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Abstract

Traditional olive groves are widely recognised as providers of landscape, environmental and
cultural public goods in Mediterranean rural areas, but their long-term economic viability
remains uncertain. This study assesses the income gap between traditional, intensive and
super-high-density (SHD) olive-growing systems in a representative hill olive-growing area in
Tuscany (central Italy), characterised by physical and structural conditions typical of traditional
Mediterranean systems. Using a discounted cash-flow framework, the analysis compares long-
term financial performance through standard investment appraisal indicators and uses the
Equivalent Annual Value (EAV) as a policy-relevant benchmark for calibrating support. The
results reveal a clear structural divergence: while intensive and SHD systems achieve higher
profitability and faster capital recovery, the traditional system exhibits a persistent income
disadvantage under market conditions. The estimated EAV gap amounts to approximately
950 €/ha relative to the intensive system and 3104 €/ha relative to the SHD system—values
that represent the additional annual support required to preserve traditional olive groves and
prevent abandonment. These values can also be interpreted as the annual private opportunity
cost of maintaining traditional olive landscapes rather than converting them to more financially
competitive systems. Break-even analysis further shows that the traditional system requires an
oil price of at least 9.6 €/kg to achieve economic viability without public support, compared
to 6.97 €/kg and 4.13 €/kg for the intensive and SHD systems, respectively. The findings
highlight a structural misalignment between private profitability and social value, suggesting
that the conservation of traditional olive landscapes cannot rely on market mechanisms alone
and requires targeted, evidence-based policy instruments.

Keywords: traditional olive groves; traditional olive landscapes; landscape preservation;
olive-growing systems; income gap; Equivalent Annual Value; CAP eco-schemes;
agricultural policy

1. Introduction
Olive cultivation is one of the most emblematic agricultural systems of the Mediter-

ranean basin and a historical, economic and cultural pillar of rural areas in Southern Europe.
The cultivation of the olive tree (Olea europaea L.) has developed over centuries as a produc-
tion system deeply adapted to complex pedo-climatic conditions, often characterised by
hilly terrain, poor soils and limited water availability. In such contexts, olive farming has
served not only a productive function, but also a wider territorial role, shaping agrarian
landscapes, supporting hydrogeological stability and fostering socio-economic cohesion
within rural communities [1–3].

Land 2026, 15, 1065 https://doi.org/10.3390/land15061065

https://crossmark.crossref.org/dialog?doi=10.3390/land15061065&domain=pdf&date_stamp=2026-06-17
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0002-2381-9938
https://orcid.org/0000-0001-9878-5886
https://doi.org/10.3390/land15061065


Land 2026, 15, 1065 2 of 19

Olive cultivation is also embedded in wider food, environmental and cultural systems.
Extra virgin olive oil is a central component of the Mediterranean diet, a dietary model
recognised for its cultural significance and associated with well-documented health benefits,
which also contribute to consumer interest and to the economic relevance of the sector [4–9].
Beyond its food value, olive cultivation is increasingly interpreted within the framework
of multifunctional agriculture, as olive groves provide ecosystem services such as soil
erosion control, water regulation, carbon sequestration, biodiversity conservation and
the maintenance of historic rural landscapes [10–12]. These multifunctional roles are
particularly important in marginal and hilly areas, where land abandonment may generate
long-term environmental and social costs that are difficult to reverse [12,13].

Despite this multidimensional relevance, European olive cultivation is currently facing
increasing pressure in terms of economic sustainability, particularly affecting traditional
systems. In many Mediterranean contexts, and especially in Italy, the sector is characterised
by fragmented landholdings, ageing orchards and low-density planting models with
limited scope for mechanisation [13]. These structural features result in high production
costs and limited operational efficiency, which weigh heavily on farm budgets [14,15].
As a consequence, revenues from olive oil sales often fail to offset management costs,
rendering traditional olive cultivation economically fragile and strongly dependent on
public support [13,16–18].

The economic fragility of traditional olive systems does not only threaten farm income,
but also the persistence of Mediterranean rural landscapes. When profitability falls below
acceptable thresholds, farmers are faced with a rational choice between abandonment,
intensification or structural transformation of the orchard. Each of these pathways may
lead to the erosion of landscape features, biodiversity and ecosystem services that are
socially valuable but insufficiently remunerated by markets. This process has already
contributed to a progressive abandonment of olive groves in several Mediterranean regions,
with significant implications for landscape integrity, soil stability and the socio-economic
vitality of rural areas [19].

