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Abstract 

Natural resources are strategic resources. They are becoming increasingly important in policies combating 

climate change. Moreover, their protection and enhancement are fundamental for actions of sustainable 

development. The paper analyses specific types of natural resources (soil, water and energy) and identifies 
their potential contribution to local development in a perspective of reduced environmental loads. General 
attention to the three systems of resources is evidenced by the development of research based on the FEW 

Nexus model which, since the 1970s, has explored the connections existing between them, as well as the 
development of parallel research lines. The latter can directly impact on regional planning and bring about 

necessary changes in currently applied plans so as to adapt them to evolving circumstances. A case study 

of interest is the area of Avellino, one of the inland provinces of Campania. The paper shows that the 
regional planning tool for the province only partially considers such resources, failing to assign to them any 
strategic importance. This may be considered a weakness both in regional planning and in land management 

because it excludes in advance, from analyses and forecasts, resources that can make a major contribution 
to the sustainable economic development of the province. To this end, the last section of the paper proposes 
changes in regional planning policy. 
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1. Introduction 

The meteorological events of 2022 and 2023 clearly highlighted some of the extreme consequences that 

climate change can cause on a regional basis. In 2022, the scant rainfall during the spring months, 

accompanied by a long period of much higher-than-average temperatures, reduced water availability for 

irrigation, resulting in the crisis of several agricultural production chains – those most dependent on water –, 

and led to the destruction of flora and fauna caused by summer wildfires. The symbolic image of the summer 

of 2022 was the low level of the River Po, whose flow reached all-time lows thanks also to other systemic 

phenomena, including the scarce flows of its main tributaries, the lowering of the level of Alpine lakes, and 

salt water intrusion from downstream. Contrasting with this prolonged drought was the severe flooding that 

affected the regions of the Marche in September 2022 and of the Emilia-Romagna in May 2023. 

The alarm phase appears to have brought an end to the state of alert. This is typical of the normal approach of 

a community after a critical phase: choosing to ignore extreme phenomena instead of considering them as alarm 

bells and as a starting point for planning and structuring more sustainable management of natural resources. 

Summer 2022 was also marked by a significant energy crisis. The sector has come under great pressure due 

to the war unleashed by Russia against Ukraine, even if previously there had been a series of speculative 

phenomena tending to increase the cost of raw materials required for energy production, especially gas and 

oil. The crisis has become an opportunity to think in depth on the energy question and on the different time 

frames on which it is measured: in the short to medium term there is a fundamental need to identify alternative 

energy sources to those from Russia; on a longer term basis, fossil fuels will have to be replaced with 

renewable sources so as to make individual countries self-sufficient and to take a decisive step forward in 

neutralizing emissions (Fistola et al., 2023). 

This leads the reasoning back to the starting point, i.e., the severe drought and climate conditions of summer 

2022 and 2023, with the aim to establish a very close systemic interrelation between all the processes linked 

to food and energy production and to the balanced use of water resources. 

2. Literature review 

This paper focuses on the relationship between natural resources, land use planning and management, and 

on the observation that resources are in a fragile state in the face of climate change. The scientific community 

pays considerable attention to the topic, which is being developed through several different lines of study, all 

worthy of further elaboration. 

Among them we cite the FEW (Food-Energy-Water) Nexus model (Hoff, 2011; Zhang et al., 2019; Newell et 

al., 2019; Abdi et al., 2020), a theoretical framework used to analyze the interconnections and 

interdependencies among food, energy, and water systems (Fig.1). It recognizes that these three essential 

resources are strictly linked and that changes in one system can have significant impacts on the others. 

Furthermore, this model deepens the methodological and analytical tools to quantify the intensity of the 

relationships between them both locally and globally.  

The main characteristics of the FEW Nexus Model include an interdisciplinary approach, an holistic perspective 

– which considers the entire lifecycle of food, energy, and water resources, from production and distribution 

to consumption and waste generation and which helps in identifying potential trade-offs and synergies 

between these systems –, and a systems thinking, which involves analyzing how changes in one component 

of the system can affect other components and the overall system. 

Other characteristics are linked to environmental and geographical issues. The FEW Nexus Model recognizes 

that increasing global population, urbanization, and climate change are putting pressure on the resources, 

leading to scarcity and competition. Furthermore, the interactions among food, energy, and water systems 

can vary significantly based on geographic location and local conditions (D’Odorico et al., 2018). A potential 

answer is to achieve sustainability and resilience in the face of changing environmental and socioeconomic 



Mazzeo G. - Analysis of strategic natural resources: the FEW Nexus model applied to Irpinia (Italy) and implications for regional planning 

 

 
125 – TeMA Journal of Land Use Mobility and Environment. Special Issue 2.2023 

conditions. This involves identifying strategies to ensure the long-term availability of food, energy, and water 

resources while minimizing negative impacts on ecosystems and apply them at different scales. 

