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Ecosystem services of an urban gardening permaculture project  

A small-scale study in an academic environment the middle of  a European capital city –  Lisbon, Portugal 

 

Abstract 

The benefits arising from the implementation and active public participation in the development of urban gardens were 

accessed through the extrapolation of the results from a study-case, the project HortaFCUL. The study took place in the 

University of Sciences from the Faculty of Lisbon (FCUL) were the project is based. Several ecosystem services (ES) in all 

main sections of the Common International Classification of Ecosystem Services (CICES) were identified and some of 

them were quantitatively classified under the same methodology. The results proved a variety of ES resulting from the 

implementation of such projects in academic environments, highlighting that this same model could be applied to other 

contexts. 

 

Introduction 

Urbanization and agriculture are two of the biggest drivers of land transformation (Mcdonald, Kareiva, & Forman, 2008; 

Tilman et al., 2001). As the Millenium Ecosystem Acessement (MEA 2005) stated that in the past 50 years, human actions 

have dramatically and rapidly modified the ecosystems, affecting large extensions of the planet (Millennium Ecosystem 

Assessment Board, 2005). Moreover, human population continues raising at a fast pace as well as food demand 

(Wheeler & von Braun, 2013) and the total world population of about 7 billion is expected to rise up to 8,5 billion by 

2030 and to 9.7 billion by 2050 (Melorose, Perroy, & Careas, 2015). Nowadays, 54% of the Earth’s inhabitants are 

aggregated in large cities, and projections estimate this proportion will get to 66% until 2050 (United Nations, 2014). 

The latest efforts to increase crop productivity and thus ensure food security, consist in a mixture of use of heavy 

fertilizers, pesticides, and genetically modified organisms. These are known to have a negative impact on the 

environment, many times not completely well understood and most times not considered (Carvalho, 2006). Subsistence 

agriculture is still a reality in most rural areas and FAO stated that they ensure nutrition for about 70% of the human 

population (FAO, 2012). When it comes to urban agriculture, the idea is to bring that knowledge together with new 

technologies and apply them in the cities (Maxwell, 1995; Mougeot, 2000). Urban agriculture comes in a variety of 

different scales and it can serve multiple purposes such as community gardens, plots for rental, school gardens, fruit 

trees in public spaces, among others (Girardet, 2001). 

The concept of ecosystem services (ES) emerged from the need to introduce the relationship between human welfare 

and ecosystems in management and decision making processes (Costanza et al., 1997; De Groot, Wilson, & Boumans, 

2002; Wallace, 2007). There are several definitions in the literature and ES are difficult to classify and valuate (Bonan, 

2008), even though its quality is vital to sustain Earth’s equilibrium. Among the classification systems, the MEA, The 

Economics of Ecosystems and Biodiversity (TEEB) and the Common International Classification of Ecosystem Services 

(CICES) can be recognized as large contributors to the international spread of the concept. 

During the past years in Lisbon (Portugal) there has been a growing number of urban agriculture projects. The 

ecosystems within HortaFCUL are presented as a case study, regarding the academic environment of its surroundings, 

the campus of the Faculty of Sciences of the University of Lisbon (FCUL). HortaFCUL is a permaculture project which 

started in 2009 by a group of revolutionary students who conceptualized it as a pathway to reduce the faculty’s carbon 

food print, contributing to local sustainability and at the same time bringing closer the community (HortaFCUL website). 

Permaculture is not only a new agricultural approach but it underlies a change in the sociological paradigm. Applying 

the permaculture ethics and principles (figure 1) means mimicking nature and its solutions to construct diverse and 

resilient ecological and social systems (Holmgren, 2007). Because humans are part of the system, their relation with the 

environment should be harmonized and getting the most benefit from natural systems will only be possible if planned 

http://hortafcul.wixsite.com/home
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at a long-term. We believe that the base of ecological resilience is social networking and because we value a synergetic 

exchange of knowledge, there has been a growing number of partners and activities developed outside the spatial range 

of the project. 

