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Abstract:  

The COVID-19 pandemic forced many countries to put forth severe lockdown restrictions in order to stop the 

spread of the virus. Spain was one the most affected countries in Europe, and its non -essential socio-economic 

activities faced strict restrictions in the free movement of people. Within the Spanish territories the island of 

Menorca was more vulnerable to these movement restrictions, since it is mostly dependent on external resources 

and tourism in order to perform its socio-economic activities. Island territories like Menorca are already 

vulnerable to climate change threats such as sea-level rise and extreme weather patterns, but other non-climate 

stressors such as pandemics also threaten to render island territories under partial or total isolation. Learning 

how Menorca’s socio-economic activities operate resource-wise during these periods of isolation can help the 

island’s government to make decisions to improve their resource security and sustainability of the island. This 

work studies how the societal metabolism – i.e., the use of resources through the different levels and structures 

that conform the social system of the island – was like in Menorca under the lockdown restrictions during 2020 

using the Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism (MuSIASEM) approach 

for metabolic analysis; and assesses Menorca’s potential for self-sufficiency. The results of the metabolic 

analysis show that during 2020 Menorca had a lower energy and water demand as consequence of a great loss 

of activity in the economic sectors, in particular that of tourism. Lesser energy consumption has translated to 

lower carbon emissions, and the loss of activity of the economic sectors has meant that the total gross value 

added generated by the island has also been lower than what the island generates under regular circumstances. 

This metabolic analysis show how Menorca works under conditions of isolation, reorganizing it hours of activity 

and use of resources mainly from the touristic sector and giving more emphasis on internal agricultural 

production. Should Menorca in the future become partly or totally isolated due to other circumstances, an 

organized rearrangement of its metabolism away from a high dependency on tourism and imports and towards 

internal production would aid the island to be more self-sufficient.  
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1. Introduction  

The coronavirus disease 2019 (COVID-19) pandemic declared on the 11 th of March 2020 by the 

World Health Organization (WHO, 2020a) challenged the way in which societies function by forcing 

national and international governments and institutions to put in place emergency measures in aims 

to stop the spread of the virus. Following the response measures recommended by the World Health 

Organization (WHO, 2020b), control measures for social distancing and restrictions in movement 

and other non-essential activities were implemented to minimize the spread of the virus. Healthcare 

systems also implemented measures to strengthen, maintain and protect services to reduce mortality. 

These recommended measures had a great impact on societal activities, as the usual production of 

goods and resources was reduced due to difficulties to do work derived from the travel and movement 

restrictions. Many governments and institutions showed a lack of readiness and delayed responses in 

the decision-making and implementation of such emergency measures, as most public sectors did not 

have the tools, knowledge or experience to deal with the increasingly turbulent and unexpected events 

our societies are facing (Ansell, Sørensen and Torfing, 2021).  

Spain presented a delayed response during the first stages of the pandemic compared to its neighbor 

Italy, who was in a similar situation nearing March 2020, but had a swifter response to the crisis 

(Montesó-Curto et al., 2020). As the pandemic spread among the European countries, Spain became 

one of the most affected by the virus, and the government was forced to put highly restrictive 

measures to alleviate the situation (White et al., 2021). Such measures included limiting the free 

circulation of people to only essential activities (BOE, 2020a), facilitating the temporary suspension 

of worker contracts (SEPE, 2020a), and aiding the healthcare sector by facilitating the distribution 

of sanitary products (BOE, 2020b). These measures posed severe challenges to the way the Spanish 

society functioned during the lockdown period, especially due to the lack of knowledge and tools to 

assess and manage the pandemic spread from the government authorities (Montesó-Curto et al., 

2020). It is therefore important to study and understand how these restrictive conditions affected the 

functioning of society and its use of resources, as it will aid administrations to know what to expect 

and be better prepared in the event of similar future situations.  

Within the Spanish territories, the island of Menorca offers can be used as a sample to study how the 

effects of the pandemic lockdown have affected its use of resources. A particular combination of 

factors makes Menorca an interesting region of study. (1) The 2014 report of the Intergovernmental 

Panel on Climate Change (IPCC) warns about how vulnerable small islands are to climate stressors. 

One of the main risks is sea level rise, which threatens to slowly envelop the shores of small islands 

with increasingly higher tides, increasing coastal erosion and flood risk; and also threatens to 

contaminate groundwater resources through saltwater infiltration. Changing weather patterns due to 

increasing sea and air temperatures is another climate stressor that can have an effect on the 

autochthonous ecosystem services and the local population. The report also noted the impacts on the 

human systems that inhabit small islands. Since one of the main focuses of the socio-economic 

activities of small islands are touristic activities, the coastal areas increase in infrastructure, 

settlement, and population – thus increasing the impact of extreme tides and coastal flooding on the 

island’s population and infrastructure. (2) However, human systems are also a stressor themselves to 

the sustainability of small island territories. Without proper planning, the rapidly growing demand 

incurring from the increasing land use changes and urbanization contribute to a higher stress on the 

island’s freshwater and agricultural resources. Menorca receives over a million tourists throughout 

the year (IBESTAT, 2019), which increases the demand on water, energy and food, making resource 

management strategies more complex (IPCC, 2014; Sanyé-Mengual et al., 2014). (3) Menorca has 

since 1993 been designated as a biosphere reserve by the United Nations Educational, Scientific and 

Cultural Organization (UNESCO, 2018), protecting the island’s ecosystem from over-exploitation. 

Menorca’s status as a biosphere reserve combined with the growing demand due to tourism, makes 

Menorca’s use of its inland resources very limited, which has made the island heavily dependent on 

external resources (Marcos-Valls et al., 2020). To decrease this dependency on external resources, 

the IPCC report suggests strategies that involve a more efficient use of the resources of island 

territories (IPCC, 2014; Singh, Fischer-Kowalski and Chertow, 2020). (4) These factors increase 
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Menorca’s vulnerability to disruptions in the imports it depends on . During the lockdown the number 

of imports coming to the island has seen a considerable drop from 1.5 billion euros spent on imports 

in 2019 to 0.99 billion euros spent in 2020 (IBESTAT, 2020a). Furthermore, under the restrictions 

in free circulation of people established during the pandemic lockdown the productive capacity of 

the island’s socio-economic activities was further limited, as the inhabitants of Menorca had 

difficulty in getting to their jobs. However, not all were performing their jobs. Under one of the 

emergency states declared by the government due to the rapidly growing infection rate, all non -

essential socio-economic activities were halted. As a result, the number of workers in Menorca 

affiliated to the Spanish social security system was reduced from an average of 32.150 affiliated 

workers in 2019 to 29.341 in 2020 (IBESTAT, 2020b).  

In these restrictive conditions the study of the organization and resource usage of Menorca’s socio-

economic system in order to perpetuate itself - which can be referred to as “societal metabolism” 

(Giampietro, Mayumi and Şorman, 2011) - offers an interesting case to evaluate Menorca’s potential 

for self-sufficiency to lessen its dependency on external imports as well as assessing potential 

measures to improve the island’s sustainability. The case of Menorca can be seen as a sort of “living 

lab” in which to study how the challenges to  the socio-economical activities of a social system can 

be managed during this unique situation of isolation, and help to address the sustainability challenges 

derived from the pandemic lockdown (Evans et al., 2015; Purcell, Henriksen and Spengler, 2019).  

1.1. Previous studies 

This section serves as a short recollection of the state of research and knowledge on the relevant 

topics touched on this thesis. I touch upon previous research done on societal metabolism, societal 

metabolism applied to island territories and COVID-19 studies relating to the water, energy and food 

Nexus.  

1.1.1. Societal metabolism studies 

Studies about societal metabolism were inspired by Georgescu-Roegen’s (1971) introduction of the 

flow-fund model, and aim at understanding the relationships between social systems and their 

environment. Most authors focus on studying the flows of the water, energy, and food (WEF) nexus 

through the functional structures (funds) of the social systems under study (Madrid -López and 

Giampietro, 2015; Al-Saidi and Elagib, 2017; Serrano-Tovar et al., 2019; Villamor et al., 2020; 

Haberl et al., 2021). The WEF nexus is the most direct connection between a social system and its 

surrounding environment, and understanding this relationship is of great importance to aid in policy-

making. It proves a valuable, multi-dimensional and interdisciplinary tool for assessing scenarios of 

resource demands to use as a foundation for improving resource management strategies (Daher and 

Mohtar, 2015). Projects such as “Moving Towards Adaptive Governance in Complexity: Informing 

Nexus Security” (MAGIC-NEXUS) – funded by the European Union’s Horizon 2020 research and 

innovation program – highlight the importance of recognizing the complex relationships between 

water, energy, and food systems to implement policies that acknowledge and integrate the WEF nexus 

(MAGIC-NEXUS, 2022). With a proper understanding of WEF nexus of Menorca, we can make more 

informed decisions to engage in more sustainable practices towards the island’s protected 

environment. However, the case of Menorca under the COVID-19 lockdown, as previously described, 

has a set of particularities that are not common in societal metabolism literature. Despite the number 

of societal metabolism studies available, research about the relationship between the resource use for 

socio-economic activities and environmental impacts on small islands is still few in between (Singh, 

Fischer-Kowalski and Chertow, 2020). Instead, metabolic studies at national level are commonplace, 

given the availability of data of national institutions, and the effectiveness of the application and 

development of the concept at this level (Fischer-Kowalski, 1997). For example, Zhang et al. (2012) 

studied China’s ecological network metabolism, developing a relationship network of the country’s 

interaction with its environment, and the internal relationships within China’s socioeconomic system 

to assess improvements for a healthier socioeconomic development less harmful to the environment.  
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China’s socioeconomic system however differs greatly from that of a small Mediterranean island. 

Menorca’s resource demand is significantly low compared to that of one of the world’s biggest 

countries; and while Menorca’s system is focused towards tourism and depends on imports, China’s 

system focuses on production and exports. As one of the world’s largest CO2 emitters (Ortega-Ruiz 

et al., 2022) it is important to study China’s resource impact on its environment, however the country 

itself is not as vulnerable to climate change stressors as small island territories , which have far less 

resources at their disposal to improve their own sustainability. Soto et al. (2016) studied the change 

of the social metabolism in Spain from an agrarian metabolism to an industria l metabolism through 

the study of biomass flows. Their study shows how the societal changes in the use of biomass as an 

energy source to being used to an industrial material heightened the pressure on the Spanish agrarian 

system. As a consequence of the pandemic lockdown, Menorca’s metabolism has also experienced a 

change in the societal use of its resource flows, and hence we can expect a change in the metabolism 

of the island as a consequence of the change in its societal system’s behavior.  However, even though 

Menorca is a Spanish territory, we cannot ascertain that the impacts of the pandemic lockdown on 

their metabolisms are the same. The reasons are twofold. First, the availability of resources for 

production and trade of the whole of Spain is greater compared to that of just Menorca – who mainly 

trades with the Spanish peninsula, its fellow archipelago islands, and France; and has limited land 

area for production. The second reason stems from Spain’s autonomous community government 

system, in which the country is divided in 19 regions with an autonomous government who responds 

to the central Spanish government, but have nevertheless the power to govern themselves. This type 

of government made it so that the restrictions in place during the COVID-19 lockdown could vary 

from region to region depending on the number of cases, peculiarities, and government decisions of 

each region. Hence the case of Spain’s and the case of Menorca’s metabolism during the pandemic 

lockdown are not one in the same.  

 

1.1.2. Societal metabolism studies on island territories 

One of the first studies that analyzed the relationship between human activity and the ecosystem of 

an island focused on the energy and food flows of the island of Nämdö, located in the Stockholm 

archipelago (Sundkvist et al., 1999). Though some research was done on the environmental impacts 

of climate change on small islands, it was after the IPPC report of 2014 – where a specific chapter 

was dedicated to explain the vulnerabilities of small island states in relation to climate change – that 

this niche in research began to gain more attention. In that report, the IPCC recognized different types 

of stressors from which island vulnerabilities may stem from. Island territories can be vulnerable to 

geophysical stressors such as earthquakes, volcanic eruptions or tsunamis; to socioeconomic stressors 

relating to human development, mainly how to manage the fluctuating population and resource 

demands derived from touristic activities; socio-ecological stressors on their habitat due to pollution, 

loss of ecosystem services or overexploitation services; and of course, climate stressors accentuated 

by climate change like sea level rise, saltwater infiltration or extreme weather events  (IPCC, 2014).  

Multiple authors recognize the vulnerabilities that small islands states face against climate change  

and anthropogenic stressors, and have performed different case studies to address the sustainability 

challenges on small island states accounting also for the social context of the islands under study 

(Ratter, 2018). Though different authors choose to focus on a different geographical context and 

different aspects of sustainability, or focus on one branch of the WEF Nexus, most small island states 

share a similar situation. Take for example the previously mentioned study on the island of Nämdö, 

in Sweden, in comparison to Menorca. Though Nämdö is considerably smaller with only 10 km2, the 

island is also depending heavily on external imports and communication to meet its resource demand 

(Sundkvist et al., 1999), just like Menorca (Marcos-Valls et, al., 2020). This is the case of many 

island states which tend to over-exploit a locally accessible resource for exports, but depend heavily 

on imports of other resources to meet their societal demand (Krausmann, Richter and Eisenmenger, 

2014). Hence why it is important to not neglect island states from performing specific sustainability 

studies which consider their particular contexts. As the IPCC (2014) report states “Islands are 
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heterogeneous in geomorphology, culture, ecosystems, populations, and hence also in the ir 

vulnerability to climate change”. Broader sustainability studies made for a specific country or region 

may very well not be applicable to small island states due to not sharing these particular 

vulnerabilities that islands have. 