 

 

Fig.1 FEW Nexus model: theoretical scheme 

 

The FEW Nexus Model is often used as a tool to inform policy and decision-making, with the aim to understand 

the complex interactions among these systems, and to inform choices to balance competing demands and 

promote sustainable resource management. In this way the FEW Nexus Model often involves engaging various 

stakeholders, including government agencies, industry representatives, NGOs, and local communities. 

Last but not least, to build and apply the FEW Nexus Model effectively, access to accurate and up-to-date data 

is crucial, as is important to involve scenario analysis to explore potential future outcomes under different 

conditions and policy interventions. 

Overall, the FEW Nexus Model provides a structured framework for understanding the complex interactions 

among food, energy, and water systems and is a valuable tool for addressing the sustainability challenges 

associated with these critical resources. For this model, the need to think in systemic terms derives from the 

interrelations between the three subsystems and from the evidence that population growth and its ever-

greater shift towards urban systems increases the demand for these resources, in turn causing increased 

greenhouse gas emissions. The existence of relationships between these three subsystems means that 

changes in one of them have effects on the others, impacting, more generally, on climate change, 

environmental systems, socio-economic conditions and hence on policies and plans. 

Another interesting line of research focuses on natural capital, defined as the stock of natural resources of an 

area (soil, air, water, living organisms) able to produce value through goods or services (Costanza & Daly, 

1992; Moro, 1997; Dendena, 2018; Ministero dell’Ambiente, 2020). For this reason, natural capital must be 
the subject of particular attention. 

Some types of natural capital provide communities with free goods and services, termed ecosystem services 

(Costanza et al., 1997; Daily & Matson, 2008; Turner & Daily, 2008; Scolozzi et al., 2012; Zoppi, 2020; Castellar 

et al, 2021). Two of these – water and soil – are the basis of economic and social systems and make community 

existence possible. To ensure that ecosystems continue to produce a flow of services, they need to be efficient 

and functional to avoid their degradation into non-renewable or inert natural capital. Hence the structure and 

variety of ecosystems is an important component of natural capital. 

The presence of natural resources entails the need of proper planning and management with new rules and 

regulations able to ensure protection of the natural and agricultural environment, the reduction or cessation 

of soil consumption, and enhancement of environmental quality. The capacity of an area to respond to critical 

events resulting from climate change processes is thereby increased (Córdoba Hernández & Camerin, 2023). 

If a geographical area has the ability to respond resiliently to the extreme events caused by climate changes, 

it is more capable of reducing potential damage to people and goods. The notion of resilience is connected to 
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the idea that an urban or rural system and its components can recover their functionality more quickly following 

negative events (Boyd et al., 2008; Molavi, 2018) and it is strictly connected to adaptation and mitigation 

processes (Muller, 2007). Resilience can be described in different ways but there are common factors that can 

be measured; it comprises diversity, flexibility, adaptive governance, and the ability to learn and to innovate, 

namely typical elements of processes related to innovation. 

Climate change plays a specific role among the various causes of disastrous events that can affect a certain area. 

Climate change can cause rapid events, such as heavy rain, continuous events of medium duration, such as 

periods of drought, and continuous events of long duration, such as the average rise in temperatures. Based on 

an analysis of the scientific literature, Leichenko (2011) identifies four types of approaches and responses in 

terms of resilience: (1) ecological resilience; (2) reduction in hazard and risks from disasters; (3) the resilience 

of urban and regional economies; (4) the promotion of resilience through governance and institutions. 

The ability of institutions to develop governance mechanisms that are most suited to respond to such problems, 

reducing risk for citizens, will be critical. According to studies in this regard, there is no single applicable system 

of governance, despite the presence of an extensive sample of good practices, and the best solution varies on 

a case-by-case basis (Ostrom, 2010). 

3. Case study. Natural resources in the province of Avellino 

The province of Avellino, sometimes referred to as Irpinia, is an inland province of the region of Campania in 

southern Italy (Figure 2). The area is rich in natural resources: it contains regional nature reserves and 

protected areas, its soil favours high quality agricultural production (Province of Avellino, 2004), and weather 

conditions are conducive to a significant generation of electricity from renewable sources. Furthermore, the 

main springs feeding the Apulian Aqueduct (Ciervo, 2016; Balacco et al., 2017) and supplying water to the 

Metropolitan City of Naples originate in southern Irpinia. 

 

 

Fig.2 Province of Avellino in the Italian peninsula 



Mazzeo G. - Analysis of strategic natural resources: the FEW Nexus model applied to Irpinia (Italy) and implications for regional planning 

 

 
127 – TeMA Journal of Land Use Mobility and Environment. Special Issue 2.2023 

Part of the province lies within the Alta Irpinia Pilot Area, one of the four inland areas selected by the Campania 

Regional Authority as part of the National Strategy for Inland Areas (SNAI). In 2017, the relative Strategy 

Document was approved by the Regional Authority (Regione Campania, 2017). 

