping domestic, care and family work, we tried to 

homogenize and compare the available data (Table D). 

Table D. Compilation of data on the quantification of domestic and family work in traditional 
agriculture 

Female labour 
Researches 
consulted 

Domestic Familiar External Total 
hours/day hours/year hours/day hours/year hours/day hours/year hours/day hours/year 

Le Play (1877) in Wall (1994) 2.9 1,060 1.6 590 1.8    672 6.8 2,490 
Pastore et al. (1999) 2.6    967  n.a.  n.a.  n.a.  n.a. 2.6    967 
Gomiero and Giampietro (2001) 6.3 2,286 n.a n.a n.a n.a 6.3 2,286 
Grünhubel and Schandl (2005) 2.7    986 2.5 913 3.9 1,424 9.1 3,322 
Fischer-Kowalski et al. (2010) 7.6 2,774 1.2 420 1.2    420 9.9 3,614 
Source: Our own.   
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From the results shown in Table D, we conclude that the Le Play data (1877-79) collected by Wall (1994) 

match with contemporary studies in traditional agricultural societies. Therefore, based on the information of Wall 

(1994, 194), we estimate the weight of Domestic and Family work (DFW) by the number of children in the household: 

132 fixed-work days, with an increase of 26 annual working days for every son or daughter. 

Agricultural labour and work requirements 

Human labour and animal work requirements for the different land and livestock uses have been obtained from an 

Agricultural Study of the Vallès County written in 1874 (EAV from now on; Garrabou and Planas 1998[1874]), and 

from IACSI (1879). Given the strong seasonality, it is necessary that monthly labour requirements be taken into 

account to accurately capture the surpluses and deficits of workforce. Table E and F show human labour required for 

each type of crop and livestock, including wages for livestock management since they are lower than the average 

agricultural wage (2.5 pesetas). Table G presents the data for draught power required by type of crop. 

Table E. Total and monthly labour requirements per land use and small livestock unit  
 

crops 
Cropland 

working days per hectare 
1 2 3 4 5 6 7 8 9 10 11 12 Total 

Vegetable garden   6 6   9 14 15 15 19 19 17 10   7   6 142 
Fresh fruits   0 3   0   0   0   2   2   5   5   0   0   0 18 
Nuts   0 3   0   0   0   2   2   5   5   0   0   0 18 
 
irrigated 

Wheat   0 5   9   2   0   5 14   4   2   5   3   0 49 
Corn   0 4   7   1   9   7   0   4   2   8   0   9 52 
Hemp 18 0 26   5   3   3   3   3 14 14 40 63 194 
Beans   9 9   0   9   0 11   5   0 13   0   8   2 65 

 
rainfed 
rotations 
according 
to soil 
quality 

 
1st 

Wheat   0 5   9   2   0   5 14   4   2   5   3   0 49 
Beans   9 9   0   9   0 11   5   0 13   0   8   2 65 
Potatoes   0 0 15   0   6   6   0   0 36 11   5   0 79 

 
2nd 

Fodder   5 5   6   0   9   4   7   6   4   4   0   0 50 
Wheat   0 5   9   2   0   5 14   4   2   5   3   0 49 
Potatoes   0 0 15   0   6   6   0   0 36 11   5   0 79 

3rd  Vetches   9 9   0   9   0 11   5   0 13   0   8   2 65 
Rye & wheat    0 6   0   4   0   4 10   3   3   5   4   0 48 

Vineyard   0 0   7 18   6   7   1   0   2 16   1   0 59 
associated 
olive 
groves 
rotations 
according 
to soil 
quality 

Olive groves    7 0 15 15 12   5   0   0   0   0   0 27 81 
1st Wheat    0 5   9   2   0   5 14   4   2   5   3   0 49 

Potatoes   0 0 15   0   6   6   0   0 36 11   5   0 79 
2nd Corn   0 4   7   1   9   7   0   4   2   8   0   9 52 

Rye & wheat    0 6   0   4   0   4 10   3   3   5   4   0 48 
3rd  Barley   0 2   4   2   0   5 14 15   3   3   0   0 48 

Lupins   9 9   0   9   0 11   5   0 13   0   8   2 65 
                                                                                            Woodland 

Woodland   0 0   0   0   0   0   0   0   0 3.6 3.6 3.6 11 
                                                                                         Swine, poultry, rabbits  

Swine   2 2   2   2   2   2   2   2   2   2   2   2 25 
Poultry and rabbits 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.013 
Source: Our own, from the sources mentioned in the text. 
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Table F. Annual labour requirements per livestock types 
type  

of livestock 
animal feeding and care manure management 

working days (w.d.) pts/w.d. working days (w.d.) pts/w.d. 
Flock of sheep (90 units) 365 1.3 22 2.3 
Herd of goats (30 units)  365 1.8   6 2.3 
Horses 190 0.3   7 2.3 
Mules 173 0.3   7 2.3 
Bovine -- 0.3   7 2.3 

Source: Our own, from the sources mentioned in the text.   
 

                    Table G. Draught power requirements per crop 
 

Crops  
Animal working days/ha 

1st quality soil 2nd quality soil 3rd quality soil 
 

irrigated 
Wheat 21 20 20 
Corn   7   6    5 
Hemp 15 15 15 
Beans   9   8   8 

 
 
 

rainfed 

Wheat 22 21 -- 
Beans   7 -- -- 
Potatoes   5  5 -- 
Fodder --  3 -- 
Vetches -- -- 12 
Rye & wheat mixture -- -- 17 

Vineyards   3   3   2 
Olive 
groves 

associated 
with 

annual 
crops 

Olive groves 11 11 11 
Wheat 13 -- -- 
Potatoes   5 -- -- 
Corn -- 15 -- 
Rye & wheat mixture -- 17 -- 
Barley -- -- 15 
Lupins -- -- 12 

Source: Our own, from the sources mentioned in the text.   
 