Given the vulnerabilities of islands to climate and anthropogenic stressors, societal metabolism 

studies are a fitting approach to evaluate the sustainability issues derived from these vulnerabilities 

and to assess the potential for self-sufficiency of small islands (Eckelman and Certow, 2009; Iglesias 

and Carballo, 2011; Sanyé-Mengual et al., 2014; Singh et al., 2022). Studies concerning the 

sustainability of small island states usually focus on different branches of the WEF Nexus in relation 

to security and resilience because of their common dependency on external resources (Krausmann, 

Richter and Eisenmenger, 2014). Articles relating to food security in small island states study how 

climate change might affect local agriculture and fishing, considering the inherent constraints of 

limited available land of small island territories (Lowitt et al., 2015; Lenderking, Robinson and 

Carlson, 2021). Water-related articles focus more on the potential impact of climate changes on the 

availability of freshwater resources of islands derived from climate change (Ault, 2016; Karnauskas 

et al., 2018; Triantafyllou et al., 2021). Energy studies instead tend to focus more on finding ways 

for island territories to make use of their available ecosystem services to become self -sufficient 

energetically (Iglesias and Carballo, 2011; Ioannidis et al., 2019; Triantafyllou et al., 2021).  The 

interest in studying the potential for self-sufficiency on small islands stems from both the risk in the 

disruption on external imports and the limited capacity for internal production (Gohar, Cashman and 

Ward, 2019; Ioannidis et al., 2019; Marcos-Valls et al., 2020). It is here where the pandemic 

lockdown restrictions distinguish themselves from other disruptive events such as a raise in prices 

(Glynn et al., 2014; Luo and Tanaka, 2021), supply accidents – like the one that damaged the 

submarine electricity supply cable between Mallorca and Menorca in late 2017 (Monforte, 2017) – 

or other events that might threaten resource imports such as potential EU sanctions against Russia 

following the invasion of Ukraine, or potential Russian cuts on gas imports to Europe (European 

Commission, 2022). The pandemic lockdown not only disrupted the external resource imports to 

Menorca, but also disrupted the free movement of people. Inside the island, the movement restrictions 

to non-essential activities limited internal production as workers struggled with both the virus and 

not being able to perform their usual activities. Outside the island, the travel restrictions also limited 

the number of tourists able to come to Menorca which had an impact on the touristic sector and on 

the wave of seasonal workers who travel to the island.  

A particular study deserves an important mention, as this work was inspired to expand upon its 

content. The paper by Marcos-Valls et al. (2020) studied the societal metabolism of Menorca based 

on 2015 data. Having the previous data of Menorca’s metabolism prior to the pandemic is very 

valuable to establish a comparison between its pre-lockdown and lockdown metabolic profiles. By 

the term ‘metabolic profile’ I am referring not only to how the socio-economic system is organized 

to perform the metabolic analysis in terms of its structure and the resources taken into consideration 

for the analysis, but also to the results of the analysis itself. The terms ‘metabolic profile’ and 

‘metabolism’ are very similar and can be used interchangeably in most contexts, however the main 

difference between the terms would be that ‘metabolism’ refers more to the concept itself while the 

term ‘metabolic profile’ is used to differentiate between two distinct metabolisms. More information 

about what a metabolic analysis entails can be found in section 3.2. The study by Marcos-Valls et al. 

(2020) took into consideration the water and energy flows of the island and how they were used at 

different levels of analysis, as well as the related emissions and value added generated. One of its 

main conclusions was that Menorca was indeed very much depending on imports and on tourism to 

perform its socio-economic activities, which begs the question of how Menorca’s metabolism has 

fared under the lockdown restrictions. During the discussion of the results of this thesis I refer to the 

results from this study to compare the pre-lockdown metabolic profile of Menorca with its lockdown 

profile. 
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1.1.3. COVID-19 studies in relation to the WEF Nexus 

Studies relating to the COVID-19 pandemic are still recent, and few study the effect of the pandemic 

lockdown on the water, energy and food nexus on social systems. Some authors such as Bich-Ngoc 

and Teller (2020) analyzed the potential effects of the pandemic on the water demand of Liège; Kim, 

Yim and Lee (2021) took a more focused approach and studied domestic water use changes; Siqueira 

et al. (2021) studied the impact on the pandemic on water consumption in Brazil, while Carvalho et 

al. (2020) studied its effects on Brazilian electricity consumption; Ghiani et al. (2020) focus on the 

impact of electricity pricing in Italy during the pandemic; Navon et al. (2021) took a more systemic 

approach on energy systems and power grids without focusing their study in a particular region or 

social system. Most of the authors who studied the effects of the pandemic on WEF Nexus do so at 

a national scale, and not enough attention in research is given to how the pandemic has affected island 

territories, which are more vulnerable to the disruptions in trade and movement brought by the 

pandemic. Taking into account the specific contexts and vulnerabilities of island territories, and given 

that most of them are dependent on external resources and the inflow of people, i t is important to not 

neglect the study of the consequences of the pandemic on island territories. Yet, it seems that this 

particular niche in research is still to be explored. 

1.2. Research gap 

As presented above, social metabolism studies have been present in research though their main focus 

tends to be at a national or city scale. Considering that island territories have particular vulnerabilities 

and heterogenous contexts, translating the results of these metabolic studies at a national scale to 

island territories might not work well for their specific contexts. For this reason, studies that address 

the particular contexts of island territories and their vulnerabilities are needed to properly understand 

the sustainability issues that they face. Research about the metabolism of small island states is not 

very extensive, but has been explored by different authors especially following the IPCC report of 

2014, where attention was brought to the risks that island territories face . Given that most island 

states are in a situation where they depend on imports of resources to meet demand (Krausmann, 

Richter and Eisenmenger, 2014), which is often times accentuated by tourism, the consequences of a 

global pandemic shutting down travel and restricting the movement of goods and people can severely 

affect island territories who were already vulnerable to other stressors. However, within this research 

niche, the topic of how the COVID-19 pandemic has affected the metabolism of islands is still left 

to explore. Though some authors have dabbled in this niche, such as Wallis and McNeill (2021), who 

examine the implications of the pandemic on the development-security nexus of Pacific Islands, a 

focus on the WEF nexus and the societal metabolism of islands during the pandemic remains mostly 

unexplored by academia. This work aims to contribute to filling this gap in research regarding the 

effects of the pandemic lockdown on the societal metabolism of small islands. Given that the 

unfortunate COVID-19 pandemic of 2020 generated a situation of semi-isolation for Menorca – 

having restricted external and internal movement of goods and people –, it also provides an 

opportunity to study the behavior of the island societal metabolism under this context.  

1.3. Purpose and Aims 

Due to the restrictions in the internal mobility of people and external transportation derived from the 

pandemic lockdown regulations in Spain, the societal metabolism of Menorca is bound to have 

undergone a considerable change. Considering Menorca’s dependence on external imports (Marcos-

Valls et al., 2020) and the reduced capability for internal production due to the drop in available 

workers, this study seeks to assess the change that Menorca’s societal metabolism has undergone 

during the 2020 lockdown by providing an estimation of Menorca’s societal metabolism of 2020. It 

assesses the energy and water throughputs consumed in Menorca at different levels of analysis, as 

well as the CO2 emissions and Gross Value generated by the agricultural, industrial and service 

sectors. This work strives to achieve the following purposes: (1) characterize Menorca’s resource use 

during the 2020 lockdown and assess the resources needed to sustain the system; (2) assess the level 
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of certain environmental pressures of Menorca’s socio-economic activities during this period; and 

(3) analyze the potential of the island to lessen its import dependency and become more self -sufficient 

(from a resource use standpoint). The aim of this work can be translated into answering the following 

research questions: 

 

What was the use of energy and water, CO2 emissions, and gross value added of each socio-economic 

activity in Menorca during the COVID-19 lockdown? 

 

How does Menorca’s lockdown metabolic profile indicate its potential for self-sufficiency? 

 

To answer these questions, this work analyses Menorca’s societal metabolism of 2020 under the 

context of the COVID-19 pandemic lockdown, using the Multi-Scale Integrated Analysis of Societal 

and Ecosystem Metabolism (MuSIASEM) approach for metabolic analysis. The results of this work 

provide insights on the way in which the socio-economic activities of Menorca function under 

isolation in terms of human activity, use of energy and water , carbon emissions, and gross value 

added generated. Understanding how Menorca’s resources are used under isolation can aid in the 

improvement of resource management strategies to promote reducing Menorca’s dependency on 

external imports, and also to promote a more sustainable use of the island’s resources. 

1.4. Limitations of the study 

The scope of this work is focused on the study of the water and energy nexus of the Mediterranean 

island of Menorca to assess its societal metabolism. The analysis of Menorca’s societal metabolism 

is done for the year 2020, which contained most of the lockdown period in Spain – starting on March 

2020 and going on until May 2021 with the exception of 3 months during summer (La Moncloa, 

2021). The metabolic analysis performed in this study looks at the yearly aggregated data of 2020 

for energy and water consumption, and for emissions generated and gross value added by the 

economic sectors of the island. Another limitation of the study is that much of the data needed to 

perform the metabolic analysis is not easily accessible or is simply not available at some, or all levels 

of analysis. Section 3 explains in more detail the process of data gathering and its treatment and 

transformation in order to obtain the required data at each level of analysis. Additionally, as will be 

further explained on section 3, metabolic analyses require a series of pre-analytical decisions and 

estimations done by the analyst. These pre-analytical choices are a necessary step to perform 

metabolic analysis using the MuSIASEM approach, and should be critically examined by the reader. 

 

2. Background  

2.1. The Spanish pandemic lockdown  

A few days after the official declaration of the COVID-19 virus as a pandemic by WHO (2020a) on 

March 11th 2020, the Spanish government issued a royal decree on March 14th by which an emergency 

state was declared in all of the Spanish territory to respond to the healthcare crisis (BOE, 2020c). 

This was the first emergency state issued in Spain since the declaration of the pandemic, lasting four 

months until the 21st of June 2020. It was during this period were the first regulations to combat the 

spread of the pandemic, protect citizen health and aid the healthcare system were put in place  (La 

Moncloa, 2021). Some of the most impactful restrictions issued through the official state bulletins – 

in Spanish: Boletín Oficial del Estado (BOE) – and the official bulletins of the Balearic Islands – in 

Catalan: Butlletí Oficial de les Illes Balears (BOIB) – are collected in the following list:  



21 

• BOE (2020c): -Limited circulation of people only to engage in ‘essential activities’  

-Suspension of in-person education and prioritization of online education 

-Suspension of commercial and recreational activities, allowing only   

establishments who offer primary need products such as food or medicine to 

maintain their activity 

-Ensuring the supply of basic goods and services 

• BOE (2020d): -Reduction of public transport services 

• BOE (2020e): -Establishment of measures to reinforce the national health system, such as 

forcing all health centres to aid in COVID-19 diagnosis 

• BOE (2020f): -Prohibition of flights coming from Italy 

• BOE (2020g): -Severe restrictions to inter-Balearic flights 

• BOIB (2020):  -Prohibition of non-cargo flights or ships between the Iberian Peninsula and            

the Balearic Islands 

Also during this first emergency state, on the 28th of April 2020, the Spanish Government issued a 

‘Descalation Plan’. This plan established a set of parameters and steps aimed to guide the Spanish 

society out of the state of emergency caused by the pandemic, to what was called “the new normality” 

(Gobierno de España – Ministerio de Sanidad, 2020). Four stages were established to transition to 

this new normality in which, depending of the situation of each Spanish territory, certain conditions 

needed to be met to advance to a new stage. Once all four stages were overcome, a province could 

nullify the measures put in place by the emergency state. On the 21st of June 2020 the Spanish 

government declared the emergency state as concluded (La Moncloa, 2021). 

During the months of July, August and September of 2020, Spain was not officially under an 

emergency state, and though the government stived to enter the ‘new normality’ the situation was 

still far from normal. Several of the regulations put in place to combat the pandemic were still in 

force, and though Spain was not under an emergency state, that did not apply to other European 

countries which continued having travel bans. Then, on October 9th 2020, the Spanish government 

declared a second emergency state which only applied to nine municipalities on the province of 

Madrid (Alcobendas, Alcorcón, Fuenlabrada, Getafe, Leganés, Madrid, Móstoles, Parla and Torrejón 

de Ardoz) (BOE, 2020h). This second emergency state established restrictions on the entry and 

departure from these nine municipalities, unless the trips could be adequately justified – e.g., to return 

home, fulfil work or study obligations, attending healthcare centers (La Moncloa, 2021). The second 

emergency state officially concluded on the 24 th of October 2020, only for the Spanish government 

to issue a royal decree on the following day, 25 th of October 2020, establishing a nationwide 

emergency state (BOE, 2020i). This would be the third and final emergency state within the Spanish 

territory and it would also be the longest one, lasting for over 7 months  and effectively concluding 

on the 9th of May 2021. The restrictions put in place during this period were essentially the same as 

the restrictions during the first state of emergency, with a few updates and additional measures 

compiled in BOE (2020i): 

• BOE (2020i): -Implementation of a curfew that limited the circulation of people between      

23:00 and 06:00 to only essential activities. 

-Restricted movement between provinces to only adequately justified trips.  

-Limited number of people grouping in private and public spaces to a 

maximum of 6, with the exception of those living together. 

-Limited stance in religious establishments. 

During the better part of 2020, the Spanish society had to live with these restrictions. This had a 

severe impact in the usual socio-economic activities of the Spanish society and by extension, of 

Menorca. Though during summer there was no emergency state officially declares, the effects of the 

pandemic were still going on. Infections were still prevalent; some restrictions were still in force and 

people were more cautious to fully return to its usual activities. As a result, only the first 2 and a half 

months of 2020 were “normal”. A summary of the chronology of the Spanish pandemic lockdown 

and some of the regulations issued on each period can be found on figure 1. 
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Figure 1. Chronology of the Spanish pandemic lockdown and summary of the most important restrictions put 

forth on each period. Source: La Moncloa, 2021.   

 

2.2. The island of Menorca 

Sitting in the Mediterranean Sea, about 90 km away from the eastern coast of Spain lies the Balearic 

archipelago. It is conformed by the islands of Mallorca, Menorca, Ibiza and Formentera and a set of 

little islands revolving the main islands. Situated in the northernmost part of the archipelago we find 

the island of Menorca, a small island in the Mediterranean with a unique historical, cultural and 

natural heritage (FFTM, 2022a). Menorca is the second biggest island in the Balearic archipelago in 

terms of surface area (69,480 hectares or 694.8 km2) (OBSAM, 2018) and third in terms of population 

(95,936 inhabitants as of 2021) (IBESTAT, 2021a).  