3.1 Soil, agriculture, food 

The province of Avellino is 2,806.07 km2. According to 2019 data, soil consumption in the province amounts 

to 7.3% of the total area, compared to a regional average of 10.3% (Munafò, 2020). There are significant 

differences between inland and coastal areas: for example, the Metropolitan City of Naples has an urbanized 

land percentage of 33.9%. The proximity of the regional average to the lowest figure is affected by extensive 

sparsely populated inland areas. 

The most recent data from 2021 does not change the situation. According to the Webgis of ARPA Piemonte1, 

soil consumption country-wide amounted to 7.13% of Italy’s surface area, while the data for Campania and 
Irpinia are 10.49 and 7.36, respectively. In the latter there was a 47-hectare increase in soil consumption 

between 2020 and 2021 (Munafò, 2022), which brings the total amount of soil consumed to 20,536 hectares. 

Soil not consumed comprises basically natural and agricultural soils. The data relating to agricultural land are 

contained in the agricultural censuses. In 2013 the Campania Regional Authority, starting from these data, 

divided the region into 28 Rural Territorial Systems (STRs). 10 of them contain, in whole or in part, 

municipalities belonging to the province of Avellino, namely Colline del Fortore (STR3), Colline Sannite-Conca 

di Benevento (STR7), Colline dell’Ufita (STR8), Colline dell’Alta Irpinia (STR9), Colline dell’alta Valle dell’Ofanto 
(STR10), Piana Campana (STR13), Monte Partenio-Monti di Avella-Pizzo D’Alvano (STR18), Colline Irpine 
(STR19), Valle dell’Irno (STR20) and Monti Picentini (STR22). We note that these 28 STRs do not coincide 

with the 45 Territorial Development Systems of the Regional Land Use Plan approved in 2008. 

According to the data published by the Campania Regional Authority in 2013, based on the Sixth Agricultural 

Census of 2011, the utilized agricultural area (UAA) amounted to 124,455.5 ha (34.92% of the province of 

Avellino, while the total agricultural are (TAA) was 150,162.3 ha, equivalent to 53.51% of the whole province. 

On the ISTAT website, the data relating to the 2010 Census are slightly different. The UAA accounts for 

122,621 ha, while the TAA is 148,689 ha. 

 

STR Municipalities in 

the STR (no.) 

Municipalities in 

the STR and in 

the province of 

Avellino (no.) 

Area of the 

municipalities in 

the province of 

Avellino (Km2) 

Area of STR in 

the province of 

Avellino (%) 

Population of STR 

in the province of 

Avellino in 2011 

(%) 

3 24 3 87.0 10.5 5.3 

7 17 4 26.2 7.8 3.4 

8 29 25 671.7 84.0 87.1 

9 9 9 540.2 100.0 100.0 

10 13 11 358.6 94.0 96.3 

13 33 3 22.2 5.7 1,3 

18 23 15 230.3 72.4 71.1 

19 39 39 466.8 100.0 100.0 

20 11 2 40.0 20.2 15.7 

22 8 6 323.2 60.9 57.2 

Tab.1 Rural Territorial Systems (STRs) of the Province of Avellino 

 

 
1  https://webgis.arpa.piemonte.it/secure_apps/consumo_suolo_agportal/index.html 
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The Seventh National Agricultural Census took place in 20212. To date, only regional data are available, and 

they show that between 2011 and 2021 there was an overall decrease in UAA of 5.74% (546,948 ha in 2010 

vs. 515,544 ha in 2020). 

Irpinia has extensive forest cover while its farmland is noted for its high quality products. Each of the Rural 

Territorial Systems is characterized by specific production and specific areas. For example, in the central part 

of the province there are internationally acclaimed winemakers, while eastern Irpinia is almost devoid of 

designation of origin products even in the presence of specific produce of great interest (Mazzeo, 2005). The 

exception is the Montella chestnut. 

 

STR Municipalities in 

the STR and in 

the province of 

Avellino (no.) 

Farms in the 

municipalities of 

the province of 

Avellino (no.) 

Area of the 

municipalities in 

the province of 

Avellino (Ha) 

Utilized 

agricultural 

area (UAA) 

(Ha) 

Total 

agricultural 

area (TAA) 

(Ha) 

3 3 400 8,700 4,924.1 5,756.1 

7 4 169 2,620 305.3 406.8 

8 25 9,476 67,170 40,755.9 45,167.2 

9 9 3,181 54,020 33,822.6 37,216.7 

10 11 2,611 35,860 13,696.8 16,780.4 

13 3 494 2,220 1,000.9 1,078.6 

18 15 2,165 23,030 6,321.9 7,840.5 

19 39 5,416 46,680 13,079.1 17,023.4 

20 2 304 4,000 797.6 991.2 

22 6 1,540 32,320 9,751.3 17,901.4 

TOTAL 117 25,756 276,620 124,455.5 150,162.3 

Tab.2 Utilized agricultural area (UAA) and total agricultural area (TAA) in the Rural Territorial Systems (STRs) of the 
province of Avellino 

 

The local system of agricultural production must be framed within a broader horizon that sees agriculture 

being transformed into a sustainable sector able to reverse the current state in which it is viewed as a non-

secondary source of emissions of climate-changing gases. In this regard, Community policies are very pressing. 