In this context, the preservation of traditional olive groves can be interpreted as
a policy-relevant issue of public good provision. Within the European Union, this role
is partly recognised through the Common Agricultural Policy (CAP), which combines
general income support with eco-schemes designed to reward farming practices that con-
tribute to environmental, climate and landscape objectives [20]. In the Italian CAP Strategic
Plan 2023–2027, Eco-scheme 2 supports permanent soil cover in tree crops [21], while
Eco-scheme 3 specifically targets the preservation of olive groves of particular landscape
value [22]. In addition, rural development measures under the Second Pillar may fur-
ther support traditional olive groves located in areas with recognised environmental or
landscape constraints, as in the case of the Tuscan SRA25-ACA15 intervention. These
measures are especially relevant for traditional olive systems, as they explicitly link public
support to the maintenance of environmental and landscape functions that are not fully
remunerated by the market [23,24]. However, the key issue is not simply the existence of
public support, but the lack of a clear quantitative benchmark linking such support to the
economic disadvantage of traditional systems. In other words, while policy instruments
acknowledge the provision of public goods, the magnitude of the income gap that these
instruments should compensate remains largely unexplored.

In light of these considerations, the present study aims to fill this gap by providing
a quantitative assessment of the income differential between traditional and more intensive
olive-growing systems. Using a discounted cash-flow framework, the analysis estimates
the magnitude of this gap over the full life cycle of the orchard and identifies the level
of annual support required to ensure the economic viability of traditional systems. The
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empirical analysis focuses on Tuscan hill olive growing, a context that combines recognised
landscape and quality value with structural conditions typical of traditional Mediterranean
systems, including fragmented landholdings, physical constraints to mechanisation and
strong dependence on public support. This analysis provides a policy-relevant benchmark
that may inform comparable Mediterranean contexts. In doing so, the paper contributes
to the literature by linking the economic sustainability of traditional olive groves to the
quantification of the public goods they generate—a connection that existing studies have
acknowledged but not explicitly measured.

The next section situates this contribution within the literature on the economic sustain-
ability of olive-growing systems, focusing on the comparative performance of traditional,
intensive and super-intensive models and on the investment evaluation frameworks used
to assess their long-term performance.

2. Literature Review: Economic Sustainability and Investment Evaluation
in Olive-Growing Systems

In response to the structural constraints affecting traditional olive cultivation, many
producing areas have progressively shifted towards more intensive production models.
Intensive and super-intensive olive-growing systems are characterised by higher planting
densities, earlier entry into production and greater mechanisation of core operations,
particularly harvesting. These systems aim to reduce unit production costs and increase
productivity per hectare, thereby improving farm-level economic competitiveness [19,23].
In several contexts, particularly in Spain, the large-scale adoption of high-density and
super-high-density systems has contributed to a structural transformation of the European
olive oil sector [24,25].

However, the feasibility of more intensive systems remains highly dependent on site-
specific conditions, including topography, water availability, farm structure and landscape
constraints [24–26]. In heterogeneous Mediterranean areas characterised by hilly terrain
and high cultural value, the applicability of highly mechanised systems may therefore be
limited, and their economic advantages need to be assessed jointly with environmental and
landscape implications.

The economic sustainability of olive-growing systems has been widely analysed within
the broader framework of agricultural investment economics, particularly in relation to
perennial crops. Olive orchards are characterised by high establishment costs, delayed
returns and long productive cycles, which make static indicators of annual profitability
inadequate for assessing economic performance. Instead, dynamic approaches based
on long-term investment evaluation are required to capture the full economic profile of
alternative production systems [27,28].

Within this framework, the literature has extensively employed discounted cash-flow
(DCF) analysis and related financial indicators, such as Net Present Value (NPV), Internal
Rate of Return (IRR) and discounted payback period (DPP), to compare olive-growing
systems with different structural and technological characteristics. These indicators allow
for a consistent evaluation of investment profitability over time and are particularly suitable
for analysing systems that differ in capital intensity, labour requirements and production
dynamics [14–17,19].

Empirical evidence consistently shows that traditional olive groves, especially in
marginal and hilly areas, tend to exhibit lower economic performance compared to more
intensive systems. Despite their capacity to generate significant environmental and social
externalities, traditional systems are often characterised by high labour costs—particularly
for pruning and harvesting—and relatively low productivity, which limits their profitability
under market conditions [16,17]. As a result, their economic sustainability frequently
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depends on public support mechanisms and on the ability to obtain price premiums linked
to quality differentiation.