 

Connections with the emerging concept of ecological economy  

Permaculture emerged as a concept formulated by Bill Mollison and David Holmgren and nowadays it is deeply 

connected with the transition movement that had its roots formed around 2005. This movement is about addressing 

the environmental challenges by taking local actions and it encourages everyone to be an active participant in their 

communities. The concept implies regenerating the basis of the economic system through conscious entrepreneurship, 

hard work and dedication, reskilling communities and establishing support networks. It has spread over fifty countries 

covering a wide range of communities (towns, cities, villages, Universities and schools). Permaculture and the transition 

movement visions conform to the emerging concept of ecological economy. This new approach differs from 

environmental ecology by seeing nature as intrinsically valuable and focusing in distribution and equity rather than in 

efficiency. 

 

Objective 

The objective of this work is to access the ES that urban gardens may provide through the analysis of the HortaFCUL 

case study using CICES, a global classification system. 

  

Source: http://realeyeshomestead.com/wp-content/uploads/2014/02/PermaculturePrinciples.jpg 

Figure 1: The ethics and principles of Permaculture illustrated by symbols. 

 

http://realeyeshomestead.com/wp-content/uploads/2014/02/PermaculturePrinciples.jpg
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Methods 

The scope of the analysis was built under CICES (CICES website) developed by a team from the European Environment 

Agency (EEA). It emerged to from the recent recognition that the concept of ES lacks an accepted definition and 

classification system. Therefore, it becomes important to standardize the way we describe ES to overcome the challenge 

of combining and comparing the increasing amount of studies on the subject. 

In HortaFCUL the permaculture ethics are currently applied to three main currents of strategic thinking that can be 

called action, education, and scientific investigation (figure 2). The project assumes three physical spaces in the faculty 

– a garden, a greenhouse, and a living laboratory (figure 3) – those were considered the ecosystems in the analysis. The 

ES provided by the integration of an urban garden in an academic environment were defined and classified under the 

five hierarchic levels defined by CICES – section, division, group (table 1), class and class type. 

Table 1: Section, division and group structure for CICES. The groups where ES were identified are marked with a black dot (●). 

Section Division Group 
Provisioning Nutrition Biomass ● 

Water 
Materials Biomass, fibre ● 

Water 
Energy Biomass-based energy sources 

Mechanical energy 

Regulation & 
Maintenance 

Mediation of waste, toxics and other 
nuisances 

Mediation by biota 
Mediation by ecosystems ● 

Mediation of flows Mass flows ● 
Liquid flows 

Gaseous/ air flows ● 

Maintenance of physical, chemical, 
biological conditions 

Lifecycle maintenance, habitat and gene pool protection ● 
Pest and disease control 

Soil formation and composition ● 
Water conditions 

Atmospheric composition and climate regulation ● 

 Cultural Physical and intellectual interactions with 
ecosystems and land-/seascapes  

Physical and experiential interactions ●  
Intellectual and representational interactions ● 

Spiritual, symbolic and other interactions 
with ecosystems and land-/seascapes 

Spiritual and/or emblematic 
Other cultural outputs 

 

ACTION

EDUCATION

SCIENTIFIC

INVESTIGA-
TION

HORTA

FCUL

URBAN

GARDEN

GREEN-
HOUSE

PERMA-
CULTURE

LIVING LAB

Figure 2: Currents of long-term thinking developed in the HortaFCUL 
project. 

Figure 3: Physical spaces within the project jurisdiction include an 
urban garden, a greenhouse and a living lab. 

http://cices.eu/
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Results 

The results are presented for 7 classes that were classified under the CICES and all the above levels to which they derive 

from are indicated (section, division, group), as well as the under-level class type. This last category is susceptible to the 

recognition of many types, depending on the considered ecosystems. 

Section: Provisioning ES 

Division: Nutrition 

Group: Biomass 

Class: Cultivated crops 

Class type: Collected species/ month 

The garden provided 46 different crops from which leek had the higher relative weight, representing 22% of the total 

yield (83,66 kg). The number of collected crops was highly irregular between February 2015 and December 2016, 

achieving its maximum in April 2015 (17 crops) (figure 4). 