“The European Green Deal and its Farm to Fork Strategy treat agriculture as more than an economic sector: 
it also contributes to sustainability goals such as social well-being, ecosystem health, and food and nutrition 

security” (European Environment Agency, 2021). 

3.2 Water 

In terms of the organization of water resources, the provinces of Avellino and Benevento are part of the 

Optimal Territorial Area 1 (ATO-1) of Campania, known as the Calore Irpino. It forms part of the former Basin 

Authority of the rivers Liri, Garigliano and Volturno. It includes the areas pertaining to the land reclamation 

consortia of Ufita and Valle Telesina, as well as the territories of mountain communities, namely Alta Irpinia, 

Serinese-Solofrana, Ufita, Vallo di Lauro, Baianese, Partenio and Terminio-Cervialto (Fig.3). 

The Plan of ATO-1 Campania dates to 2012. It shows that the province of Avellino has significant water 

resources deriving from the presence of numerous natural springs. The main springs are those of the upper 

Sabato valley (Serino), the upper Calore valley (Cassano Irpino and Alto Calore springs), and the upper Sele 

valley (Caposele). All these springs are fed by the mountain ranges of Terminio-Tuoro and Cervialto. Other 

springs are in the upper Solofrana valley (Bocche di Solofra), and in the Avella and Partenio mountains (Avella 

and Sirignano). 

 
2  https://www.istat.it/it/censimenti/agricoltura/7-censimento-generale. 
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Fig.3 Geological overview of the Picentini mountain area (Monte Terminio –Monte Cervialto) and hydrogeological scheme 
of its northern sector  

 

Most of Irpinia’s water resources are used to supply drinking water to areas outside the province: the water 
of the Caposele and Cassano springs are channelled towards the region of Puglia, while the water of the Serino 

springs are channelled towards the metropolitan area of Naples (Fig.4). Overall, 91% of water resources come 

from springs and 9% from wells. Water production in 2012 was estimated at approximately 9,524 litres per 

second (Campania Regione, ATO-1, 2012). 

Figure 4 shows the water balance of the ATO in 2012. It shows that 33% of the spring waters are used to 

supply drinking water for the ATO itself, while the remaining part (67%) is used by communities outside the 

province. The water resources drawn from wells are instead all allocated to the population of the ATO. Extra-

regional water supplies (about 4% of the total) should be added to the overall balance. 

 

 

Fig.4 Water balance at 2012  
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Overall, the average flow rate available in the ATO-1 area should be 3,244 litres per second. In practice, given 

that water infrastructure censuses reveal average losses of 15% for the adduction network and 47% for the 

distribution network”, the effectively distributed flow to users is approximately 1,458 litres per second (Regione 

Campania, ATO-1, 2012, 91). Tab.3 shows the total size of the flow rates within the area of the ATO-1. 

 
 

Springs Wells Surface water Total 

Supplied water flow rate (l/s) 3,965.2 1,955.5 0.0 5,920.7 

Mean derived flow rate (l/s) 6,642.2 1,153.2 0.0 7,795.3 

Maximum derived flow rate (l/s) 9,245.2 1,121.8 0.0 10,367.0 

Minimum derived flow rate (l/s) 3,652.3 483.3 0.0 4,135.6 

Annual mean derived volume (mc) 204,664,377.0 33,855,115.0 0.0 238,519,492.0 

Tab.3 Full data of the resources available in ATO-1 

 

The ATO-1 Plan highlights several critical elements. Despite the presence of numerous underground water 

bodies, the province’s hydrological balance is negative, and it cannot be modified by using springs not yet 
connected to the water network. The latter, in fact, are modest or supply aqueducts outside the province, 

while the river waters are already excessively exploited by intensive agricultural and industrial activities. 

According to the Campania Regional Authority (Regione Campania, ATO-1, 2012, 65), in this context it is 

therefore essential to adopt measures to rationalize the management of water resources, aimed at partial 

recovery of the resource currently piped out of the region and focus on its regional distribution, as well as 

modernisation of existing works, to ensure the reduction of losses from aqueducts. 

 

 

Fig.5 Average annual rainfall (mm/year) for the period 1951-1980 (a) and 1981-1999 (b) 

 

An aspect of great importance is annual rainfall (Fig.5). Irpinian springs owe their water flows to winter and 

spring precipitation affecting the southern and western mountain areas. In this regard, Ducci and Tranfaglia 

(2005) showed that in the period 1981-1999 rainfall in Campania decreased by 15% compared to the previous 

20 years. This decrease is not evenly distributed over the region, but has a greater impact in mountain and hill 

areas. Over the same period, the number of rainy days has decreased by a similar percentage. 