 

Figure 2. Balearic Archipelago, Western Mediterranean Sea. Conformed by the islands of Mallorca (orange), 

Menorca (yellow), Ibiza (green) and Formentera (purple) . Source: Google Earth, 2022. 
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UNESCO declared the island a Biosphere Reserve back in 1993 and in 2019 UNESCO expanded the 

Biosphere Reserve to its coast and waters, giving Menorca the biggest Marine Biosphere Reserve in 

the Mediterranean spanning over 500,000 hectares (UNESCO, 2018; FFTM, 2022a). Though maybe 

not as popular a destination as its sibling islands, Menorca is also a popular touristic destination for 

those seeking to enjoy its beautiful beaches. In 2019 an estimated 1,45 million tourists visited 

Menorca (IBESTAT, 2021b), leaving a total of 1.4 million euros spent on the island (IBESTAT, 

2021c). Menorca has been maintaining similar numbers of incoming tourists and the money they 

spend on the island for a couple of years, even enjoying a slow increase since 2017. But the island 

does not only receive tourists seeking leisure activities, Menorca is also a travel destination for 

seasonal workers who come to the island to work during the summer season.  Nearly 22.600 of the 

people who travelled to Menorca in 2019 did so for work-related reasons (IBESTAT, 2021b), and 

with a 43% of the workers registered in the Spanish social security being employed in the hospitality 

sector (GOIB, 2019) it is evident that the touristic sector in Menorca is one of its main economic 

activities.  

Menorca also has a long tradition of artisan, locally made products, such as the summer sandals 

known as ‘menorquinas’, handmade jewellery, or cheese and curated meats with denomination of 

origin Mahón-Menorca (FFTM, 2022b). But aside from these local products, Menorca also engages 

in regular trade with its sibling islands (mainly Mallorca) and with the Spanish Penninsula.  In 2019, 

the amount spent on imports to the island went up to 1.5 billion euros (IBESTAT, 2020a) . Despite 

its traditional local products, Menorca is dependent on external imports and on the inflow of people 

coming to the island to visit or to work (Marcos-Valls et al., 2020). 

 

3. Theoretical and methodological framework 

3.1. Theoretical framework – Societal Metabolism 

Studying the societal metabolism of a social system can be translated to studying the energy and 

material flows going in and out that system, the functions they perform, and the associated 

environmental impacts derived from the way these resources are used and organized within it. A 

social system can be similar to another in structure and in the material flows going through them, but 

even so each system can perform different functions, which is why is important to study each case. 

Societal metabolism represents the relationship between a social system and its close environment 

(Madrid-López and Giampietro, 2015). Through a metabolic analysis one can examine the resource 

flows running through the functional structures of the social system, providing an insight on its 

metabolic patterns and trade-offs in sustainability issues for the selected period of study (Fischer-

Kowalski, 1997; Serrano-Tovar, 2014; Silva-Macher, 2015; Marcos-Valls et al., 2020). 

But what does ‘societal metabolism’ mean? Going back  to the etymology of the word, ‘metabolism’ 

comes from the Greek metabolē which means ‘to change’ (Judge and Dodd, 2020).  When talking 

about the metabolism of living organisms it refers to the processes by which a living organism 

maintains itself alive, since a living organism at two different points in time does not have the same 

matter within it – it has changed – and it is in death where the matter of an organism remains 

unchanged (Barbaras, 2010). These processes necessary to sustain life are the biochemical reactions 

by which living organisms renew themselves, transforming the raw materials gathered from their near 

environment into the proteins and organic compounds that conform them (Purves et al., 1992 cited 

in Fischer-Kowalski, 1998, p.62; Judge and Dodd, 2020). In short, a living organism sustains itself 

through its metabolism. By changing its molecule compositions (structure) via the transformation of 

material and energy inputs going in and out of it, the organism is able to perform the necessary 

functions to sustain itself (Moreno and Ruiz-Mirazo, 1999).  
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This concept of ‘metabolism’ was not only applied in biology, but also in other fields such as social 

theory, anthropology, geography and geology (Fischer-Kowalski, 1997; 1998). Marx and Engels used 

the concept of metabolism applied to human social systems, a “metabolism between man and nature” 

which mirrors the interchange of energy and materials between organisms and the environment 

(ibid.). Similar to a living organism, a social system also has a set of complex internal processes in 

order to sustain and reproduce itself. It renews its components via the flow and transformation of 

energy and materials gathered from the environment through its functional structures in order to 

perform functions that allow the social system to be sustained (Giampietro, Mayumi and Şorman, 

2011). Zhang et al. (2012) recognize the parallelism between socioeconomic systems and living 

organisms on their study of China’s societal metabolism, treating the country as a “superorganism”. 

The societal metabolism of a social system then refers to the interactions between a given society 

and its environment, and how its internal processes and organizational structures use and transform 

the material and energy inputs in order to perform certain functions (Giampietro, Mayumi and 

Şorman, 2011; Madrid-López and Giampietro, 2015; Gerber and Scheidel, 2018; Pérez-Sánchez et 

al., 2019). Gerber and Scheidel (2018) provide a definition that is very akin to the one given to the 

metabolism of living organisms, “the social metabolism refers to all the energy and material 

transformations that are taking place within an open social system […] and between this system and 

its environment”. 

3.1.1. Self-sufficiency on terms of societal metabolism 

Sufficiency can be defined in simple terms as having enough of whatever it is you need in order to 

fulfil a specific goal. If you are hungry and your goal is to consume food, it may be that a one dish 

meal is ‘sufficient’ for you; or if a room is dark and you need to light it up, turning on one lamp may 

be sufficient to lighten up the room enough for you to fulfil your goal. Self- sufficiency then can be 

defined as being able to satisfy ones needs by oneself. Mahdi (2020) provides a definition of self-

sufficiency translated into metabolic terms as “the ability of an organism to cope with its problems 

exclusively by itself”. As mentioned in the previous section, an organism is able to sustain itself 

through its metabolism, i.e. – via the input and transformation of energy and materials to perform its 

vital functions – then, a self-sufficient organism is one that is able to get the energy and materials it 

needs in order to sustain itself. Another way to put it would be that an organism can be considered 

self-sufficient if its metabolism does not require of any external inputs outside of the control of the 

organism in question.  

In terms of societal metabolism, self-sufficiency would mean that a social system is able to meet its 

needs through the use of its own internal resources without the need of external imports (Mahdi, 

2020). Clapp (2017) provides a definition for food self-sufficiency within the social system of a 

country as internal food production being equal or greater than the country’s food consumption. This 

definition can be extrapolated to the other elements of the water, energy and food nexus as well; and 

applied to social systems of different scale – e.g., smaller regions within a country, cities, or even 

bigger areas conformed by many countries. Achieving self-sufficiency on the WEF nexus is not easy, 

as social systems can have external constraints on their close environment and/or internal constraints 

within the structures of the socio-economic system which limit the system’s potential for a self-

sufficiency scenario (Giampietro and Bukkens, 2015). Clapp’s (2017) definition does not exclude the 

possibility of trade, as long as a country produces enough food to meet its consumption needs trade 

can still be used to purchase commodities and sell part of their internal production. However, social 

systems have grown increasingly reliant on trade with external actors to get the resources necessary 

to fulfil their socio-economic activities via imports (Mitchell et al., 2013; Bridge, 2015). Although 

many times a certain amount of external trade is required, social systems can also become complacent 

with this practice and rely on externalities more than they need. Mitchell et al. (2013) argues that 

countries with a high energy consumption have tended to neglect domestic production and shifted 

towards a dependency on imports. With globalization of trade there is more availability for materials 

and products that are very resource intensive to produce within a given social system, but very eas ily 

obtainable on other social systems. Importing these products and materials form other social systems 

can be either a sustainable or unsustainable practice depending on the imports themselves. Some 
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products may have a lesser environmental impact when produced in a social system where they can 

be easily made, using less resources and environmentally friendly processes; and then shipped to 

another social system where producing them would be more environmentally demanding. It is true 

that shipments have their own share of environmental impact, however in some cases this impact may 

be lower than what could be if the shipped materials were to be produced locally instead. On the 

other hand, the popularity of some products can have negative repercussions on the local environment 

due to overexploitation for exports.  

With this in mind, the discussion of self-sufficiency as a way to improve the sustainability of social 

systems is indeed complex. Certainly, a social system’s metabolism should aim at lessening its 

dependency on external imports of the necessary materials it needs to sustain itself whenever 

possible. Not only to promote local production and lessen the environmental impact due to imports 

as much as possible, but also as a way to improve the security in terms of accessibility of the required 

resources. Resource security is of special importance for island territories, where disruptions in their 

connections with other territories can subject them to partial or total isolation, and having to satisfy 

their metabolic needs by themselves as external access to their needed res ources is reduced or 

completely halted. This situation could be manageable if they have enough internal resources to meet 

their metabolic needs, however most island territories have limited resources and therefore tend to 

be dependent on external imports which enhances the vulnerability of island territories to disruptions 

in their external connections. Such is the case of Menorca, whose metabolism is dependent on imports 

and due to the restrictions put in place during the pandemic lockdown found itself par tially isolated 

as the movement of people and transports was severely limited during the better part of 2020. In this 

context, how has Menorca’s metabolism changed in this new situation where the imports it depended 

on were limited?  

 

3.2. Methodological framework - The MuSIASEM approach for 

metabolic analysis 

The concept metabolism is closely tied with the ‘flows’ going through the metabolic system. Material and 

energy flows are a crucial part of the metabolic process, as they provide the new materials for the renewal 

of the internal components of the system, with the other crucial part being the system itself and its functional 

structures. Georgescu-Roegen (1971) took notice of these crucial components in his work ‘The entropy Law 

and the Economic Process’ in which he proposed a theoretical model to represent the metabolism of socio-

economic systems based on the biophysical roots of the concept, the ‘flow-fund’ model (Giampietro, 

Mayumi and Şorman, 2011). This ‘flow-fund’ model proposed by Georgescu-Roegen served as the 

theoretical background from which the methodological approach ‘Multi-Scale Integrated Analysis of 

Societal and Ecosystem Metabolism’ (MuSIASEM) for the analysis of the metabolism of socio-economic 

systems was developed (Giampietro, Mayumi and Şorman, 2013). Funds represent the elements conforming 

the system which maintain the same definition during the established period of analysis and describe the 

size of the system (Giampietro, Mayumi and Ramos-Martín, 2009; Serrano-Tovar et al., 2019). Flows on 

the other hand represent the elements flowing through the system – be it inflows (e.g., imports and/or 

production) or outflows (e.g., exports and/or consumption) –, and constitute the metabolic activity of the 

system (ibid.).  

 

Other methodological tools for societal metabolism analysis use a similar but different approach. Material 

and Energy Flow Analysis (MEFA) or – the other major methodological approach for performing metabolic 

analysis of socio-economic systems alongside MuSIASEM – uses a stock-flow framework instead, where 

stocks represent quantifiable societal resources (e.g., population, machinery or livestock) (Haberl et al., 

2004; Gerber and Scheidel, 2018). There are other methodological approaches which are more focused 

towards the study specific parts of the metabolism of socio-economic systems, Gerber and Scheidel (2018) 

provide a summary of the most used methodological approaches for metabolic analysis of socio-economic 
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systems, and showcase some of their strengths and weaknesses (see table 1). While MEFA incorporates 

material and energy flows into its analysis, and is not limited to specific products, goods or sectors, it lacks 

a simultaneous examination of different scales. MuSIASEM is more holistic in this regard, incorporating a 

multi-level analysis of the system’s metabolism across scales.  

 

The MuSIASEM approach takes a strong inspiration in Georgescu-Roegen’s flow-fund model (Giampietro, 

Mayumi and Şorman, 2013). MuSIASEM characterizes the metabolism of the system by establishing the 

fund elements, and then assigning the corresponding metabolic relation with the different flow elements of 

study at each level (Serrano-Tovar, 2014). These metabolic relations present the flows in relation to the 

funds of the system, and represent the resources that are needed to perform the functions of the system. For 

instance, energy rates (expressed in Gigajoules/hour) are a metabolic relation that represents how much 

energy (flow) is consumed per hour of activity (fund). This is a useful tool for research and governance, as 

it shows in an easily understandable way how much energy is consumed every hour at each level of analysis. 

It must be noted that social systems are open and are subject to different contexts which influence their 

metabolisms (Giampietro, Mayumi and Şorman, 2013). Analysts must take care in their system definition 

and clearly define the pre-analytical choices made when representing the system (Serrano-Tovar, 2014; 

Marcos-Valls et al., 2020). One of the most important pre-analytical decisions to make is the selection of 

the fund and flow elements that will characterize the system, taking into consideration the spatial (size of 

the system) and temporal (period of study) context of interest for the study (Giampietro, Mayumi and 

Ramos-Martín, 2009; Giampietro and Bukkens, 2015). One of the strengths that makes MuSIASEM a 

valuable tool for metabolic analysis is its capacity to simultaneously integrate data from multiple scales and 

dimensions of analysis into one single multi-level system (Serrano-Tovar, 2014; Pérez-Sánchez et al., 2019). 

By being able to incorporate quantitative data from various indicators at different scales and dimensions of 

analysis, the MuSIASEM approach makes possible to quickly visualise and study the trade-offs taking place 

within the metabolism of the system (Serrano-Tovar, 2014; Giampietro and Bukkens, 2015; Marcos-Valls 

et al., 2020). These pre-analytical choices of the analysts that define the organization of the system, and the 

fund and flow elements which are considered establish a specific metabolic profile for each specific analysis, 

and is what differentiates metabolic analyses from each other. Using this approach for metabolic analysis, 

one can quickly examine the resource flows at different levels and compare them to previous states of the 

system, making it a useful resource management tool for the assessment and improvement of a more 

sustainable use of resources (Giampietro, Mayumi and Şorman, 2011; Biggs et al., 2013). 

 

 
Table 1. Summary of methodological approaches for the study of socio-economic systems. Source: Gerber 

and Scheidel, 2018.   

Major methodological 

approaches 
Strengths Weaknesses 

MuSIASEM 

Strong on the analysis of 

processes inside the economy; 

able to integrate different scales 

Relies on data not always easy to get, 

hence quickly a-historical 

MEFA 

Strong on historical transitions; 

inclusive through standardization 

based on existing statistics 

Excludes processes inside the 

economy and at different scales 

simultaneously 

Material and substance 

flow analyses 

Strong on detailed analyses of 

specific goods and substances 

Limited to specific goods and 

substances (otherwise see MEFA) 

Input-output analyses 
Strong on detailed analyses of 

sectors 

Limited to the meso-level (otherwise 

see MEFA) 

Life-cycle analyses 
Strong on detailed analyses of 

specific products 

Limited to specific products or firm 

level 

Energetics analyses 
Strong on detailed energy 

analyses across scales 
Limited to energy issues 
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3.2.1. Application of MuSIASEM to Menorca 

This section details how the MuSIASEM methodological approach has been applied to the case of Menorca 

during the year 2020. As previously stated, each socio-economic system is tied to a unique context that 

influences its societal metabolism, and MuSIASEM allows freedom to input this contextual framework into 

metabolic analysis of the system. To characterize the metabolic system of Menorca using MuSIASEM a set 

of elements of the system have been defined.  