By contrast, intensive and super-intensive systems generally display more favourable
financial indicators, driven by higher yields, earlier production and substantial reductions
in harvesting costs through mechanisation. However, these systems also entail higher initial
investments and increased exposure to market and technical risks, including price volatility,
yield instability and uncertainty regarding orchard lifespan. De Gennaro et al. [14], using an
integrated Life Cycle Costing and Life Cycle Assessment approach, highlighted that high-
density systems may offer a more balanced trade-off between economic performance and
resource-use efficiency compared to super-intensive systems. More recent studies confirm
that the long-term viability of super-intensive orchards depends critically on stable yields
and effective control of management costs, particularly those associated with irrigation and
mechanisation [17,26].

The debate on olive-growing systems is also closely connected to broader research on
perennial cropping systems, including vineyards, fruit orchards and agroforestry systems.
Comparative studies in these sectors reveal similar structural dynamics, whereby more
intensive production models tend to achieve higher economic returns, albeit at the cost of
increased capital requirements and greater exposure to market risks and technological ob-
solescence [29,30]. Within this perspective, economic sustainability emerges as a necessary
condition for the adoption and maintenance of environmentally and socially sustainable
farming practices, in line with European policy objectives.

Despite the extensive body of literature on the economic performance of olive-growing
systems, an important gap remains. Existing studies primarily focus on comparing prof-
itability across production models, while limited attention has been paid to the explicit
quantification of the income differential between traditional and more intensive systems.
In particular, the magnitude of this gap and its implications for policy design—especially
in relation to the level of public support required to sustain the provision of public goods
associated with traditional olive groves—remain largely unexplored.

Against this background, the originality of the present study lies in combining long-
term investment appraisal with a policy-oriented interpretation of the income gap between
olive-growing systems. Rather than only comparing profitability, the paper translates this
differential into an annualised benchmark that can inform the calibration of support for
traditional olive groves as providers of landscape and environmental public goods.

3. Materials and Methods
3.1. Study Area

The case study is located in central Italy (Tuscany), within the olive-growing area
of the Colli Fiorentini/Chianti (province of Florence), a region characterised by a strong
historical vocation for olive cultivation and high-quality olive oil production (Figure 1).
The choice of Tuscany is justified by: (i) its recognised territorial identity and quality
orientation, including the PGI “Olio Toscano” [31]; (ii) its structural representativeness
within Italian olive growing, characterised by small-to-medium farm sizes and fragmented
land ownership [32]; (iii) the presence of physical constraints typical of hill olive groves,
which strongly affect mechanisation and production costs [33].

Rather than representing a single observed farm, the empirical framework is based on
a synthetic representative farm constructed through a structured data collection process
combining three complementary sources. First, technical and economic parameters were
derived from direct farm observations and key informant interviews conducted with
twenty olive growers operating in the study area, selected through purposive sampling
to cover the full range of planting densities, management intensities and farm structures
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present in Tuscan hill olive growing. Second, the collected data were integrated with
technical coefficients and agronomic assumptions drawn from the peer-reviewed literature
on Mediterranean olive systems. Third, input costs and output prices were obtained
from regional economic sources, including market price series and regional agricultural
statistics. To ensure methodological robustness, all parameters were further validated
through consultation with three agronomists with direct operational experience in the
study area and cross-checked against regional statistical sources [34–36]. The resulting
dataset was assessed for internal consistency before being incorporated into the financial
model. The typical farm constructed through this process should therefore be interpreted
as representative of a typical Tuscan hill olive-growing context, consistent with the ‘typical
farm’ methodology widely used in agricultural economics, rather than as a description
of any individual farm. Although the analysis is grounded in a specific Tuscan context,
the study area shares several features with other Mediterranean hill olive-growing regions.
These include hilly terrain, small farm size, rainfed traditional systems coexisting with
newly introduced intensive models, and dependence on public support [19,37]. The
quantitative results should therefore be interpreted as context-specific benchmarks, while
the methodological framework and the policy implications are transferable to comparable
Mediterranean contexts.

 

Figure 1. Location of the study: the red area indicates the analysed study area, corresponding to the
Colli Fiorentini/Chianti olive-growing area within Tuscany (green area), central Italy.

The farm characteristics reported in Table 1 (e.g., altitude, slope, and surface area)
are thus intended to define a coherent production environment for the simulations. These
parameters are consistent with the physical conditions that characterise traditional olive
growing across Mediterranean hill areas, where slope constraints limit mechanisation and
water availability determines the feasibility of intensive systems.