The authors attribute this negative variation in the rainfall to global climate change. To support this hypothesis, 

they report that, in the same period, analysis of temperatures in Campania reveals an overall average increase 

of 0.3 °C, resulting from +0.2 °C in the flat coastal areas and +0.5 °C in inland and mountainous areas. 
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Returning to water resources, the two authors state that in Campania there have been decreases in flows from 

sources and lowering of the piezometric surface, important indicators of both the depletion of underground 

water resources and an increase in their exploitation. If this trend continues, they conclude that “a 70% 
decrease in groundwater resources could occur in the next 50 years, and groundwater management in 

Campania should be overhauled. In 2050, according to the scenario set out above, a population of several 

million people (population of Campania and Puglia, currently supplied with groundwater from Campania) may 

be in a critical situation”3 (Ducci and Tranfaglia, 2005, 11). 

3.3 Energy 

Production of electricity from sustainable sources represents a sector with significant potential impact (Mazzeo, 

2013). The inland areas of Campania and stretches of Molise and Puglia extending as far as the Adriatic coast 

account for some of the main production areas of renewables, namely solar and wind power. The plants built 

so far in Irpinia produce approximately 14% more energy from renewable sources than that actually consumed 

(1,513.7 GWh vs. 1,329.3 GWh), as can be seen from Tab.4 and Tab.5 (Terna, 2022). Wind power generation 

represents the dominant share of renewable energy production. 

 

Source Campania Province of Avellino 
 

2000 2020 2000 2020 

Wind 329.8 3,209.2 55.0 1,289.9 

Solar 4.1 981.5 0.0 101.9 

Water 1,916.8 844.0 16.5 10.7 

Thermoelectric 2,906.9 6,708.7 0.0 111.2 

Total 5,157.6 11,743.4 71.5 1,513.7 

% of regional total = = 1.4 12.9 

Tab.4 Electricity generation by source. Gross production (GWh) 

 

The development of this production chain has also triggered a rise in local protests against the construction 

of new wind farms accused of generating a strong environmental impact, of being a vector of landscape 

fragmentation and, ultimately, of sometimes being based on poorly transparent business initiatives. 

The current EU directive on the promotion of renewable energy (Directive 2018/2001) establishes that Member 

States must achieve by 2030 a share of energy from renewable sources equal to 32% of gross final 

consumption, and that the share of the transport sector must reach 14%. The Integrated National Plan for 

Energy and Climate (PNIEC, 2019) sets the Italian targets at 30 and 22%, respectively. 

 

Sector Campania Province of Avellino 
 

2000 2020 2000 2020 

Agriculture 212.5 311.0 8.0 12.4 

Domestic 5,263.0 5,532.3 332.0 365.3 

Industry 5,088.9 4,572.9 650.1 605.8 

Services 3,783.8 5,407.8 242.1 345.8 

Total 14,348.2 15,824.0 1,232.2 1,329.3 

% of regional total = = 8.6 8.4 

Tab.5 Electricity consumption by sector (GWh) 

 

At the Community level, there is discussion on an acceleration of this process (“Fit for 55”) that will raise the 
general target from 32 to 40% in 2030. This means that the focus on renewable energy can only grow further, 

 
3  Translation from the original text in Italian. 



Mazzeo G. - Analysis of strategic natural resources: the FEW Nexus model applied to Irpinia (Italy) and implications for regional planning 

 

 
132 – TeMA Journal of Land Use Mobility and Environment. Special Issue 2.2023 

and will make it necessary to build new production plants, as well as boost research activities in the sectors 

of energy production, conservation and distribution. 

3.4 Preliminary scenario 

The Food-Energy-Water (FEW) Nexus model can be further enhanced through the development of a scenario 

analysis. This analytical approach aids stakeholders and decision-makers in exploring potential future outcomes 

and evaluating the potential consequences of different actions and policies, as suggested by Kosow & Gaßner 

(2008), Alcamo (2009), and Paltsev (2017). 

The analysis starts from the current state of resources assuming possible evolutionary trajectories. The 

considerations are split into two sections: the first section expresses assessments to date, while the second 

section refers to a possible future scenario. Both the first and second use the same four types of qualitative 

indicators: (1) flows of goods; (2) quantity; (3) local impact; and (4) outlook. For each indicator, one opinion was 

expressed for two different states: the current state and the future state. Some judgments are followed by trend 

indications placed in square brackets. Figure 6 shows the results of the assessment both verbally and graphically. 

The building of the scenario is based on the data presented in the sections above, and on the hypothesis that 

in the near future there will be a strong step change in the decision-making system, such as to modify current 

area trends. 

Current state 

At present the province produces food resources exported in significant quantities. Yet imports are also 

significant. The local impact of this resource can be considered significant, even if it does not yet express all 

its potential in terms of impact on the province. The outlook is positive. 

Since the energy produced is higher than that consumed in the province, the latter may be said to be a net 

exporter even if the quantities are not significant. Although the local impact of this resource is limited in 

economic terms, it is critical from the social point of view due to opposition from some local communities. The 

outlook is positive. 