The first element is the hierarchical organization of Menorca’s functional structures of its  metabolic 

system (see figure 3). Establishing this hierarchical organization is an important pre-analytical step 

by the analysts, as it will represent the different scales of the metabolic process and how the funds 

and flows will be distributed through the system (Giampietro, Mayumi and Şorman, 2011; Serrano-

Tovar et al., 2019). 

Figure 3. Hierarchic organization for the metabolic system of Menorca. Source: Adapted from Marcos-Valls 

et al., 2020. 

It is important to decide on the top level (n) as it sets the reference for the scale of the system under 

study. Level n could be set to be a household, a town, a province, a country or a whole continent; 

hence the importance of this decision by the analysts, as a system level n could be a part of another 

system. In the case of Menorca, the level n is the island itself. The rest of the sublevels stemming 

from level n are encased within the island of Menorca. This hierarchical structure however, does not 

imply that the different levels follow a top-down relationship (Ramos-Martín et al., 2009). In 

actuality their relationship is more similar to a game of sudoku, where all the levels correlate to each 

other and where a change in one level can affect all others (Giampietro and Bukkens, 2015). 

Level n-1 separates Menorca in two distinctive sectors. The first one is the household sector (HH), 

and functions as a dissipative element of the metabolic system, meaning it only consumes the 

resources flowing to it and does not generate any resources, yet it contains the human power needed 

to perform the other activities of the metabolic system (Giampietro, Mayumi and Şorman, 2013). The 

second sub-division of Menorca at level n-1 is the paid work sector (PW). Though this sector also 

consumes resources like the household sector, it is not a dissipative element since it used part of 

those resources to generate others, this is called a ‘hypercycle’ (ibid.). There is another sub-division 

after level n-1 into the level n-2 for both the HH and PW sectors. Given the importance of tourism 

for the island, the household sector is divided into permanent residents – those who are registered in 

the official census as inhabitants of the island – and temporary residents – those who visit the island 

for either work or leisure but are not registered as inhabitants. Level n-2 for the paid work sector 

accounts for three big blocks representing different areas of the island’s economic activity . First 

would be the agricultural sector (AG), which accounts for agricultural and animal farming activities; 

then would be the industry, construction and manufacturing sector (ICM), which accounts for 
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industrial activities such as energy production or product manufacturing; and finally the services and 

government sector (SG), which accounts for public services such as healthcare and public 

transportation, and includes the touristic and recreation activities, restaurants, and administrative 

governmental activities as well.  

Table 2. Funds, Flows and metabolic relations in Menorca’s metabolic system. Definition and data sources.   

 Definition Data sources 

Funds 

Human 

Activity (HA) 

Number of hours of activity exerted by the people in the 

island, in millions of hours (Mh) 

(IBESTAT, 2020b) (IBESTAT, 2020c), 

(IBESTAT, 2020d), (GOIB, 2020a), 

(GOIB, 2020b), (GOIB, 2020c), (SEPE, 

2020a), (SEPE, 2020b)  

Land Use (LU) 
Surface of land dedicated for activities in each level, in 

hectares (ha) 
(OBSAM, 2018), (GOIB, 2020d)  

Flows 

Energy 

Throughput 

(ETi) 

Energy consumed at each level per each energy type ‘i’, 

in thermal equivalent units – gigajoules (GJ). Three 

energy types are considered: Electricity (also presented 

in megawatts per hour, MWh), heating and fuel.  

(OBSAM, 2020a), (OBSAM, 2020b), 

(GOIB, 2020e)  

Water 

Throughput 

(WT) 

Water consumed at each level, in millions of cubic 

meters (Mm3) 

(OBSAM, 2019b), (OBSAM, 2021a), 

(OBSAM, 2021b), (GOIB, 2020d), 

(GOIB, 2021) 

Carbon 

Emissions 

(CEi) 

CO2 emissions generated at each level per each energy 

type ‘i’, in tons of CO2  
(OBSAM, 2020d), (OBSAM, 2020e) 

Economic Variable 

Gross Value 

Added (GVA) 

Monetary value generated by each economic sector, in 

millions of euros (M€) 
(GOIB, 2020d), (OBSAM, 2020c) 

Metabolic Relations 

Metabolic Rate 

(iMR) 

Flow(i)/HA fund. Amount of each flow (ET, WT & CE) per hour of human activity at each level, 

in unit of flow/h    

Metabolic 

Density (iMD) 

Flow(i)/LU fund. Amount of each flow (ET, WT & CE) per hectare of land used at each level, in 

unit of flow/ha 

Productivity 

(iP) 

Job productivity (JP) – GVA/HA, Gross value generated per hour of human activity, in €/h  

Land productivity (LP) – GVA/LU, Gross value generated per hectare of land, in €/ha  

 

The second element is the characterization of the funds and flows of the system (see table 2). The 

funds chosen to characterize Menorca’s metabolic system are the hours of Human Activity (HA) and 

the hectares of Land Use (LU). Since every social system has hours allocated to perform its socio-
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economic activities and land where these activities are held, it i s common to use both of these 

elements as funds in metabolic analysis (Giampietro and Bukkens, 2015) The flows chosen to 

characterize Menorca’s metabolic system are the following : Energy Throughput (ETi – amount of 

energy consumed for each energy type ‘i’) , Water Throughput (WT – amount of blue water consumed) 

and Carbon Emissions (CEi – amount of CO2 emitted for each energy type ‘i’).  

There is another element of the system which lies outside the definition of a fund or a flow, that being 

the economic variable of the Gross Value Added (GVA – economic value produced). The peculiarity 

surrounding this economic variable is that it can be understood as both a fund and a flow. As a fund, 

one can understand it as the system’s economy, the inherent ability of the  system to generate 

economic value. However, it can also be understood as the flow of money generated in the system of 

Menorca, how much gross value was added to the system by each economic activity. In this work, 

this economic variable is left as an element outside funds or flows, though in studying the metabolic 

relations of Menorca’s system it has been treated as a flow to estimate the job productivity and land 

productivity (see table 2).  

 

4. Gathering data for the analysis 

This section shows the process of data gathering and how that data has been treated in order to assess 

Menorca’s metabolism of 2020. As explained in the previous section, the pre-analytical choices made 

by the analyst can really influence the metabolic profile of the system under study, and it is imperative 

to be transparent of these choices to allow a critical inspection of the results. Since the chosen 

metabolic profile rarely coincides with official data, in order to fill in the numerical value of the 

different flows and funds on each level analysts must often gather the available data and treat it so it 

coincides with the definition of the system established by the analyst. The following sub -sections do 

not present the results of the metabolic analysis. Rather, they explain in detail which data has been 

gathered, where has it been gathered from, and how the data has been treated in order to obtain the 

results for Menorca’s metabolic profile of 2020, which are presented and discussed in section 5. 

This work has used three main local sources of data, the Statistics Institute of the Balearic Islands 

(IBESTAT), the Socio-Environmental Observatory of Menorca (OBSAM) and the Balearic Islands 

government page (GOIB). Table 2 provides a summary of the definition and data sources for the 

funds and flows chosen for the study of Menorca’s metabolism, and how the metabolic relations 

between the funds and flows have been calculated. This document uses the European numeric format. 

Therefore, a comma is used as a decimal separator and a full stop is used to separate thousands. 

4.1. Funds 

4.1.1. Human Activity 

The Human Activity (HA) fund is an estimation of the number of hours of activity that the system 

under study has over the period under study, and how those hours have been distributed across the 

different levels of the system. In this study it represents the hours of activity that the island of 

Menorca had during the 2020 lockdown. At the Household level, the hours of human activity were 

calculated by multiplying the estimated number of both permanent and temporary residents by the 

number of hours available in a year (24 hours/day * 365 days). The estimated number for permanent 

residents was taken from the census of Menorca for 2020 provided by the Statistical Institute of th e 

Balearic Islands (IBESTAT, 2020c), while the estimated number of temporary residents was 

calculated by subtracting the number of permanent residents from the average human pressure index 

of Menorca for 2020 (IBESTAT, 2020d) shown in table 3.  
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Table 3. Menorca’s Human Pressure Index of 2020 – estimated maximum and minimum number of people in 

the island per month. Source: IBESTAT, 2020d. 

HPI - 2020 Maximum Minimum  Maximum Minimum 

2020M12 P 101,499 98,372 2020M06 P 115,159 106,258 

2020M11 P 99,891 98,952 2020M05 P 106,217 105,415 

2020M10 P 108,385 100,341 2020M04 P 105,385 104,930 

2020M09 P 142,013 108,418 2020M03 P 105,323 102,584 

2020M08 P 181,878 142,727 2020M02 P 103,182 99,344 

2020M07 P 163,070 117,014 2020M01 P 99,208 96,134 

 

At the Paid Work level, the hours of human activity were calculated by taking the average number of 

workers in Menorca affiliated to the Spanish social security system (TGSS) (IBESTAT, 2020b; 

GOIB, 2020a) at each sub-level of analysis (see table 4), assuming full-time contracts of 40 hours a 

week in a 48 working week year. This method, overestimates the number of hours allocated to Paid 

Work due to some contracts being part-time or seasonal (Marcos-Valls et al., 2020). But this 

overestimation was considered to compensate for the informal work that is unaccounted for in the 

official data (Iglesias-Pérez et al., 2018 cited in Marcos-Valls et al., 2020, p.4). This is the 

methodology used in the previous study of Menorca’s 2015 metabolism by Marcos-Valls et al. 

(2020), however, this methodology has been adapted and expanded considering the context of the 

pandemic lockdown period of 2020.  

Table 4: Number of workers per work regime in Menorca affiliated to the Spanish social security system in 

2020. Source: Tresoreria General de la Seguretat Social, 2020 cited in GOIB, 2020a. 

 

First, this work has sought to expand a bit the precision of these calculations by separating the 

estimated number of full-time contracts and the estimated number of part-time contracts (IBESTAT, 

2020b), and multiplying them by 40 hours a week and 20 hours a week respectively, both in a 48 

working week year.  

Second, it is also worth considering that not all people affiliated to the TGSS are actually working 

and that there is a fraction of affiliated people who are registered as unemployed (GOIB, 2020b). 

Due to the lockdown period of 2020 the unemployment rate in European economies rose, with Spain 

being one of the countries registering a high unemployment mean (SEPE, 2020b; Su et al., 2021). 

This study has accounted for the hours of work lost to unemployment to properly represent the 

consequences of the pandemic lockdown on the hours of Human Activity. The hours lost to 

unemployment were calculated by multiplying the average number of registered unemployed people 

in Menorca on 2020 (GOIB, 2020a) (see table 5) by the hours of an assumed full-time contract that 

they would have been working on. These hours lost to unemployment were then subtracted from the 

hours calculated from the number of affiliations to the TGSS.  

TGSS Regime January February March April May June July August September October November Desember

Agrarian 269 268 264 259 269 272 274 284 263 262 253 256

Self-employed 7,011 7,088 7,011 6,979 7,194 7,371 7,654 7,656 7,447 7,298 7,153 7,136

Maritime 167 198 215 225 271 294 348 339 264 207 172 156

General 18,891 19,669 18,906 20,179 22,491 23,608 25,257 24,811 22,975 19,234 18,383 18,428

Household 518 520 515 505 512 515 534 535 520 525 514 508

Total 26,856 27,743 26,911 28,147 30,737 32,060 34,067 33,625 31,469 27,526 26,475 26,484

Affiliated Population by regimes - Source: Tresoreria General de la Seguretat Social (TGSS)
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Table 5: Number of unemployed people per economic sector in Menorca affiliated to the Spanish social 

security system in 2020. Source: Servei d’Ocupació de les Illes Balears (SOIB) , 2020 cited in GOIB, 2020a. 

 

And third, a special measure called ‘Expediente de Regulación Temporal de Empleo’, or ‘ERTE’ for 

short, was used prominently in Spain during the 2020 lockdown to help stop the destruction of 

employment (SEPE, 2020a). An approximate translation for ERTE would be ‘Record of Temporary 

Regulation of Employment’, a proceeding by which a company is entitled to drastically reduce their 

non-essential workforce by putting worker contracts in a ‘temporary suspension state’ (GOIB, 

2020b). This means that workers put under an ERTE effectively stop doing work for their company 

for a determined period of time, while their contracts are still active. Subsequently, the company for 

which they work is no longer responsible for paying their wages and the state takes over that 

responsibility for the duration of the ERTE, paying those workers their assigned unemployment 

benefit instead of their salary. However, since their contracts are still active, workers under an ERTE 

are still affiliated to the TGSS and accounted for as workers instead of unemployed. This means that 

the number of people not actively working in Spain for the lockdown period was actually higher than 

what the unemployment figures show, due to this caveat in the way in which workers under ERTE 

are accounted. This special measure was put in place to help the economy during the pandemic 

lockdown and it was prominently used. An average of 24% of the TGSS affiliated workforce in 

Menorca was put under an ERTE (GOIB, 2020c), further lowering the real hours of Human Activity 

in the Paid Work sector. These hours of lost labor were also subtracted from the hours calculated 

from the number affiliated people in the same manner as the hours lost to regular unemployment . 

Table 6: Number of people under ERTE per economic sector in Menorca – accumulated for 2020. Source: 

own elaboration based on data from GOIB, 2020c. 

Population under ERTE in Menorca per Economic Sector 

Economic Sector 2020 

Agriculture (AG) 57 

Industry, Construction and Manufacturing (ICM) 513 

Services and Government (SG) 4,561 

Total 5,131 

There is still some overestimation in hours of human activity which account for the hours of unofficial 

work, as even with these considerations in mind to increase the precision of the estimations the 

number of affiliated people still assumes that working people have consecutive contracts throughout 

the year. The reality is that one person can have multiple contracts and periods of inactivity, 

especially in Menorca where seasonal contracts are common. A more precise work would require 

detailed information of the number of active contracts at all times with their individual durations, 

which is extremely difficult to get access to.  