 

Figure 4: Number of collected crops per month between February 2015 and December 2016. 
Fonte: HortaFCUL 

The obtained crops were mostly consumed by the 15 guardians (volunteers) in charge of the project at the time (70%). 

Other destinations included to be sold (14%) or donated (10%) (figure 5). It it importante to notice the number of 

guardians is not fixed but its varied along the years (figure 6). 

 

Figure 5: Destinations given to the produced crops. Most crops 
were divided among the projects’ guardians (light green). 

Figure 6: Evolution of the number of guardians in the project. 
Adapted from the article Social Tools, structuring a university 
permaculture project. 
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Section: Provisioning ES 

Division: Nutrition 

Group: Biomass 

Class: Plants and algae from in-situ aquaculture 

Class type: Number of plants/ week 

The donation box (banca da dádiva) was set as an experience to test the gift economy, an alternative to the market 

economy in which the consumer sets the price to the goods regarding income and preferences. The experience 

consisted of a coin box next to a table with plants from the aquaponic system from the greenhouse. It took place 

between October and December 2015, in the end of this period the project received 64,51€ for 52 plants made available 

(figure 7), which represents a mean of 1,24€/ plant. 

 
Figure 7: The plants made available for the donation bank experiment. Source: HortaFCUL, artigo Banca da Dádiva. 

 
Section: Provisioning ES 

Division: Nutrition 

Group: Biomass 

Class: Genetic materials – Seedbank 

Class type: Seeds number and type 

The projects’ seedbank inventory contained 26 types of seeds (table 2), among which there are vegetables, fruits, 

leguminous and aromatic plants. The seeds are well stored in a freezer at -4ºC to hereafter sow in greenhouse, garden 

or living lab. Seeds are stored with the intention of covering the plants lifecycle throughout its steps, for the long-term 

sustainability of the project. 

Table 2: Seeds stored in the freezer of the seedbank, in FCUL. Source: HortaFCUL 

 

Category Seed types Seed type number 

Vegetable Radish, turnip, onion, parsnip, broccoli, bell 
pepper, pumpkin, chuchu, cabbage, spinach 

10 

Leguminous fava bean, pea, lupine 3 
Fruit pitaya, urucum, star fruit, tomato, melon 5 

Aromatic plant parsley, coriander, tobacco, rue, borage, 
thyme, basil, cloves 

8 

  26 

https://ciencias.ulisboa.pt/pt/noticia/09-03-2016/banca-da-d%C3%A1diva-hortafcul
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Section: Regulation & Maintenance ES 

Division: Mediation of waste, toxics and other nuisances  

Group: Mediation by ecosystems 

Class: Mediation of smell/ noise/ visual impacts  

Class type: Covered area (m2) 

A buffer subproject (projecto tampão), included in the living lab area has just started with the objective of testing several 

regeneration techniques and various functional groups and plant consociations to create a buffer that dilutes the visual 

and sound impacts of one of the busiest roads of Lisbon (2ª circular). 

 

Section: Regulation & Maintenance ES 

Division: Mediation of flows 

Group: Mass flows 

Class: Mass stabilization and control of erosion rates  

Class type: Covered area (m2) 

HortaFCUL’s garden counts with an area of about 92m2 (figure 8), with its soil covered with straw, to prevent soil erosion. 