Table 1. Mean characteristics of the production system.

Characteristic Description

Study area Colli Fiorentini/Chianti, Tuscany (central Italy)
Altitude (m a.s.l.) 300 m
Analysed surface area (ha) 5.6 ha
Average slope (%) 15%
Prevailing exposure East/north-east
Potential water regime Presence of a well
Row layout Along the slope
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3.2. Study Design and Analytical Framework

The study adopts a comparative investment-analysis approach to evaluate the eco-
nomic sustainability of three olive-growing systems—traditional, intensive and super-high-
density (SHD)—through long-term financial analysis based on annual cash flows. This
approach is consistent with the economic characteristics of permanent tree crops, where
high establishment costs, delayed entry into full production and long life cycles render
static indicators inadequate for profitability assessment [27].

Investment-oriented evaluations using Net Present Value (NPV/VAN), Internal Rate
of Return (IRR/SIR) and discounted payback period (DPP) are widely applied in olive-
growing systems and other Mediterranean perennial crops, particularly to compare systems
differing in capital intensity and mechanisation [14–17,19]. However, the application of such
indicators to systems with structurally different capital configurations—as in the comparison
between an already-established traditional system and newly planted systems—requires
methodological clarification.

Specifically, the traditional system is modelled as an already-established orchard—a going
concern evaluated on the basis of its ongoing annual net returns—rather than as a greenfield
investment. This choice reflects the economic reality that establishing a traditional olive
grove ex novo is no longer a rational investment decision under current market conditions,
given structural labour cost increases, limited mechanisability and competitive pressure on
olive oil prices. The analytically relevant question is therefore not which system to establish,
but whether an existing traditional orchard should be maintained or converted. Residual
comparability concerns related to differential capital deployment are substantially mitigated by
the realistic assumption that establishment costs for intensive and SHD systems are financed
through agricultural credit instruments—as is standard practice in the sector—whereby the
cost of capital is already incorporated in the discount rate applied to all cash flows. The
inclusion of an annual plant replacement rate (2% per year) in the traditional system’s cost
structure further contributes to restoring comparability by approximating the ongoing cost of
maintaining biological capital over time.

From a policy perspective, the methodological framework is aligned with the EU
Green Deal and the Farm to Fork Strategy, which promote environmental sustainability
while implicitly requiring economically viable farm systems. In this context, the CAP
2023–2027 plays a central role in shaping farm-level decisions through direct payments and
eco-schemes [38,39].

3.3. Definition of Olive-Growing Systems

The three olive-growing systems are defined as technical scenarios consistent with
agronomic practice and the scientific literature.

The traditional system represents low-density hill olive groves (<300 trees ha−1),
trained with volume canopies (vase or polyconic forms) and characterised by high labour
requirements and limited mechanisation of pruning and harvesting. Numerous studies
identify this configuration as economically fragile due to high unit labour costs and low
productivity, especially when market prices do not compensate labour intensity [16,40].

The intensive system represents an intermediate modernisation pathway, with higher
planting density (approximately 300–800 trees ha−1) and improved orchard architecture
designed to enhance efficiency and partial mechanisation. Harvesting can be mechanised
using trunk shakers with inverted umbrellas. No specific equipment model or manufacturer
was used in the empirical analysis, as the system definitions are technical scenarios based
on the literature. Irrigation is typically applied as supplementary irrigation depending on
seasonal conditions [41].
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The super-high-density (SHD) system is based on hedgerow orchards with very high
planting densities (≈1600 trees ha−1), designed for fully mechanised harvesting with
over-the-row harvesters. The literature consistently reports early bearing, high yields
and drastic reductions in harvesting costs, but also emphasises dependence on irrigation,
specific cultivars and site suitability, as well as potential environmental and landscape
trade-offs [19,23,24].

Table 2 compares the three systems in terms of planting density, canopy architecture,
mechanisation level, irrigation regime, entry into production, full production phase and
assumed economic lifespan.

Table 2. Main differences among the three olive-growing systems considered.