4.1.2. Land Use 

The Land Use fund estimates the surface of land that is being used for activities in each of the 

system’s sub-levels. The data for the estimation of the Land Use fund is taken from the digital 

cartography report for the territorial occupancy of Menorca (OBSAM, 2018. Data for the uses of the 

soil in Menorca is not updated assiduously, the last 3 updates for Menorca’s soil usage were 

Economic Sector January February March April May June July August September October November Desember

Agriculture and fishing 45 34 39 49 50 59 51 52 55 72 81 80

Industry 233 228 249 287 291 292 274 272 282 299 307 298

Construction 358 352 473 569 575 559 585 739 686 677 659 692

Services 3,841 3,677 3,964 4,388 4,430 4,220 3,683 3,744 4,262 4,814 5,068 4,824

Hospitality 1,481 1,394 1,540 1,669 1,630 1,514 1,212 1,225 1,569 1,875 2,016 1,855

Comerce 589 582 613 676 697 670 602 587 674 757 768 752

Other services 1,771 1,701 1,811 2,043 2,103 2,036 1,869 1,932 2,019 2,182 2,284 2,217

Without prior ocupation 125 139 155 172 185 225 243 255 282 294 307 308

Total 4,602 4,430 4,880 5,465 5,531 5,355 4,836 5,062 5,567 6,156 6,422 6,202

Unemployed Population - Economic Activity - Source: SOIB
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conducted in the years 2002, 2007 and the most recent being 2015 (OBSAM, 2019a). As a result, 

most of hectares of Land Use for Menorca’s metabolism of 2020 remain the same as its past 

metabolism of 2015 with the exception of the land dedicated to agriculture, which was updated in the 

document “Estadístiques agràries i pesqueres 2020” (agrarian and fishing statistics 2020) made by 

the Balearic Islands government (GOIB, 2020d). Said document, as its title suggests, showcases 

different statistics related to the agriculture and fishing industries in the Balearic Islands for 2020. 

This includes data such as production, GVA generated and land surface used for agriculture (see 

table 7). The number of interest for this study from table 7 is the hectares of useful agrarian surface 

of Menorca, which refers to the sum of the land used for crops, fallows and pastures.  

Table 7. Surface of land dedicated to the agricultural sector in the Balearic Islands in 2020. Source: GOIB 

2020d 

Since the total surface of the island cannot change – under normal circumstances at least – the 

addition of the updated surface dedicated to the agricultural sector in Menorca’s land use fund has 

been incorporated with the rest of the land use data from 2015 by adjusting it with the non -managed 

land level. The non-managed land sub-level is present only for the land use fund, and it accounts for 

the hectares of land in Menorca which do not fall under any of the other categories . 

Figure 4 shows a geographic information system (GIS) map of the uses of the soil in Menorca taken 

from the Infrastructure of Spatial Data of the Balearic Islands (ideIB) tool made available by the 

government of the Balearic Islands (SITIBSA-GOIB, 2022) to visualize the 2015 data of soil usage 

in Menorca on a map.  

  

 

 

 

 

 

 

 

 

 

 

Figure 4. GIS map of soil usage in Menorca. The urban areas are distinguished by the red and orange colors. 

The land dedicated to agriculture is shown in a pallet of brown/beige colors, while the area painted in shades 

of green represents natural and rural areas with interest of staying protected. Source: Infraestructura de Dades 

Espacials de les Illes Balears - ideIB (SITIBSA-GOIB, 2022)  

ha % ha % ha % ha % ha %

Agricultural crops 177,242 36% 148,437 41% 22,012 32% 569 10% 1,104 13%

Pastures 3,403 7% 22,918 6% 7,026 13% 3,329 6% 757 9%

Useful agrarian surface 211,272 42% 171,355 47% 29,037 42% 9,019 16% 186 22%

Forest surface 224,185 45% 146,294 40% 32,945 47% 40,401 71% 4,546 55%

Non-agrarian nor forest surface 63,713 13% 46,369 13% 7,589 11% 7,837 14% 1,918 23%

Geographical surface 49,917 100% 364,018 100% 69,571 100% 57,257 100% 8,324 100%
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4.2. Flows 

4.2.1. Energy Throughput (ETi) 

In studying the metabolism of any given system, the energy throughput  (ET) is usually included, as 

it is one of the most important resource flows for any socio-economical system. The energy 

throughput in this study accounts for the energy consumed in Menorca’s metabolic system for three 

separate uses (i): energy consumed as electricity, energy consumed as heating and energy consumed 

as fuel. All three energy types are represented in thermal equivalent units, Gigajoules  (GJ). Due to a 

lack of data, there is no available estimation for energy consumption for permanent (PR) and 

temporary residents (TR).  

Electricity consumption at level n was extracted from the estimations for final energy consumption 

in Menorca from OBSAM (2020a). At the household level, residential consumption of electricity was 

extracted from the estimations for sectorial electrical energy consumption in Menorca (OBSAM, 

2020b) (see table 8). For the electricity consumption of the paid work sector, a bottom-up approach 

was taken by adding up the electricity consumptions of all level n-2 sectors under paid work, which 

were available in the estimations for sectorial consumption of electricity (see table 9). The energy 

throughput for electricity is given in Megawatts per hour (MWh), as well as its thermal equivalent in 

Gigajoules (GJ). In order to more accurately convert the MWh of electricity into their thermal 

equivalent, one must consider the energy mix of primary energy sources of the system. For Spain, 

the conversion for electricity into the thermal equivalent is done by multiplying the MWh by 3.6 

(physical conversion factor for MWh to GJ) and by 2.9 accounting for the Spanish primary energy 

source mix. 

Table 8. Final energy consumed in Menorca from 2015-2020, in tons of oil equivalent (TOIs). Source: 

OBSAM, 2020a. 

Year 
Liquid 

gases (TOI) 

Liquid 

Fuels (TOI) 

Electricity 

(TOI) 

Biomass 

(TOI) 
Total (TOI) 

2015 5,770.8 77,158.2 38,196.2 301.5 121,426.6 

2016 5,707.5 77,676.0 38,179.1 318.2 121,880.8 

2017 5,988.4 86,861.3 39,495.7 202.8 132,548.2 

2018 6,104.5 86,431.2 39,911.3 352.1 132,799.1 

2019 6,197.6 86,213.0 40,147.0 436.7 132,994.3 

2020 4,730.0 52,713.0 32,787.0 109.1 90,339.1 

 

Table 9. Electricity consumed in Menorca from 2015-2020 per economic sector, in Megawatts per hour 

(MWh). Source: OBSAM, 2020b. 

 Primary Industry Services 

Total 

(MWh) 

 

Agriculture 

(MWh) 

Industry 

& 

Energy 

(MWh) 

Construction 

(MWh)  

Residential 

(MWh) 

Commerce 

& Services 

(MWh) 

Hospitality 

(MWh) 

Administration, 

lighting & 

public services 

(MWh) 

Total 

services 

(MWh) 

2015 7,839 23,912 1,326 195,766 81,218 84,183 49,898 215,299 444,142 

2016 8,286 23,588 1,217 195,669 79,225 85,957 50,000 215,182 443,943 

2017 8,455 24,637 1,545 203,635 80,227 91,054 49,700 220,981 459,253 

2018 7,794 24,298 3,021 213,582 80,045 87,766 47,580 215,390 464,085 

2019 8,434 23,766 3,602 216,201 80,473 84,609 49,448 214,824 466,825 

2020 8,071 21,600 3,252 201,337 64,192 37,397 45,145 146,984 381,244 
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Energy consumption as heating at level n was also taken from the estimations for final energy 

consumption in Menorca shown in table 8, with the consideration that biomass, liquid gases, and a 

fraction of liquid fuels are used for heating purposes. At the household level and the level n-2 paid 

work sectors, the estimation of heat energy has been made by multiplying the consumption at level n 

by the respective percentages of consumption of heat energy in the whole of the Balearic Islands. 

This means that the percentage of the heat energy consumption of each sector out of the total heat 

energy consumption in all of the Balearic Islands (GOIB, 2020e) has been estimated to be the same 

for just Menorca.  

Finally, energy consumption as fuel follows the same method as with energy consumption as heating. 

At level n, it was taken from the final energy consumption in Menorca (OBSAM, 2020a) as well.  

Then at the household, agriculture, industry and services and government levels, the same process of 

multiplying the consumption at level n by the percentual consumption of each sector in the whole of 

the Balearic Islands was made. 

4.2.2. Water Throughput (WT)  

Studying the water throughput of a given system is of great importance to understand its metabolic 

profile. For the estimation of the water throughput a bottom-up approach was followed. Due to a lack 

of data, there is no available estimation for water consumption for permanent (PR) and temporary 

residents (TR).  

At the household level, the data for water consumption was calculated by adding up the water 

consumption of residential areas and 60% of the consumption of urban areas, both values taken from 

urban water consumption data by OBSAM (2021a) shown in table 10. The domestic water 

consumption of urban areas is estimated to be a 60% of urban water consumption based on the average 

for the consumption 2018 and 2019 (OBSAM, 2021b) since there is no data available for 2020. The 

consumption for the industrial sector was taken from the hydric balance study from 2021 from the 

Balearic Islands hydrological plan proposal 2021-2027 (GOIB, 2021). The estimation of the water 

consumed by the agricultural sector was done using the water requirements for the crops and farm 

animals of Menorca (OBSAM, 2019b) available in the agricultural and fishery statistics document 

form the Balearic Islands government (GOIB, 2020d). Then, for the paid work level and n level, a 

bottom-up addition of the values of their lower levels was made. 

Table 10. Yearly water volume caught and distributed in Menorca from 2015-2021, in cubic meters (m3). 

Source: OBSAM, 2021a. 

Year 
Aquifer 

extraction (m3) 

Desalation 

(m3) 
Total catchment (m3) 

Denitrification 

rejection (m3) 

Total water 

distributed (m3) 

2015 11,322,936   11,322,936   11,322,936 

2016 11,685,839   11,685,839   11,685,839 

2017 11,218,809   11,218,809 56,413 11,162,396 

2018 10,994,272   10,994,272 23,600 10,970,671 

2019 11,377,147 673,542 12,050,689 50,754 11,999,935 

2020 9,827,744 985,340 10,813,084 47,036 10,766,048 

2021 10,517,728 990,283 11,508,011 48,836 11,459,175 

4.2.3. CO2 Emissions (CEi) 

The last flow to be studied in Menorca’s lockdown metabolic system is the CO2 emissions (CE) 

generated by each level of analysis. Due to a lack of data, there is no available estimation for the 

carbon emissions attributed to permanent (PR) and temporary residents (TR). This study has 

estimated the CO2 emissions derived from each energy use considered in the metabolic system – 
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electricity, heating and fuel. The tones of CO2 derived from the generation of electricity at all levels 

have been calculated using the emissions factor of electricity generation provided by OBSAM 

(2020d). For both emissions derived from the energy used for heating and fuel purposes, the emission 

factors of different fossil fuels provided by OBSAM (2020e) have been used in the estimations (see 

table 11).  

Table 11. Direct CO2 emissions in Menorca from 2015-2020, in tons of CO2. Source: OBSAM, 2020e. 

Year 

Emissions due to fuel and gas burning 
Emissions due 

to electricity 

generation 

(tons of CO2) 

TOTAL CO2 

EMISSIONS 

(tons of CO2) 

Internal 

mobility 

(tons of 

CO2) 

Primary 

Sector 

fuels (tons 

of CO2) 

Aviation 

(tons of 

CO2) 

Industrial & 

Residential 

sectors (tons of 

CO2) 

Total fuels 

and gases 

(tons of 

CO2) 

2015 134,337 12,857 58,211 47,729 253,133 370,629 623,762 

2016 135,963 11,803 70,185 34,678 25,263 373,447 626,077 

2017 141,787 12,729 87,857 41,141 283,514 389,801 673,315 

2018 14,536 14,601 80,858 41,703 282,521 402,849 68,537 

2019 146,993 14,538 79,024 41,484 28,204 404,347 686,387 

2020 109,928 16,423 23,293 25,239 174,884 295,789 470,673 

 

4.3. Economic Variable: GVA 

The economic variable of the gross value added (GVA) refers to the amount of monetary value that 

each sector was able to generate under the time frame of the study. In the case of the pandemic 

lockdown, studying the changes of this variable in relation to previous metabolic states of Menorca 

is of special interest as it can help understand which levels of the system were most and least affected 

by the lockdown conditions in terms of socio-economic productivity. This variable accounts for only 

the paid work sector to produce economic value.  

The GVA of the agricultural sector was taken from the agricultural and fishery statistics document 

form the Balearic Islands government (GOIB, 2020d) (see table 12). And the GVA for the industry 

and services sectors has been calculated by multiplying the interannual variation of the GVA of each 

sector (OBSAM, 2020c) (see figure 5), starting from the 2015 data given by Marcos-Valls et al. 

(2020). Then, the GVA of Menorca at level n is simply the sum of each sector’s GVA.  

Table 12. Estimation of primary sector production in the Balearic Islands in 2020, in euros (€). Source: GOIB, 

2020d. 

Primary Sector Balearic Islands Mallorca Menorca Eivissa Formentera 

Agricultural production (€) 143,649,346 130,311,185 9,561,655 3,432,313 344,193 

Livestock production (€) 57,035,125 30,070,072 25,756,213 1,130,388 78,453 

Fishing (€) 34,394,469 28,297,798 2,685,641 2,261,128 1,149,903 

Total (€) 235,078,940 188,679,055 38,003,508 6,823,829 1,572,548 

Total (%) 100% 80% 16% 3% 1% 
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Figure 5. Yearly percentile variation of the Gross Value Added of the construction (dark blue), industrial 

(blue) and services (orange) sectors in Menorca from 2015-2020. Source: OBSAM, 2020c 

 

5. Results & Discussion 

This following section showcases the final results after the data collection and treatment, and 

provides the updated metabolism of Menorca for 2020. It also provides commentary discussing the 

results of Menorca’s 2020 metabolism. 

 

5.1. Funds 

5.1.1. Human Activity (HA) 

As explained in section 4.1.1. the Human Activity fund has been expanded for this work. Hence, two 

separate Human Activity matrixes are represented. Table 13 presents Menorca’s HA matrix following 

the same method as Marcos-Valls et al. (2020), as it acts as a window to see what the metabolism of 

Menorca would have looked like in 2020 without the effects of the pandemic lockdown – i.e., rising 

unemployment figures and the number of temporarily inactive workers under ERTE. Table 14 shows 

the human activity calculated using the expanded method explained in section 4.1.1. 
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Table 13. Human Activity Matrix of Menorca for 2020 calculated with the same method as Marcos-Valls et 

al. (2020), without accounting for the effects of the pandemic lockdown, in millions of hours (Mh). 