The province is a net water exporter, even if in this case the exported quantities are decidedly greater and 

more significant than those consumed locally. Of the resources analysed, water is the most important and 

strategic, especially in consideration of its impact on some communities outside the province. Prospects for 

the future are stable.  

Potential forecast 

Turning to the outlook, the considerations that can be hypothesized give rise to substantially different scenarios 

from those relating to the current state. As regards food, import/export flows between the province and outside 

areas will continue. Quantities could change significantly: they could grow if agriculture gains weight within 

land use development policies. This could have a high local impact both in economic and social terms. The 

positive outlook could consider the negative impacts of climate change or other events that could create critical 

situations within one or more agricultural production sectors. 

The energy sector confirms the judgment on flows, with a province that can strengthen its position as a net 

exporter. Due to its characteristics, it should significantly increase the amount of energy produced. The local 

impact of the sector is more nuanced, which should be taken into due account within future investment 

policies. Local impact means the possibility that energy will be used locally to develop specific economic 

sectors, but also the possibility that local communities can self-produce and market increasing amounts of 

energy. The prospects, however, appear positive. 
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Fig.6 State and scenario qualitative indicators as applied to the case study of the FEW Nexus model  
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Finally, the water sector confirms the status of Avellino as an exporting province, even if there has been a 

reduction in spring flows in recent decades as a result of changing climatic conditions and lower rainfall. The 

resource will continue to have a significant local impact, which will grow if sustainable water use becomes the 

basis of economic development. In the case of this resource, the outlook can be considered negative and 

potentially critical because significant reductions in water supplies from springs due to climate change cannot 

be excluded. Hence the urgent need to draw up policies that are much more attentive to the use of the 

resource. 

The scenario presented earlier is qualitative and should be considered as the initial step of a future research, 

aimed at deepening the data and at developing the scenario structure that is useful for applying territorial 

policies and plans. 

4. Discussion. Towards new topics of the regional plan 

4.1 The current regional plan for the province 

Planning addresses the necessity of incorporating sustainability and resilience elements into the tools (Colucci, 

2015). These elements must have an environmental focus, guiding urban and land-use systems toward active 

management of natural capital and ecological impact neutrality (Griggs et al., 2013). They should also 

encompass social aspects. In this context, a particular challenge affecting inland areas, such as the province 

of Avellino, is their livability. This extends beyond overall environmental quality (which is crucial) and includes 

the quality of services provided to the resident population, enabling them to lead their best possible lives. 

 

 

Fig.7 Regional Coordination Plan of the Province of Avellino. Table QC 15.1 “Protection of Water Resources, Environmental 
Situation”. The table is based on data from the Water Management Plan of the Liri, Garigliano and Volturno River Basin 
Authority 

 

These considerations are contained in the Territorial Coordination Plan (PTCP) of the Avellino Provincial 

Authority, approved in 2014. According to the Provincial Authority (2004), ensuring that people live better 
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means offering them appropriate services, thereby avoiding depopulation of marginal lands and concentrations 

of population only in the largest urban areas. 

The purpose of the plan is to organise the province so that the system of services and production activities 

operating within it can support the existing population and, if possible, lead it to increase in the future. To 

combat the demographic crisis pre-existing territorial strengths need to be enhanced and improved. 

Interesting for the purposes of this paper are the PTCP guidelines in relation to the issues of energy, 

agricultural resources and water. Within the guidelines for compatible development of business and industry, 

one of the aims is energy saving to be implemented through three types of tools: integration in the plan of 

environmental improvement policies, and development of renewable sources; the development of guidelines 

to be implemented in municipal urban plans and building regulations (Gargiulo & Russo, 2017); identification 

of criteria and areas for implementation of energy districts. 

The plan devotes specific attention to agricultural and agroforestry resources, sectors always considered by 

regional plans. In particular, the provincial plan serves to protect and enhance area resources (Mazzeo, 2021). 

In the case of the Avellino PTCP these objectives are the protection of the agricultural landscape and the 

development of responsible tourism. 

The issue of water resources is less present in the plan (Fig.7). There is no mention of the strategic importance 

of such resources or of their representing the basis for the construction of policies to improve the environmental 

conditions of the population. When mentioned, the water issue is dealt with as a secondary theme, in support of 

other objectives. For example, when the plan suggests the creation of greenways it argues that ecological 

corridors to be conserved or strengthened are identified through a process of analysis of the hydrographic 

network. Furthermore, the plan states that “interventions can be designed by placing water, present in abundance 
along the entire network of the ecological corridors, at the centre of the choices and as a project variable. The 

characteristics of the area and the strong presence of water, in the form of waterfalls, springs, rivers, lakes, 

fountains, pools etc., creates the conditions for a ‘environmentally sustainable’ quality system. If water is life, 
waterways are the arteries of our province and of our landscapes” (Provincia di Avellino, 2014, 18). 