CASH BALANCE 

Paid labour and estimates of daily wages 

From the comparison between the monthly agricultural labour required in the family farm and the availability of 

agricultural family workforce (after deducting DFW), we estimate a monthly agricultural surplus or deficit. In the 

event of work deficit, we estimate the number of annual working days needed to be hired. Its cash cost is calculated 

through a daily wage of 2.5 pesetas from the EAV (Garrabou and Planas 1998[1874]). In the case of agricultural 

labour surplus, a more complex process is carried out to determine which was the need for an additional income. First, 

we estimated the HH cash balance after obtaining the income from the sale of agricultural products, and deducting the 

biomass expenses (food, fuel, feed and fertilizing biomass). To this, we added: (i) the HHs clothing and footwear 

expenses, for which Colomé (1996) proposes an average expenditure of 0.32 pesetas for people between 0-4 years, of 

0.52 for 5-9 years, of 0.82 for 10-14 years, of 1 between 15 and 59 years and 0.80 in the Catalan Penedès County of 

that time; as well as the house rent, which has been set on 85 pesetas at that time in Catalonia by Vicedo et al. (2002); 

and (ii) other external acquisitions such as farm implements, for which we applied the average cost of amortization of 

the farm tools in a Catalan village of the Penedès County, estimated at 2.04 pesetas/ha at that time by a study quoted 
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in Colomé (1996). We also estimated tax payments from the direct data appearing in the Amillaramiento (1850). Only 

if the cash income was not enough to cover all the expenses, part of the labour surplus should be hired in the market. 

We assumed that the labour offered in the market was the minimum required to fill de money gap. Thus, we do not 

consider that there would be savings or the need for additional cash expenses as debts or social expenses (i.e. marriages 

or funerals). 

In order to estimate how many day wages were needed to cover the money gap, we need to take into account 

that male and female wages were different (2.5 and 1.25 pesetas respectively). We assumed that women wages were 

required only when male wages were not enough to cover the money gap. This is a risky assumption, since the choice 

of selling labour surplus depended not only on the potential income (for which the family would seek to maximize 

income from the higher wage), but also on the type of work performed, the incentives of those who contracted it (who 

would seek to minimize wage expenditure, given equal productivity of women and men) and the recruitment 

opportunities, given the seasonality of agricultural work, among others factors. On the other hand, some researchers 

suggests ‘that married women with children were not thought (…) to be in a position to undertake regular wage labor’ 

(Humphries 1990, 37). This was compatible with the statement that ‘before mechanization, at haymaking and harvest 

the farmers’ requirements could not be met from the local pool of day labor, and the wives and children of the laborers 

constituted an essential labor reserve’ (Humphries 1990, 29). In spite of this, for the moment we maintain the 

assumption that male labour surplus was prioritized, as any other criterion would be equally random. This would be 

better assessed at municipal level including seasonal wage labour demand and supply. As a result, this assumption 

implies that the number of hired working days estimated is the minimum one. 

Other external Inputs 

In case that it became necessary to obtain food for animals, we assume that pastureland was rented. When fertilizing 

biomass was not enough to close the nutrients cycle, we assume they bought biomass to bury into the soil (mainly 

from woodland). 

Commodities and fuel prices 

Table H shows the prices applied for each of the products and the sources used. 
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Table H. Summary of the prices of the main products 
Product Price  

(pts/kg f.m.) 
Sources Comments 

Wheat 0.37 EAV 1874 & 1879 Sentmenat 
cadastre complaint 

0.30 pts/kg in 1874 & 0.32 in 1878 in a period of decreasing trend 
Corn 0.29 0.21 pts/kg in 1878 during a period of decreasing trend of prices 
Hemp 0.96 EAV 1874  
Barley 0.20 Sentmenat cadastre complaint 0.17 pts/kg according to EAV in 1874 
Rye & wheat 0.25 Sentmenat cadastre complaint 0.27 pts/kg according to EAV in 1874 
Fodder 0.08 EAV 1874  
Olive oil      1.24 (l) Sentmenat cadastre complaint 1.02 pts/litre according to EAV in 1874 
Wine      0.12 (l) Sentmenat cadastre complaint 0.13 pts/litre according to EAV in 1874 
Green beans 0.42 Sentmenat cadastre complaint 0.372 pts/kg irrigated and 0.335 rainfed according to EAV in 1874 
Vetches 0.15 EAV 1874  
Lupins 0.15 EAV 1874  
Potatoes 0.11 Sentmenat cadastre complaint Great variability and a decreasing trend also shown in EAV 1874 
Fish 0.89 PROYECTONISAL UAB http://www.proyectonisal.org/index.php/en/   
Meat 0.82 EAV 1874 2.5 for capons (3.5 kg), 2.25 for hens (2.5), 1.5 for chicken (1.5) 
Firewood 0.03 IACSI (1879) We took this since the price at EAV 1874 seemed too high 
Pasture 0.01 EAV 1874 8 pts/ha for grazing from 1 June to 31 December & 1,523 kg f.m. 

Source: Our own, from the EAV 1874 (facsimile reproduction in Planas and Garrabou 1998[1874]; IACSI (1879); and the 1879 
Sentmenat cadastre complaint (Treasury Records, Aragon Crown Archive, Barcelona).   
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