Human Activity (HA) - Millions of hours per year  2020  

Level n Menorca 1,042.54 

  Level n-1    Households (HH) 989.77 

    Level n-2 
      Permanent Residents (PR) 837.82 

      Temporary Residents (TR) 151.95 

  Level n-1    Paid Work (PW) 52.77 

    Level n-2 

      Agriculture (AG) 0.98 

      Industry, Construction and Manufacturing (ICM) 9.36 

      Services and Government (SG) 42.43 
 

Table 14. Human Activity Matrix of Menorca for 2020 calculated with expanded method accounting for part -

time contracts, number of employed people and number of people under ERTE, in millions of hours (Mh). 

Human Activity (HA) - Millions of hours per year 2020 

Level n Menorca 1,042.54 

  Level n-1    Households (HH) 989.77 

    Level n-2 
      Permanent Residents (PR) 837.82 

      Temporary Residents (TR) 151.95 

  Level n-1    Paid Work (PW) 32.83 

    Level n-2 
      Agriculture (AG) 0.76 

      Industry, Construction and Manufacturing (ICM) 6.68 

      Services and Government (SG) 25.38 

  Level n-1    Time Paid but Not Worked (TPNW) 19.95 

    Level n-2 

      Agriculture (AG) 0.22 

      Industry, Construction and Manufacturing (ICM) 2.68 

      Services and Government (SG) 17.05 

 

The difference in the hours of human activity between the two methods is clearly visible at the Paid Work 

level. In table 13, where the number of people unemployed and under ERTE – temporarily laid off but not 

accounted as unemployment – are not considered, Menorca counts with more hours of human activity 

available at the Paid Work level, especially in the Services and Government sector. Table 14 shows the 

calculations of the hours of human activity accounting for the number of hours of activity lost due to the high 

unemployment rate and ERTEs under a new subdivision for at the level n-1 titled “Time Paid but Not Worked” 

(TPNW). This new sub-level displays the hours of work that the ERTEs and unemployment have taken up 

from Menorca’s total available human activity. Meaning that this level estimates the hours of activity “lost” 

due to the ERTEs and high unemployment, consequences of the pandemic lockdown restrictions. When 

factoring in the TPNW level the number of paid work hours see a considerable drop, particularly for SG as it 

was the most affected economic sector in Menorca during the pandemic, and also the one employing the 

greatest number of workers. This difference in the human activity fund exemplifies the importance of the pre-

analytical choices and definition of the system, where the chosen method to calculate the HA fund can change 

considerably the metabolism of the system.  

The ERTE measure was prominently used during 2020 and 2021 as one of the response measures to the 

pandemic, rising to an average of 24% of the workforce affiliated to the TGSS being put under ERTE. 

Accounting for unemployment is also of relevance, since the number of unemployed people rose from an 

average of 3,600 in 2019 (GOIB, 2019) – a 12% of the workers affiliated in the Spanish social security system 

– to 5,500 (GOIB, 2020a) – a 19% out of the workers in the TGSS. However, the estimation of the hours of 

human activity which do not account for those particularities of the pandemic lockdown shown in table 13 

allows to also consider what Menorca’s metabolism could have looked like in 2020 if the pandemic had not 
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occurred. Comparing both estimations of the HA fund one can see that Menorca would have had more hours 

of paid work activity, especially in the SG sector in which the number of hours would have been almost 

doubled. The ICM sector, though not as prominent as the SG sector, has still seen a considerable reduction of 

its hours of activity – having lost around 3.6 million hours, while activity in the AG sector has remained 

seemingly unaffected compared to the other economic sectors.  

Still, even when considering the effects of the pandemic in the hours of human activity shown in table 14, at 

level n, Menorca had more available hours in 2020 than in 2015. Marcos-Valls et al. (2020) estimated a total 

of 974 million hours available in Menorca in 2015, compared to the 1,042 million hours estimated for 2020 in 

this study. This might seem surprising due to the severe reduction in activity being one of the key consequences 

of the pandemic lockdown, however this raise in hours of activity is tied with a raise in Menorca’s population. 

Though the average human pressure in the island did indeed decrease – from 124,662 people in 2015 

(IBESTAT, 2015a) to 112,987 in 2020 (see table 3) – the censed population in the island increased from 

92,348 (IBESTAT, 2015b), to 95,641 registered residents in 2020 (IBESTAT, 2020c). This decrease in the 

average human pressure indicates a drop in touristic activity on the island compared to 2015, and the increase 

in the number of permanent residents is the factor that drives up the number of available hours of activity. 

However, the hours of activity dedicated to the PW sector did see a decline from Menorca’s 2015 metabolism 

– from an estimated 56 million hours (Marcos-Valls et al., 2020) to the nearly 33 million shown in table 14 – 

which confirms the negative effects of the lockdown restriction on economic activities. Out of all sectors at 

the PW level, the SG sector has seen the highest decline in hours of activity, matching the decline of the 

touristic activities derived from the pandemic restrictions. 

Even though the hours of PW are low since they constitute only a fraction of the available time within a day, 

Menorca’s 2020 metabolism shows a particularly low number of hours dedicated to PW activities with only a 

3% of the total available hours. Even if we consider the results of table 13, the hours of PW constitute only a 

5% of the total, when for Catalonia’s metabolism they account for 10% of the total human activity 

(Giampietro, Mayumi and Şorman, 2013). This low activity of the PW sector shows the severity of the 

lockdown restrictions to movement to non-essential activities, especially considering that Menorca’s main 

economic activity is the touristic sector, which was obviously not considered as essential during the pandemic. 

Still, the SG dominated the hours of economic activity, taking 77% of the total hours dedicated to PW even in 

the restrictive lockdown conditions. This distribution only accentuates the importance of the SG sector in 

Menorca, and it can be attributed to the summer months when Spain did not have an emergency state and the 

lockdown restrictions were more permissive. 

5.1.2. Land Use (LU) 

Table 15 presents the Land Use fund data estimated for Menorca’s 2020 metabolism. The agricultural 

sector takes up the most land out of all of Menorca’s PW activities (89%), then the services and 

governance sector (9%), and the industry sector which barely takes 1%. The households take up the 

least out of Menorca’s total land availability (3%) , while the PW level takes 47%. Most of the land 

in Menorca, however, falls into the non-managed land (NML) category (around 50%), which 

constitutes the hectares not dedicated to any economic activities or to housing, such as forests and 

preserved areas. This is an important factor to Menorca’s metabolism, as its status as a biosphere 

reserve limits the amount of land area that can be allocated to economic activities .  

The Spanish land use of 2018 has a similar distribution, where PW activities used 47% of the 

available land, non-managed land accounted for 52%, and the agricultural sector dominated the other 

economic activities taking up 97% of the land used at the PW level (IGN-CNIG and AEMA, 2019). 

Menorca’s agricultural land use falls short compared to the Spanish agricultural land use, which also 

limits the agricultural production that Menorca is capable of. This fact reinforces Menorca’s 

metabolic system as one which places more importance on services and relies on external imports to 

compensate for its limited agricultural production.    
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Table 15. Comparison of the Land Use Matrixes of Menorca of 2020, in hectares (ha). Source: OBSAM, 2018; 

GOIB 2020d; Marcos-Valls et al., 2020. 

Land Use (LU) - Hectares 2020  

Level n Menorca 69,480.00 

  Level n-1    Households (HH) 1,920.00 

    Level n-2 
      Permanent Residents (PR) -- 

      Temporary Residents (TR) -- 

  Level n-1    Paid Work (PW) 32,517.00 

    Level n-2 

      Agriculture (AG) 29,037.00 

      Industry, Construction and Manufacturing (ICM) 540.00 

      Services and Government (SG) 2,940.00 

  Level n-1    Non-Managed Land (NML) 35,043.00 

 

5.2. End Use Matrixes (EUM)  

5.2.1. Energy Throughput (ETi)  

Table 16 presents the results of Menorca’s energy throughput of 2020, specifying the different energy 

uses at all levels. Out of all energy types for the whole of Menorca (n), it is the energy consumed in 

the form of electricity who stands as the largest energy source for Menorca’s energetic throughput, 

comprising more than half (62%) of the total throughput. The second largest contributor to Menorca’s 

energy throughput is the consumption of fuels with a share of roughly 32%, and then would come the 

energy used for heating purposes as the lowest form of energy consumption in the island comprising 

the remaining 6%. This distribution has remained similar to Menorca’s 2015 metabolism, where 

electricity consumption took 50% of the total throughput, fuels took 46% and heating took 3% 

(Marcos-Valls et al., 2020). Although, the total energy throughput of Menorca has decreased from 

the 2015 throughput on all energy types except for heating, which has seen a slight increase in total 

consumption.  

This behavior can be attributed as a consequence of the pandemic lockdown, where the drop in PW 

activity has translated into a lower energetic demand. The raise in heating energy consumption can 

also be explained due to lockdown movement restrictions forcing people to stay indoors more than 

they used to, especially considering that the most restrictive measures took place during colder 

months. This can be seen in the heating distribution on table 16, where HH consume more than half 

(53%) of the energy destined to heating while PW activities consume the lower half (47%), in contrast 

with the distribution of heating for Menorca’s 2015 metabolism which was inverted and PW activities 

consumed more than half of the heating energy.  

The consequences of the lockdown restrictions can also be seen on the distribution of electricity 

consumption between the HH and PW sectors. During 2020 the households were the main consumers 

of electrical energy, whereas in 2015 it was the PW sector who consumed more electricity. This again 

matches the lockdown restrictions that forced people to remain at home more than usual, and the 

decline in economic activities was matched with a decline in the energy demand at the PW level.  

Out of all the economic sectors it is the SG sector the one consuming the most total energy at the 

paid work level, (85%). The industrial (ICM) and agricultural sectors (AG) in contrast consume only 

an 8% an 7% respectively of the total energy consumed at the PW level. The SG sector dominates 

the consumption of all energy types, followed by the ICM sector and then AG with the exception of 

fuels where the AG sector consumes more energy than the ICM sector. This dominance in energy 

consumption by the SG sector only reinforces its importance to Menorca’s economic activities, even 

in the context of the pandemic lockdown where the activity of the sector has been severely affected.  
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Table 16. Menorca’s Energy Throughput Matrix of 2020 , in gigajoules (GJ) and megawatts hour (MWh). 

Source: Own elaboration. 

  2020 

Energy Throughput (ET) - 

Thermal Equivalent (GJ) 

Total ET 

(GJ) 

Electricity - 

Mechanic 

(MWh) 

Electricity - 

Thermal 

Equivalent (GJ) 

Heat (GJ) Fuel (GJ) 

Level n Menorca 6,390,497.15 381,312.98 3,980,907.47 376,515.05 2,033,074.63 

  Level n-1    HH 2,334,832.07 201,336.70 2,101,955.13 197,741.42 35,135.53 

    Level n-2 
      PR -- -- -- -- -- 

      TR -- -- -- -- -- 

  Level n-1    PW 4,054,948.65 179,907.65 1,878,235.90 178,773.64 1,997,939.11 

    Level n-2 

      AG 293,557.67 8,071.50 84,266.45 286.05 209,005.17 

      ICM 306,003.03 24,852.20 259,456.97 30,462.54 16,083.53 

      SG 3,455,387.94 146,983.95 1,534,512.49 148,025.05 1,772,850.41 

 

Next, the metabolic rates for Menorca’s energy throughput are presented in tables 17 and 18. These 

metabolic rates establish the relationships between the funds and flows of the metabolic system, 

representing how much energy is consumed per hour of activity for the energy metabolic rate (EMR) 

(table 17), and how much energy is consumed per hectare of land for the energy metabolic density  

(EMD) (table 18). Note that the metabolic rates work a bit differently than the flow throughputs in 

regards as to how they add up between each other.  

Table 17. Menorca’s Energy Metabolic Rate of 2020, in megajoules per hour (MJ/h) and kilowatts hour per 

hour (KWh/h). Source: Own elaboration. 

 2020 

Energy Metabolic Rate 

(EMR)  

Total ET 

(MJ/h) 

Electricity - 

Mechanic 

(KWh/h) 

Electricity - Thermal 

Equivalent (MJ/h) 

Heat 

(MJ/h) 

Fuel 

(MJ/h) 

Level n Menorca 6.25 0.37 3.89 0.37 1.99 

  Level n-1    HH 2.36 0.20 2.12 0.20 0.04 

    Level n-2 
      PR -- -- -- -- -- 

      TR -- -- -- -- -- 

  Level n-1    PW 123.53 5.48 57.22 5.45 60.87 

    Level n-2 

      AG 384.86 10.58 110.47 0.38 274.01 

      ICM 45.80 3.72 38.84 4.56 2.41 

      SG 136.13 5.79 60.46 5.83 69.85 

 

Even though the PW level had a significantly lower number of hours of activity compared to the HH 

sector, the demand for energy was considerably higher, reflecting the energy intensity of the 

economic sector under study in Menorca’s metabolic system. Within the n-1 PW level can also be 

found the highest EMR of Menorca’s metabolic system  in the agricultural sector, which is mainly 

due to its high use of fuel energy per hour of activity. The SG sector presents the second highest 

EMR of the economic sectors, which also is mainly due to a high use of fuels per hour but to a lesser 

proportion than the AG sector. Considering that the energy throughput for fuel was also the highest 

at the PW level, it can be seen that Menorca’s metabolism is very fuel -dependent. Though the high 

EMR for the agricultural sector can be explained due to its low hours of activity, the services sector 

is still very fuel intensive. The SG sector also has the second highest rate of electricity use per hour 

of activity, second only to the AG sector. ICM is the only economic sector in which the highest EMR 

for energy type is not fuel energy. Rather, the highest energetic use per hour of activity in the ICM 
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sector is electricity consumption, but is heat energy EMR is the second highest out of all the economic 

sectors. The ICM sector has overall pretty modest EMRs, indicating a more efficient use of energy 

relative to their hours of activity. The household sector also scores low EMRs. It has to be considered 

that even though the energy thought at HH level increased during the pandemic lockdown, so did the 

hours of activity allocated to it, which in perspective shows a low hourly consumption of energy.  