 

Figure 8: HortaFCUL’s garden spatial representation, the numbered circles represent different permanent cultures in the raised beds 
(light brown), such as trees. Pathways are represented in green and the small lake in blue. Source: HortaFCUL 

 

Section: Regulation & Maintenance ES 

Division: Maintenance of physical, chemical, biological conditions 

Group: Soil formation and composition 

Class: Decomposition and fixing processes 

Class type: Macronutrients (mg/kg) and Organic matter (%) 

Phosphorus (P2O5), potassium (K2O), calcium (Ca) and magnesium (Mg) were higher in the garden (hF1: P2O5>200, K2O 

>200, Ca = 6249, Mg  = 314 ; hF2: P2O5>200, K2O >200, Ca = 6071, Mg  = 370 (mg/kg)) than in the grass plot (Gp: P2O5= 

146, K2O = 40, Ca = 1295, Mg  = 32 (mg/kg)). Samples from the garden always presented higher fertility indexes for all 

the macronutrients. Moreover, they contained over 6 times the relative proportion of organic matter (Gp =0,97%; hF1= 

6,72%; hF2=6,55%). 
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Table 3: Soil analysis results provided by Colégio F3 (in 16 January 2017). The sample includes one regular grass plot from the faculty (Gp) situated 
about 10m away from HortaFCUL’s garden, where two other samples were collected (hF1 and hF2)). Source: Hortas na ULisboa, Colégio F3. 

Parâmetro 
Results 

Grass plot (Gp) HortaFCUL 1 (hF1) HortaFCUL 2 (hF2) 
Fósforo 
extraível 
(P2O5) 

146 mg/kg >200 mg/kg >200 mg/kg 

Alto (Índice de fertilidade 5) Muito alto (Índice de fertilidade 7) Muito alto (Índice de fertilidade 7) 

Potássio 
extraível 
(K2O) 

40 mg/kg >200 mg/kg >200 mg/kg 

Baixo (Índice de fertilidade 2) Muito alto (Índice de fertilidade 7) Muito alto (Índice de fertilidade 7) 

Cálcio 
extraível (Ca) 

1 295 mg/kg 6 249 mg/kg 6071 mg/kg 

Médio Muito alto Muito alto 

Magnésio 
extraível 
(Mg) 

32 mg/kg 314 mg/kg 370 mg/kg 

Baixo (Índice de fertilidade 2) Muito alto (Índice de ferilidade 5) Muito alto (Índice de fertilidade 5) 

Azoto nítrico 
(N-NO3

-) 
1,43 mg/kg 20,78 mg/kg 15,88 mg/kg 

Azoto 
amoniacal 
(N-NH4

+) 
0,76 mg/kg 7,03 mg/kg 7,71 mg/kg 

Matéria 
orgânica 

0,97 % 6,72% 6,55% 

Muito baixo Alto Alto 

 

Moreover, a large composter was built in the living lab, which is ready to receive the plant leftovers from the all the 

faculty’s gardens, and the projections indicate all of them are to be recycled within a few months. Additionally, 

everything indicates that the leftovers from the faculty’s bars and canteens will also start gradually being added to the 

composter and turned into soil within the next months/ years.   

 

Section: Cultural services 

Division: Physical & intellectual interactions with biota, ecosystems and land-/seascapes  

Group: Intellectual & representative interactions 

Class: Physical use of land-/seascapes  

Class type: Number of publications/year; school visits & courses or WS given/year; convivialities/year 

The cultural ES are presented together, from which the all accessed ones are included in the division physical & 

intellectual interactions with biota, ecosystems and land-/seascapes and the group intellectual & representative 

interactions. The services that disposed enough information to be classified included the following classes – scientific, 

educational and entertainment – for which the class types were respectively number of publications in the faculty’s 

newsletter per year, the number of school visits & courses/ workshops given per year and convivialities organized within 

the garden surroundings also per year (figure 9). An overall growth trend in the offer of ES can be noticed, except in 

2015, when the number of 3 out of 4 analyzed class types decreased, only the school visits raised regularly. 

http://www.colegiof3.ulisboa.pt/pt/hortas.php
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Figure 9: Number of courses and workshops given, convivialities, school visits and publications between 2012 and 2016. Source: HortaFCUL 

 

Overall acessment of ES 

In 2016, a survey to get to know the opinion of the community about the urban garden was conducted (source: 

HortaFCUL publication of the results). A total of 268 answers from students (54%), investigators (18%), professors (13%) 

and other community members (9%) revealed that the project is familiar to 9 in each 10 respondents. Although most 

of the participants belonged to the departments of biology (33%) and geographic engineering & geophysics’ (18%), it is 

important to highlight that the answers came from all the faculty’s departments. Additionally, most of the participants 

(79%) shown displeasure regarding the use of the faculty’s green areas. Even more respondents (90%) agreed the grass 

plot from which the soil analysis previously described in table 3 were taken from should be converted into a garden. To 

finish, 92% of the respondents considered that urban gardening, particularly through the implementation of projects as 

HortaFCUL, is a great alternative to presently poor use of the abundant green spaces. 