Parameter Traditional Intensive SHD

Planting density (trees/ha) ~270 ~500 ~1600
Harvesting system Manual-assisted devices Trunk shaker with catching frame Over-the-row harvester
Irrigation regime Rainfed Supplementary irrigation Irrigated (required)
Entry into production 7–10th year 4–5th year 3rd year
Full production 10th year 6–7th year 5th year
Economic lifespan 50 years 50 years 25–30 years

3.4. Economic Parameters, Costs and Revenues

Economic parameters were derived from published technical–economic studies, re-
gional price data and documented operational costs from the case study. Costs were
aggregated into macro-categories in order to enhance transparency and avoid excessive
micro-accounting typical of technical reports. Establishment costs include land preparation,
planting material, planting labour and, where applicable, irrigation systems and structural
supports. Annual operating costs in full production include pruning, soil management,
fertilisation, plant protection, irrigation and energy, harvesting and milling. Harvesting is
treated explicitly as a central cost component, consistent with the literature identifying it as
the most discriminating factor between systems [42]. Annual revenues are calculated as oil
yield per hectare multiplied by the average selling price. The average selling price refers
to the representative farm-gate price assumed for the baseline scenario. It was defined
by combining price information from interviews with local olive growers and regional
market quotations, and was cross-checked against available price data from the Chamber
of Commerce and ISMEA [43]. The value therefore represents a conservative reference
price for each marketing channel rather than a single-year market average. For the SHD
system, a conservative price assumption is adopted, reflecting the higher probability of
bulk marketing compared to direct on-farm sales typical of traditional quality-oriented
production. This approach is consistent with economic analyses that distinguish between
differentiated and commodity channels in olive oil markets [16].

The selection of the discount rate is a critical methodological step, as it directly affects
the magnitude of financial indicators. Two conceptual criteria are commonly used in
agricultural investment analysis: the opportunity cost of capital and the expected rate of
return required by the investor [27]. The opportunity cost approach defines the discount
rate as the average return obtainable from alternative investments of similar duration and
risk. The expected return approach reflects the minimum return that the investor considers
satisfactory, incorporating subjective risk perception. In agricultural contexts, particularly
in structurally stable perennial systems, discount rates typically range between 1% and 4%,
reflecting relatively moderate levels of financial risk [27]. In the present study, a uniform
discount rate of 3% was adopted across all three systems. This value reflects the actual cost
of agricultural credit in the Italian context and is consistent with the moderate expected
return typical of a sector characterised by limited but stable profitability, in line with
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previous economic assessments of Mediterranean olive systems [17]. Although the three
systems differ in some dimensions of technical and obsolescence risk, most notably the
SHD system’s dependence on irrigation and its shorter productive lifespan, they share the
same market environment, end product and price exposure. This common price exposure
represents the main source of systematic risk and does not vary across systems. The
adoption of a uniform rate is consistent with established practice in comparative DCF
analyses of olive-growing systems [14,15,17], where risk heterogeneity is managed through
sensitivity and break-even analysis rather than through discount rate differentiation [27,44].

To distinguish between market-based profitability and policy-supported sustainability,
CAP payments were incorporated into the model. The analysis considers support instru-
ments across both pillars of the CAP 2023–2027 framework. Under the First Pillar of the
Italian CAP Strategic Plan, direct payments provide the general income-support component
(Basic Income Support for Sustainability, BISS), while eco-schemes remunerate voluntary
practices delivering environmental and climate-related benefits. Eco-scheme 2 (permanent
ground cover in tree crops) was assumed to apply to all systems, with a support level
of 120 €/ha [21]. Eco-scheme 3 (protection of olive groves of particular landscape value,
220 €/ha) was considered applicable to the traditional system only, consistent with its pol-
icy rationale and with the eligibility conditions for low-density and landscape-value olive
groves, following the regional derogation issued by the Tuscany Regional Government
extending the density threshold to 400 trees/ha [22]. Under the Second Pillar, the Tuscany
Regional Complementary Plan (CSR 2023–2027) includes the intervention SRA25-ACA15
“Tutela delle colture arboree a valenza ambientale e paesaggistica” [45], providing up to
840 €/ha specifically for olive groves located in areas with recognised landscape constraints,
slopes exceeding 20%, terraced systems or IGP/DOP designations—conditions directly ap-
plicable to the study area. This instrument is explicitly non-cumulative with Eco-scheme 3,
meaning that farms must choose between the two support pathways depending on their
structural and territorial eligibility.

The CAP payment figure adopted for the traditional system (952 €/ha) represents
the weighted average of support effectively received by the farms surveyed in the study
sample, as recorded through direct interviews and cross-validated against ARTEA regional
data. The heterogeneity in uptake across farms—reflecting different combinations of First
and Second Pillar instruments—produces an observed average consistent with the figure
reported in Table 3. This value is, if anything, conservative relative to the upper bound of
support available in the study area. Incorporating CAP payments in this way allows the
analysis to assess the extent to which the economic sustainability of each olive-growing
system depends on public support mechanisms.