The transition from description of resources to identification of projects to implement is further testimony of 

the scant consideration given to resources in the plan. Only two projects are concerned with the resources 

mentioned. The first are urban and energy redevelopment plans, which the Provincial Authority promotes for 

the benefit of municipalities. Starting from energy analysis of the urban fabric of the municipal area, the plans 

identify and encourage energy redevelopment of buildings and neighbourhoods (Provincia di Avellino, 2014, 

105). The second group of projects concerns river redevelopment projects basically promoting tourism in the 

province, to be implemented with an action called “Irpinia: land of water”. 

4.2 New regional planning and the challenge of resources 

Classical planning defines land use methods, urban loads, functions, and interrelationships between spaces 

and functions, with little attention to the impacts that such forecasts may have on primary area resources, 

such as water, food and soil. Such plans fail in these basic aspects: they lack a vision of the systemic impacts 

of sectoral policies, while a rigid system of actions and procedures persists, and they unfold along separate 

lines that do not intersect (Pahl-Wostl, 2017). 

The need for a substantial change in pace is evident from the analysis of Avellino provincial planning (but the 

reasoning can probably be extended to many other plans). When preparing guidelines for management of a 

geographical area such as a province or region, effective evaluation of its own characteristics is of fundamental 

importance. Based on these, we structure the system of actions that is best suited to it. This is essential to 

avoid miscalculations that can lead to worse results than those we wish to rectify. 

In an area such as Irpinia, the basic conditions require targeted actions able to achieve at least two important 

results. The first is to better preserve the system of existing resources, to be considered strategic because 
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they are used to obtain the necessary goods. To ensure that such resources continue to be used in the future, 

they must be taken into consideration in all land management policies and in all plans, from the regional level 

to the project level involving major environmental changes (Mazzeo & Polverino, 2023). 

The second result would be to reverse the trend in depopulation and the reduction in existing services and in 

life quality (Friedman et al., 2023). In other words, it is necessary to interrupt the vicious circle of a declining 

population and the scrapping of services, which leads to the overall impoverishment of the province. To curb 

population loss, policies for inland areas need to be underpinned by a significant economic fabric. This means 

starting from the system of resources present in the province, to identify actions for resource conservation 

and enhancement, and to develop ongoing economic activities that can generate income, thereby reversing 

the processes of depopulation. At the same time, the limited usefulness of haphazard activities should be 

borne in mind: such action is able to concentrate attention on the environment for limited periods without 

translating into long-term benefits. 

To this end, the FEW Nexus model can be useful thanks to its specific characteristics: systemic attention to 

three types of strategic resources; the highlighting of relationships between such resources; the ability to link 

resources and typical functions connected with regional planning, such as domestic and production sectors; 

finally, the ability to reveal how such resources may be connected with areas outside the province (Fig.8). 

 

 

Fig.8 FEW Nexus model and relations with main planning sectors (house and economic sectors)  

 

Redefining the connections between land use planning and natural resources entails giving new meanings to 

the plan (Fig.9). The latest generations of plans are distinguished by some specific characteristics such as 

landscape protection, soil consumption reduction or elimination, rewilding, urban regeneration, renewable 

energy production, and buildings with low carbon footprints. 

All the above aspects are important for the plan to be able to confer greater sustainability. However, it is 

necessary to take a step forward and ascertain the possibility of the plan, with its general systemic vision, 

becoming the tool that sets the balance between consumption and natural resource use. If water, food and 

energy are three fundamental assets of an area, various situations can arise: 

− the area exports all three resources; 

− the area imports all three resources; 
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− the area is an importer of one or two resources; conversely, it is also an exporter of one or two resource 

types. 

 

 

Fig.9 New strategic elements of the regional plan 

 

In the various cases, the resources take on different values and affect land use differently. In any event, sound 

management of these resources becomes a strategic way to increase the area’s resilience and reduce its 
overall carbon footprint. 

Another aspect to consider is the need for the plan to envisage scenario analysis (Önkal et al., 2013; Meissner 

& Wulf, 2013). A plan devised today unfolds in the next decade; therefore, it needs to consider alternative 

development scenarios. Construction of such scenarios, based on the strategic resources present in the area, 

creates a new type of land use plan in which visions of the future are identified and worked towards through 

specific actions. 

Active management of a region therefore means giving the right weight to new elements. They must be the 

backbone of land-use planning which will have to expand its range of action from the simple regulation of land 

use to the ways in which this use is brought about. 

The new form of planning should be capable of achieving three objectives: 

− increasing awareness of how the protection of natural capital can translate into an economic advantage 

and how it can affect settlement trends. Each of the components (water, soil, energy and others) has 

characteristics that can have a significant impact on the region and can lead to the construction of 

ecological districts that, in turn, can generate significant economic and settlement impacts; 

− clarifying the meaning of natural resources, and modifying the perspective with which they are normally 

considered, especially highlighting the benefits resulting from usage patterns that contribute to resource 

enhancement and that have a positive impact on environmental sustainability, on the quality of the area 

in question and on liveability; 

− drawing up guidelines to update land-use planning tools in terms of effective application of the principles 

of sustainability and neutrality of the local carbon footprint and as a contribution to the parallel process 

of decarbonisation (European Environment Agency, 2000; United Nations, 2015; Ulpiani et al., 2023). 
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5. Conclusions 

The study represents an initial step in research intended to be developed in the near future. It requires 

theoretical and practical elaboration. The connection between food resources, energy, and water resources 

needs to be explored further with the aim of investigating the existing connections in relation to the following 

aspects: 1) the impact of climate change on these natural resources and 2) the ability to use climate change 

to modify behaviors, tools, and methodologies for sustainable resource utilization.  