 

Discussion 

The therapeutic value of contact with plants and biodiversity in general are well-known to science  (Goddard, Dougill, & 

Benton, 2010; Pimentel et al., 1997) however, there are less studies regarding other benefits which arise from the 

existence of urban gardens. Among the currently reported and recognized benefits, urban gardens were frequently 

connected with providing pleasant environments and promoting relaxation and thus linked to stress relief (Bellows, 

Brown, & Smit, 2003; Dunnett & Qasim, 2000). 

The benefits of urban gardens are frequently accessed from a one-dimension point of view this is, they identified only 

the direct benefits arising from the gardening activities to individuals or communities (Dunnett & Qasim, 2000). On the 

other hand, this case study evaluated the contribution of an urban gardening ecosystem to the overall quality of the 

academic environment. For that, the focus was kept among a set of sub-levels of ES proportionated within the high-

level divisions (provisioning, regulation & maintenance and cultural) from CICES. An ES apparently easy to recognize was 

the provisioning of cultivated crops, despite the irregular number of distinctive collected crops per month and those 

having been mostly shared within the guardians’ team. However, there were several other categories of which benefits 

that were found to be provided from a project with such characteristics. These included the regulation & maintenance 

ES which can sometimes be more difficult to perceive from the human-wealth point of view. The way that the HortaFCUL 

initiative provides this services is diverse and well spread among the lower-level categories of the CICES, including soil 

formation through decomposition and fixing processes, mediation of visual and noise impacts as well as mass 

stabilization and control of erosion rates. Moreover, the project’s development covered innumerous cultural ES which 
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include the quantified above (scientific, educational and entertainment) but also others that were not possible to 

quantify under this study such as physical use of landscapes and aesthetical benefits, because we were unable to keep 

a record of all the people that visited the project’s facilities. 

Urban agriculture has proofed an interesting an valuable solution to ensure food security in a world in which urban 

population growth is exponential (Maxwell, 1995; Zezza & Tasciotti, 2010). The analysis suggests that the ES and 

consequent benefits were provided to a diverse portion of community members. Furthermore, the results point out a 

variety of advantages that could be achieved by implementing such projects in other faculties or even communities of 

different natures. An attempt to construct gardens in all the other faculties of the University of Lisbon is already being 

carried out by a one of our partners, the Colégio F3, through the project Hortas na ULisboa. The scope of this project 

relies in providing benefits to the community that can arise from the open dialogue and vision sharing among faculties 

with experienced members of almost all areas of knowledge (literature, psychology, pharmacy, etc.). 

Regardless of having attempted to access as much ES that an urban garden with these characteristics may provide, our 

analysis defaults many categories that were proven to be difficult to quantify. Because the project relies on volunteering 

work and especially because one of its main objectives is to have a flux of students, sometimes it was hard to keep up 

the development of all the activities with an accurate set of records. Nevertheless, we cherish having such a diverse 

group of people as it is a good way to enrich the project, but will continue to join forces to collect and keep an organized 

dataset of the provided activities, services and the people we reached in the process. 

 

This study was conducted by Rebeca Mateus in the context of  the subject of Ecosystem Services and 

Environmental Economy of the Faculty of  Sciences, University of Lisbon. 

All  data collection and compilation was only possible due to t he amazing work that the guardians of 

HortaFCUL have been doing for the past 8 years of project. This manuscript includes the results of 

different sub-projects carried out and supplied by different guardian sub -groups. 
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