Table 18. Menorca’s Energy Metabolic Density of 2020, in megajoules per hectare (MJ/ha) and megawatts 

per hectare (MW/ha). Source: Own elaboration. 

 2020 

Energy Metabolic 

Density (EMD)  

Total ET 

(MJ/ha) 

Electricity - 

Mechanic 

(MWh/ha) 

Electricity - 

Thermal 

Equivalent 

(MJ/ha) 

Heat 

(MJ/ha) 

Fuel 

(MJ/ha) 

Level n Menorca 91,976.07 5.49 57,295.73 5,419.04 29,261.29 

  Level n-1    HH 1,216,058.37 104.86 1,094,768.30 102,990.32 18,299.75 

    Level n-2 
      PR -- -- -- -- -- 

      TR -- -- -- -- -- 

  Level n-1    PW 124,702.42 5.53 57,761.66 5,497.85 61,442.91 

    Level n-2 

      AG 10,109.78 0.28 2,902.04 9.85 7,197.89 

      ICM 566,672.29 46.02 480,475.86 56,412.12 29,784.31 

      SG 1,175,302.02 49.99 521,943.02 50,348.66 603,010.34 

 

Table 18 shows a lower scale of energy usage per hectare of land used. The highest EMD for the total 

energy throughput is achieved by the HH sector, closely followed by the SG sector. As with the 

energy metabolic rates, the main cause of the household’s EMD is the  use of electric energy. Again, 

the distribution of the energy consumed indicates the SG as the most energy intensive economic 

sector per hectare of land, mainly due to the high consumption of fuel energy. It is also interesting to 

see the drastic change between both metabolic rates for the agricultural sector. It has the highest 

energy use per hour of activity but the lowest energy use per hectare of land, which is understandable 

considering the low hours of human activity on the AG sector compared to the high hectares of land 

that it uses.   

5.2.2. Water Throughput (WT) 

Table 19 shows the water throughput, water metabolic rate (WMR) and water metabolic density 

(WMD) of the system. As with the energy throughput, the total consumption of water at level n has 

decreased from its 2015 metabolism. For 2015 it was estimated that at level n Menorca consumed 

26.60 million cubic meters (Mm3) (Marcos-Valls et al., 2020), while the estimation for 2020 is 22.52 

Mm3. The water throughput at level n-1 follows a similar distribution as the energy throughput, where 

PW activities consume the most amount of water (64%), and HH take up to 36% of the water 

consumption in Menorca’s metabolic system. This distribution of the water consumed at level n-1 

has changed from 2015, where the HH sector used a lesser proportion of the water (23%) than the 

PW sector did (77%) (Marcos-Valls et al., 2020). The new water consumption distribution at level 

n-1 corroborates the same effects that the lockdown restrictions had on Menorca’s metabolism as 

with the energy throughput. It can be observed a pattern of increased consumption of the households 

due to the increased amount of time spent at home by the people and workers  who could not freely 

go to work or engage in other activities. Still, the metabolic pattern of Menorca during 2020 shows 

that even with the strict movement restrictions that restricted non-essential activities, the PW sector 

consumed more resources than the HH where the most hours of activity were concentrated.  
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At level n-2 within the PW sector, agriculture is responsible for the biggest consumption of water 

out of all economic sectors (82%), presenting an increased water usage than in Catalonia which uses 

around 70% of the total water throughput for agriculture (Madrid, Cabello and Giampietro, 2013). 

SG comes in second for highest water consumption at the PW level, but to a considerably lesser 

proportion than AG – taking just 16%, and the industrial sector consuming only a 1% of the water at 

the PW level. The Spanish metabolic profile shows similarities in the order of the PW sectors which 

consume more water but presents a different distribution, where out of the total water withdrawal, 

agriculture uses 65%, industrial water takes 19% and the remaining 16% goes for municipal uses 

(FAO, 2019). Both SG and ICM sectors in Menorca have seen a reduction in their water consumption 

from 2015, but the AG sector’s water usage has seen a slight increase. This could be interpreted as a 

consequence of the reduction in imports derived from the pandemic travel restrictions , forcing 

Menorca to rely more on its own food production. 

Continuing with the water metabolic rate, all levels present low figures of water usage per h our of 

activity with the exception of the agricultural sector, which consumes up to 35 times more m 3 of 

water per hour of activity than the second largest WMR at the PW level. For the water metabolic 

density, the figures are not quite as low as with the WMR, with the lowest density consuming up to 

313m3 of water per hectare of land dedicated to the industrial sector . The agricultural sector comes 

as the second biggest consumer of water per hectare out of all economic sectors, and the biggest 

being the SG sector. However, at level n-1 of analysis, the WMD of the paid work sector does not 

come close to that of the household sector, which is nearly 9 times higher. This high WMD at the HH 

level is explained by the relatively small area of land the HH use compared to the other levels of 

analysis.  

Table 19. Menorca’s Water Throughput Matrix; Water Metabolic Rate and Water Metabolic Density of 2020 , 

in millions of cubic meters (Mm3), cubic meters per hour (m3/h) and cubic meters per hectare (m3/ha). Source: 

Own elaboration. 

Water Throughput (WT) - 

Millions of cubic meters 
2020  

Water Metabolic 

Rate (WMR) - m3/h 

Water Metabolic Density 

(WMD) - m3/ha 

Level n Menorca 22.52 0.02 324.11 

  Level n-1    HH 8.20 0.01 4,269.87 

    Level n-2 
      PR -- -- -- 

      TR -- -- -- 

  Level n-1    PW 14.32 0.44 440.42 

    Level n-2 

      AG 11.79 15.46 406.06 

      ICM 0.17 0.03 312.96 

      SG 2.36 0.09 803.23 

5.2.3. Economic Variable: GVA 

After having examined the energy and water flow throughputs of Menorca, we can examine how 

much revenue each economic sector has generated as total GVA, as well as examine their job and 

land productivities (see table 20). The household sector is not contemplated for the estimation of 

gross value added since it acts as a sink of GVA, and does not generate GVA. The examination of 

the GVA generated then includes only the paid work sector given the definition of the metabolic 

system for this work. 

The highest generator of GVA is the SG sector, factoring in about 73% of the total GVA generated . 

The ICM sector comes in second contributing 24% of the island’s GVA, and then comes the AG 

sector generating the remaining 3%. This distribution of GVA has remained very similar to 

Menorca’s prior metabolic study, where it was estimated that the SG generated 77% of the GVA, 

ICM generated 21% and AG’s contribution was a mere 1% (Marcos-Valls et al., 2020). However, the 

amount of total value generated in Menorca in 2020 was considerably lower compared to that of 
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2015. The total GVA at level n has decreased by a 15%, from 1590M€ to the 1357M€ estimated in 

this study. This decrease in GVA has been mainly due by the underperformance of the SG sector, 

who has seen a 19% decrease in its GVA from 2015, as its economic activities were the most affected 

by the travel restrictions. The industrial sector however, did not see much of a decline in the GVA 

generated, decreasing only a 4% from its 2015 value. The ICM sector seems to have been relatively 

unaffected economically, as it has been able to almost maintain its GVA even with a relatively low 

reductions in energy throughput (10%), and a more severe 85% decrease in water throughput. The 

AG sector on the other hand has actually seen a 153% increase in GVA generated, more than doubling 

the 15M€ it generated on 2015 (Marcos-Valls et al., 2020). Again, this is another indicator of an 

increase in local agricultural activity in response to the reduced imports, though the AG sector 

remains as the lowest total GVA contributor to Menorca’s economy.  

However, when it comes to economic productivity, the AG sector has the highest productivity of all 

economic sectors, closely followed by the ICM sector. And while  SG provide the highest GVA, is 

also generates the lowest amount of economic value per hour of activity. Moving on to land 

productivity, AG provides the lowest GVA per hectare of land, the SG sector generates the second 

highest ELP and ICM takes first place for the highest GVA per hectare. This drastic change in the 

AG sector from job productivity to land productivity can be explained due to the high share of land 

that agriculture requires, whereas the ICM and SG sectors do not require as much land to gener ate 

more economic value.  

Table 20. Menorca’s Gross Value Added Matrix; Job Productivity and Land Productivity of 2020, in millions 

of euros (M€), euros per hour (€/h) and euros per hectare (€/ha) . Source: Own elaboration. 

  2020 

Gross Value Added (GVA) 

- Millions of euros 

2020 pandemic 

lockdown 

Job Productivity 

(EJP) - €/h 

Land Productivity 

(ELP) - €/ha 

Level n Menorca 1,357.16 1.33 19,533.16 

  Level n-1    HH -- -- -- 

    Level n-2 
      PR -- -- -- 

      TR -- -- -- 

  Level n-1    PW 1,357.16 41.34 41,737.06 

    Level n-2 

      AG 38.00 49.82 1,308.68 

      ICM 325.58 48.73 602,917.63 

      SG 993.59 39.15 337,955.24 

 
 

5.2.4. Environmental Pressure Matrix (EPM) 

The last flow studied in Menorca’s metabolic system is shown  in an environmental pressure matrix 

(EPM). Table 21 summarizes the tones of CO2 generated at each level of analysis and for each energy 

type studied. Out of all energy types, the main contributor to Menorca’s total emissions is electricity 

(62%), followed by fuel usage (32%) and lastly, heating (5%). As the consumption of energy in 2020 

decreased due to the loss of economic activity derived from the pandemic lockdown, it is expected 

that the total emissions also declined. Menorca’s CO2 emissions derived from energy uses has 

decreased by 32% compared to 2015 (Marcos-Valls et al., 2020). The biggest reduction of emissions 

is found for the fuel energy usage (48%), followed by a 24% reduction for electricity. However, the 

emissions due to heat energy use have actually increased by 38%, which is tied with the 28% increase 

caused mainly by the households increased consumption of heat energy.  The disparity in both 

increases, with the increase in emissions being of higher proportion than the increase in energy use, 

indicates a more inefficient use of energy where the HH have contributed more emissions per unit of 

energy consumed.  
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Looking at the total emissions for all energy types, the SG sector is responsible for the majority of 

the island’s total CO2 emissions (54%) which is a consequence of its high fuel and electricity usage. 

In fact, the SG sector is responsible for the highest emissions in all energy types out of all economic 

sectors, contributing an 85% of the total emissions at the PW level. This was to be expected 

considering that the SG sector was the biggest energy consumer, especially considering its high fuel 

usage. There has been a reduction of 44% in the emissions of the SG sector during the lockdown 

compared to 2015, which when compared to the 38% decrease in total energy consumption of the SG 

sector suggests a more efficient use of the energy. The ICM sector has also seen a reduction of total 

emissions by 22%, while the AG sector has increased its emissions by 20%.  

After SG, the HH sector scores the second highest total emissions (36%), which are due mainly to its 

electricity consumption (90% of the emissions at HH level). The households contribute more 

emissions for electricity and heat than the PW sector which coincides with their energy use 

distribution, though the distribution is pretty even (53% to 47% for both electricity and heat 

emissions). Compared to 2015 the total emissions at the HH level have decreased a 10%. For each 

energy type, the emissions due to electricity have been reduced by 11%; fuel emissions have 

decreased 72%; and heat emissions have increased by 53%. These changes in emissions are quite 

unique, but so was the lockdown situation in 2020. The great reduction in fuel emissions at the HH 

level is a consequence of the movement restrictions since people forced to stay indoors did not use 

the car as often as they used to, as is the increase in heat emissions. The other economic sectors, AG 

and ICM, score a lower total of emissions, each contributing a 5% to Menorca’s total emissions.  

For the fuel emissions the contributions at level n-1 are greatly unbalanced. The HH sector 

contributes only a 2% of the total emissions due to fuel usage, while the PW sector is responsible for 

98%. Within PW, it is the SG sector again the one scoring the highest emissions out of all economic 

sectors, contributing an 87% out of the total fuel emissions, followed by the AG sector with a 10% 

contribution. It is also worth noting that at level n-2, all energy types present a similar distribution 

of the sectors with lower and higher emissions, with AG being the lowest, then coming ICM and SG 

being the main contributor. The only exception is in the emissions due to fuel usage, where ICM 

becomes the lowest contributor and AG takes second place. 

Table 21. Environmental Pressure Matrix for Menorca’s Carbon Emissions of 2020, in tonnes of CO2. Source: 

Own elaboration. 

  2020 

Carbon Emissions (CE) - tonnes 

of CO2 (t) 

Total CE (t 

CO2) 

CE for Electricity 

(t CO2) 

CE for Heat (t 

CO2) 

CE for Fuel (t 

CO2) 

Level n Menorca 451,196.27 280,774.89 24,611.74 145,809.65 

  Level n-1    HH 163,928.03 148,278.36 13,130.45 2,519.22 

    Level n-2 
      PR -- -- -- -- 

      TR -- -- -- -- 

  Level n-1    PW 287,268.25 132,496.52 11,481.29 143,290.43 

    Level n-2 

      AG 20,958.75 5,944.41 28.66 14,985.67 

      ICM 21,707.61 18,302.89 2,213.33 1,191.39 

      SG 244,601.89 108,249.22 9,239.30 127,113.37 

 

Table 22 showcases Menorca’s carbon metabolic rate (CMR) for 2020, which represents the amount of 

kilogrammes of CO2 emitted per hour of activity at each level of analysis and for each energy type. First, 

taking a look at the CMR of the total carbon emissions of Menorca at level n-1, it can be seen that the paid 

work sector scores the highest emissions per hour of activity, while the HH sector has a very low CMR. At 

level n-2, it is the AG sector who has the highest CMR for total emissions, electricity emissions and fuel 

emissions. It is worth remembering that the AG had the least amount of hours of activity, very few hours were 

spent in agricultural activities compared to the other economic sectors in Menorca. The services sector comes 

second for most total emissions per hour of activity, even with the severe reduction in HA that the SG sector 



45 

has seen during the lockdown. The same pattern can also be spotted for the emissions due to electricity used, 

where AG scores the highest CMR followed by the SG sector, then comes the ICM sector and the HH with 

the lowest CMR. For the emissions due to heating purposes, this pattern changes a bit. The AG sector passes 

to have the lowest CMR of all economic sectors, with the highest going for SG, and then ICM. Interestingly, 

even though the HH sector has seen an increase in heat energy consumptions since 2015, it scores the lowest 

CMR out of all levels of analysis, due to the high hours of activity allocated to that sector. Lastly, for fuel 

emissions the same pattern as for electricity and total emissions emerges again. AG scores the highest CMR 

for fuel emissions, then comes the SG and ICM sectors, while HH emit a considerably low amount of 

emissions due to fuel use per hour of activity.  