There is also a need to delve into the role of scenarios in constructing interrelationships. Scenarios, despite 

their inherent uncertainty, build knowledge that contributes to refining models for predicting changes. This 

knowledge can be directed towards the identification and test of a model of the relationship between resources 

that have so far been considered autonomous and analysed separately; the application of a systemic analysis, 

which involves exploring the relationships and intensity of flows generated due to these interconnections; and 

the investigation of the impacts of climate change on resources by determining the share of impact resulting 

from these interrelationships. 

The optimal use of the natural resources of an area can represent the basis for building sustainable 

development strategies. Natural resources are strategic resources and will become increasingly vital over time. 

Their conservation, their careful use and their regeneration moves in the direction of EU policies for the 

enhancement of the natural heritage and decarbonization of the economy and urban areas. 

Attention to such resources is highlighted on a scientific level by in-depth investigations performed by 

various fields of study such as the FEW Nexus model, analyses of natural capital and of ecosystem 

services. They testify to the growing importance of the link between the socio-economic structure and 

the physical basis for such resources, a link that allows land-use systems to continue evolving towards 

higher levels of sustainability. 

Several insights may be drawn from the case study, based on in-depth analysis of the three systems 

considered by the FEW Nexus model. With regard to soil and agri -food production, the Irpinia case study 

shows a lower trend in soil consumption than that occurring in other areas of Campania. Yet the 

agricultural landscape needs to be preserved, as well as land not used for agriculture which is of 

fundamental importance for other resources (such as water). However, the Irpinia agri-food chain has 

further development potential, especially in eastern areas of the province. It is therefore necessary to 

investigate the characteristics and conditions for the development of new certified production areas, to 

be included in the national quality agricultural production system which represents a major part of the 

Italian economy (Basile et al., 2016). 

The importance of water resources is evident, as is the need for them to be at the core of local and national 

policies. The water resources of the Irpinia basin should be subject to great care and attention. Yet they are 

still considered an infinite resource to be exploited in other areas, conferring few benefits on local communities 

and with little attention to distribution efficiency. Water is a resource used by millions of inhabitants in coastal 

Campania, as well as in Puglia and Basilicata, which represents natural capital that will become increasingly 

strategic with the exacerbation of climate change processes (Bates et al., 2008). Sustainable management of 

such resources means less water waste (both in extraction and in use), higher levels of safety and quality, 

and creation of innovative production systems in different sectors, from agriculture to tourism. It means using 

water where it flows, as well as where it is required. It is a strategic resource in terms of economic development 

and also of national geopolitics. 

The management of water resources is closely linked to processes of climate change. The latter causes both 

direct effects (lowering of piezometric levels and decrease in flow rates) and indirect effects (infiltration of 

surface water and pollutants) upon groundwater resources. In addition, the rise in temperatures leads to an 

increase in consumption and hence greater extraction from aquifers. According to Ducci and Tranfaglia (2005), 

in this context, the management of drinking water resources in Italy and Campania (where in 2004 
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groundwater accounts for 86.4% and 99.7%, respectively, of drinking water) is a critical issue, since it must 

cope with increasing anthropogenic pressure, and hence with increasing drinking water demand, and with 

decreasing groundwater resources due to climate change. 

Finally, energy production is to be considered a factor affecting development, like agriculture and water. Clean 

energy represents the future of this sector especially in consideration of the European policies to eliminate 

harmful emissions over the next few decades (European Commission, 2018). Clean energy already means new 

way to build communities (Gaglione, 2023) and energy autonomy for the province of Avellino. However, it 

could become a resource to be exported in ever greater quantities and to use for siting innovative production 

chains able to create a district economy in the area concerned. 

Furthermore, international scenarios accentuate the strategic nature of the energy sector and the necessary 

national and European autonomy. Autonomy depends both on the reliability of suppliers and on the increase 

in production capacity from renewable sources. This second line of action is fundamental to reduce greenhouse 

gas emissions, hence to positively impact climate issues in the medium and long term, but it also plays a 

significant role in the freedom of action of a nation in moments of energy crisis. 

Starting from in-depth knowledge of such systems and from the relationships existing between them and the 

area in which they act, new guidelines may be drawn up for regional planning, which must change to keep 

abreast of new attention to land use and to natural resources. Such planning for the near future must 

increasingly become strategic, changing from a static to a dynamic structure that accompanies evolving land 

use, employing tools for the various scenarios envisaged. 
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