Table 22. Menorca’s Carbon Metabolic Rate of 2020, in kilograms of CO2 per hour. Source: Own elaboration. 

 2020 

Carbon Metabolic Rate 

(CMR)  

Total CE (kg 

CO2/h) 

CE for Electricity (kg 

CO2/h) 

CE for Heat (kg 

CO2/h) 

CE for Fuel (kg 

CO2/h) 

Level n Menorca 0.44 0.27 0.02 0.14 

  Level n-1    HH 0.17 0.15 0.01 0.00 

    Level n-2 
      PR -- -- -- -- 

      TR -- -- -- -- 

  Level n-1    PW 8.75 4.04 0.35 4.37 

    Level n-2 

      AG 27.48 7.79 0.04 19.65 

      ICM 3.25 2.74 0.33 0.18 

      SG 9.64 4.26 0.36 5.01 

Next is the carbon metabolic density (CMD) shown in table 23, which represents the emissions per 

hectare of land at each level of analysis and for each energy type. The carbon metabolic density 

presents a different scale and pattern of emissions for Menorca’s system. Regarding the total CO2 

emissions, the household sector scores the highest emissions per hectare but following closely is the 

SG sector. The CMD of the ICM sector is nearly half of the SG sector, and AG scores a very low 

number of kg of CO2 per hectare in comparison to all other levels of analysis for all energy types. 

Looking into the electricity emissions, the HH sector stands out as the highest emitter per hectare , 

the next would be the SG sector and the ICM sector following closely. Moving on to the emissions 

due to heating, the HH sector still holds first place for the highest CMD, but this time it is the ICM 

sector which comes second and the SG which follows. The AG sector scores the lowest CMD in all 

of table 23 for the emissions related to heating. Lastly, the SG holds the highest CMD for the 

emissions due to fuel usage, followed by ICM, then HH, and AG coming last as with the other types.  

Table 23. Menorca’s Carbon Metabolic Density of 2020, in kilograms of CO2 per hectare. Source: Own 

elaboration. 

 2020 

Carbon Metabolic Density 

(CMD)  

Total CE (kg 

CO2/ha) 

CE for Electricity 

(kg CO2/ha) 

CE for Heat (kg 

CO2/ha) 

CE for Fuel (kg 

CO2/ha) 

Level n Menorca 6,493.90 4,041.09 354.23 2,098.58 

  Level n-1    HH 85,379.18 77,228.31 6,838.77 1,312.09 

    Level n-2 
      PR -- -- -- -- 

      TR -- -- -- -- 

  Level n-1    PW 8,834.40 4,074.68 353.09 4,406.63 

    Level n-2 

      AG 721.79 204.72 0.99 516.09 

      ICM 40,199.27 33,894.24 4,098.76 2,206.27 

      SG 83,197.92 36,819.46 3,142.62 43,235.84 
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6. Conclusions & future work 

As a direct effect of the lockdown regulations disallowing non-essential activities and forcing the 

population to stay indoors unless necessary, the hours of human activity in all of Menorca’s economic 

sectors have been significantly low, while the activity in the households has increased. For the whole 

of Menorca, this meant a global reduction in energy and water consumption due to the reduced 

activity of all economic sectors demanding a lower energy and water throughput to perform their 

activities, while the households have seen an increased consumption of both energy and water. As a 

consequence of the reduced use of energy, especially fuel energy, the emissions of both paid work 

and household sectors have also been lowered. This reduction trend extends to the economy as well, 

with a significant reduction in the total gross value added that the economic sectors were able to 

generate. Since during the emergency states all non-essential activities were restricted, all economic 

sectors were affected by the reduced economic activity they were able to produce. The services and 

government sector – which includes transportation and tourism – was the most affected by these 

regulations, which not only translated into a lower energy and water demand as well, but a significant 

reduction of its economic contribution to Menorca’s economy. However, it still proved to be the 

biggest gross contributor to Menorca’s economy even in a situation where tourism and transportation 

were severely restricted to avoid the spread of the virus, reinforcing the importance and dependence 

of tourism on Menorca’s metabolism. Though the fact that during part of the summer season there 

was no emergency state in place helped the services sector to reduce the losses in revenue, there is 

no denying that the sector was heavily affected by the lockdown, and while it was able to maintain 

the biggest GVA out of all economic sectors it is worth examining how both the industrial and 

agricultural sector were affected by the lockdown. 

If we examine the behavior of the industry, construction and manufacturing sector during 2020, we 

can observe that even though the hours of human activity dedicated to it have also been low, the 

reduction in activity has not been nearly as severe as with the services sector. The industrial sector 

has also consumed a low share of the energy and water throughputs on the island, and also contributed 

a small percentage to Menorca’s total CO2 emissions. With these data into consideration, it must be 

noted that the industrial sector was the second main contributor to Menorca’s GVA, being able to 

produce a third of the GVA generated by the services sector, using only a 9% of the energy and 7% 

of the water used by the services sector. When looking at its metabolic performance, we also find 

that the industrial sector beats the service sector in both energy and water metabolic rates – using a 

lower amount of energy and water per hour of activity – and in both energy and water metabolic 

densities – using less energy and water per hectare of land occupied. These data show the industrial 

sector outperforming the service sector in relative terms, but still falls short in the total amount of 

GVA generated.  

The agricultural sector has shown perhaps the most interesting behavior under the lockdown out of 

all three economic sectors under study. Regarding the hours of activity lost because of the lockdown 

regulations, it seems that the agricultural sector has been the most unaffected one since the hours of 

human activity previously dedicated to agriculture in Menorca were almost as l ow as the ones 

estimated for 2020. Agriculture also has the lowest total energy consumption (but very close with the 

industrial sector), but the highest water usage being the water-intensive activity that it is. And in fact, 

both the energy and water use for agriculture has seen an increase from the previous metabolic 

estimation from 2015. The agricultural sector also shows the lowest emissions but not too far from 

those of the industrial sector. However, what is most interesting is that the GVA generated by the 

agricultural sector has seen a significant increase, more than double than that of 2015. These increases 

in resource use and GVA generated by the agricultural sector indicate that despite the low hours of 

activity used in the sector the agricultural activity has intensified. The increase in the carbon 

emissions by the agricultural sector corroborates this intensification of activity.  
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6.1. What was the use of energy and water, CO2 emissions, and 

gross value added of each socio-economic activity in 

Menorca during the COVID-19 lockdown? 

The results for Menorca’s metabolic analysis of 2020 show, at level n, a general trend of reduction 

from 2015 data, even though the household level has seen an increase in hours of activity and use of 

energy and water – which is a consequence of the lockdown restrictions forcing people to stay home 

more hours that they used to. For the whole of Menorca, the metabolic flows of energy, water, and 

carbon emissions, and also the economic variable included in the metabolic analysis – the gross value 

added generated by each economic sector – have all seen a reduction due to the lower activity at the 

paid work level derived from the lockdown restrictions. All economic sectors show less hours of 

human activity dedicated to them; the total energy throughput at each sector is lower, as well as the 

water throughput (with the exception of the agricultural sector whose consumption of water is very 

similar to that of 2015); carbon emissions have been reduced (again here, the agricultural sector is 

an exception who has increased its emissions compared to the 2015 data) ; and the gross value added 

generated by each sector has been lower in 2020 (once again, the agricultural sector is an exception 

and instead has seen an increase in GVA). This trend coincides with what is expected from a 

lockdown state where non-essential activities needed to be restricted, and internal production of the 

island was limited in order to stop the spread of the virus. In this particular context, the causes of the 

isolation of the island were product of a global pandemic, however it can be expected that  a similar 

metabolic behavior can be expected in other contexts where Menorca becomes isolated  due to other 

factors. Recent examples include the accident in the submarine cable that provides electricity from 

Mallorca to Menorca in 2017, who rendered Menorca without this external source of electricity for 

almost two years until it a new connection was established in 2020; and the threat of a gas shortage 

as a consequence of Russia’s invasion of Ukraine, either because of EU sanctions or regulations on 

Russian gas, or an active shortage in imports from Russia towards Europe.  

From a resource management standpoint, this new metabolism that Menorca experienced during 2020 

seems to have promoted a more sustainable use of the island’s resources. With a 41% reduction of 

the hours of activity dedicated to the paid sector, a reduction of 22% of the total energy throughput  

and a 15% reduction of the total water throughput, Menorca was able to generate only 15% less of 

the gross value added and reduce its total carbon emissions by 32%. The general use of resources has 

been lower, and taking a closer look at the percentual reductions we find that the reduction in resource 

use for energy is greater than that of GVA and of carbon emissions. Meaning that there has been a 

more efficient use of resources, as with much less energy the gross value generated in the island has 

not been reduced as much, and the carbon emissions generated have been greatly reduced as well.  

 

6.2. How does Menorca’s lockdown metabolic profile indicate its 

potential for self-sufficiency? 

Studying Menorca’s metabolism of 2020 under the pandemic lockdown , where the island found itself 

more isolated due to travel bans reducing the number of tourists and seasonal workers and a reduction 

of trade, can provide valuable information to assess the potential of a more self-sufficient Menorca. 

The results suggest that moving away from a metabolic system which is highly dependent on imports 

and tourism to one more focused on local production of the necessary resources to sustain Menorca 

may improve the sustainability and resilience of the island. Consider the behavior of the different 

economic sectors during the lockdown: the services sector, while still being the main gross 

contributor to Menorca’s economy, it is also the economic sector who has been hit the most by the 
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lockdown restrictions and it is also the main energy consumer and the main carbon emitter; the 

industrial sector on the other hand has not been quite as affected by the lockdown, having had rather 

low reductions on its hours of human activity, energy usage and contributed GVA and also had 

considerable reductions in water use and carbon emissions; lastly, the agricultural sector’s hours of 

activity have remained mainly unaffected by the lockdown regulations, and while it is still the biggest 

waster intensive activity of the island, it was able to increase its contribution to the total GVA of the 

island – albeit coming with an increased energy and water consumption and increased emissions. The 

industrial sector has shown to be less affected in a situation of isolation, while being able to contribute 

a significant portion of the island’s GVA. Unlike services, since the industrial sector does not rely 

on tourism as much, and some of its activity was considered ‘essential’, it can still perform with less 

difficulties under isolation. On the other hand, we can observe an intensification of local agricultural 

activity in the island to compensate for the reduced imports derived from the emergence state 

restrictions. The estimations of Menorca’s metabolism of 2020 suggest that a more self -sufficient 

Menorca would require to lessen the activities of the services sector, and promote those of the 

industrial and agricultural sectors. The services sector provides the biggest contribution to the 

island’s economy, but it is more dependent on the openness of Menorca’s system to allow tourists, 

seasonal workers and external imports of energy. Promoting the industrial sector and agricultural 

sector, which are not as dependent on Menorca’s openness, would mean boosting Menorca’s 

production of energy and food, reducing the dependency of the island on such imports.  

 

6.3. Concluding remarks 

This work set to assess the societal metabolism of Menorca during 2020, taking into consideration 

the context of the COVID-19 pandemic and the lockdown restrictions that accompanied it. Using the 

MuSIASEM approach for metabolic analysis, this work has estimated the energy and water 

throughputs of the island, the gross value added generated by each economic sector studied, and the 

environmental pressure at different levels of analysis for the year 2020. As a result, this work 

provides a characterization of Menorca’s societal metabolism which allows to visualize information 

on the behavior of Menorca’s metabolic system during the pandemic lockdown. This is a valuable 

tool for decisionmakers to assess the actions to put in place in potential similar si tuations in the future 

based on this previous information on how the flow of resources and economic activities in Menorca 

behave under isolation. Not only for potential pandemic breaks in the future, but other situations that 

might affect trade and the free circulation of people to and within the island. The recent situation in 

which Ukraine has found itself in after Russia’s invasion is a reminder that isolation can come 

suddenly and unexpectedly, and hence it is imperative to be prepared for such events. Also, taking 

into consideration the particular vulnerabilities of island territories to climate change stressors, it will 

become increasingly important to develop strategies for more self -sustainable islands.  

The COVID-19 pandemic forced the Spanish government to declare three emergency states 

throughout the year 2020 and part of 2021, putting in place lockdown restrictions which impaired the 

usual functioning of its socio-economic systems. Non-essential activities were given low to no 

priority to maintain their operations, travel and shipments were only allowed for justified reasons, 

and in general the pandemic forced people to stay indoors and avoid contact as much as possible. For 

Menorca, whose metabolism depends on external imports and tourism, these restrictions were 

particularly challenging to their socio-economic activities. However, studying the metabolic behavior 

of the island within this peculiar context provides an opportunity to assess the viability of a more 

self-sustaining Menorca, one that does not depend on external imports as much. The assessment that 

this work provides is given from a resource management standpoint, and the study of the more 

personal and social repercussions that the pandemic has had on Menorca’s society is left for future 

research. 
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6.4. Suggestions for future research 

This study has focused its study of Menorca’s metabolism on two elements of the WEF nexus, energy 

and water. Expanding the study to add food into the metabolic system of Menorca would benefit the 

analysis to have a more thorough examination of the potential self-sufficiency of the island under 

isolated conditions. Another interesting angle of future research surrounding the analysis of 

Menorca’s metabolism would be to assess through a social study the potential desi rability of a more 

self-sufficient island; one that has steered away form a societal metabolism centered around tourism 

and imports towards internal production of its needed resources. This work has explored the potential 

of how Menorca could become more self-sufficient and reduce its dependance on imports by using 

the context of the pandemic lockdown to study the behavior of the island under conditions of 

isolation. However, the approach of this study has been from a perspective of resource management, 

and the conclusions reached also consider this potential transition from that angle. An interesting and 

important question to ask is if Menorca’s social system would desire such a transition. As already 

stated, Menorca’s metabolic system has been focused around tourism and relying on imports to 

perform its socio-economic activities and its population has been accustomed to this societal  

metabolic arrangement. Given this current organization of Menorca’s social system, would the 

population and/or governance of the island desire to transition to a different metabolic system whose 

structure steers away from the organization that is already in place? Is the trade-off of moving towards 

self-sufficiency and security in preparation for potential future isolation in exchange for the change 

in the organization of the social system worth it for the inhabitants of the island?  Answering these 

questions in future research would complement this work very well.  
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