The time horizon corresponds to the expected period over which the investment gener-
ates economic effects. In perennial crops, this should reflect the technical–economic lifespan
of the orchard rather than its biological longevity. While traditional olive groves may phys-
ically persist for several decades or even centuries, economic evaluation requires a more
conservative horizon to account for technological obsolescence and market uncertainty [27].

Following Polidori and Omodei Zorini [16], a 50-year horizon was adopted for tradi-
tional and intensive systems, representing a prudent estimate of their economic lifespan.
For SHD systems, the productive lifespan remains debated due to their relatively recent
diffusion; however, recent agronomic studies indicate that 25–30 years of stable production
can be reasonably assumed under proper management [26,41]. Consequently, a 25-year
horizon was adopted for the SHD scenario1.

Given the inherent uncertainty affecting key economic variables in olive-growing
systems, a sensitivity analysis was conducted to test the robustness of the results. In
particular, the analysis focuses on olive oil price.
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Table 3. Main economic parameters used in the financial analysis (€/ha in full production phase).

Parameter Traditional Intensive SHD

Establishment costs (€/ha)
Orchard establishment (total) - 1 13,182 24,400
Irrigation infrastructure - 3652 3942

Annual operating costs (€/ha/year)
Pruning 877 1080 512
Soil management + tree renewal 500 474 411
Plant protection 320 320 480
Fertilisation 250 520 970
Irrigation – 130 372
Harvesting 1800 1600 1000
Milling/processing 90 165 300
Total annual operating costs 3837 4289 4045

Oil yield (kg/ha) 400 800 1500
Average oil price (€/kg) 9 9 7
Oil revenues (€/ha) 3600 7200 10,500
CAP payments (€/ha) 952 520 250
Total annual revenues (€/ha) 4552 7720 10,750

Note: Operating costs refer to the full-production phase; establishment costs refer to year 0 investment. 1 For the
traditional system, establishment costs were not considered, as the analysis focuses on the economic performance
of already existing olive groves rather than on a greenfield investment scenario. This choice reflects the economic
reality that establishing a traditional system ex novo is no longer a rational investment under current market
conditions. Residual comparability with the other two systems—which do include establishment costs—is
partially restored through the inclusion of an annual plant replacement rate (2% per year), which approximates
the ongoing cost of biological capital maintenance, and is further supported by the assumption that intensive
and SHD establishment costs are financed through agricultural credit, whereby the cost of financing is already
embedded in the discount rate.

Oil price variability was explored by considering alternative scenarios around the
baseline values, reflecting market volatility and differences between quality-differentiated
and bulk market channels.

The sensitivity analysis allows the identification of the conditions under which the
relative economic performance of the three olive-growing systems may change, as well as the
robustness of the estimated income gap between traditional and more intensive systems.

3.5. Financial Indicators and Decision Criteria

Because olive orchards are long-lived investments with front-loaded establishment
costs and delayed returns, the economic comparison was carried out using a discounted
cash-flow (DCF) framework and a set of complementary financial indicators. In capital
budgeting, Net Present Value (NPV) is widely regarded as the main decision criterion
under certainty. Internal Rate of Return and payback-type measures are nevertheless
commonly used to describe other dimensions of project performance, particularly when
investors face uncertainty about discount rates or project duration. Recent theoretical
work has formalised how NPV, IRR, payback period and discounted payback period can
be interpreted as members of a coherent class of profitability metrics, each emphasising
different sources of uncertainty and decision needs, thereby supporting their joint use in
applied evaluations [44].

In the present study, the annual net cash flow (NCF) for each year was defined as the
difference between total revenues and total costs:

NCFt = Rt − Ct

where Rt includes market revenues from olive oil sales and, in policy scenarios, CAP
direct payments and relevant eco-schemes; Ct includes establishment costs (in year 0 and
early years) and annual operating costs during the productive phase. Consistent with
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economic sustainability assessments applied to Mediterranean perennial crops and olive
systems, the evaluation focused on indicators derived from the full life-cycle stream of
costs and benefits rather than on single-year margins [15,46]. For the traditional system,
the analysis does not represent a new investment but the economic performance of an
already established orchard. Consequently, no establishment costs are included, and
the NPV reflects the discounted value of annual net returns rather than a conventional
investment appraisal, thus representing an income-based evaluation. This modelling
choice is justified on economic grounds: the traditional system is not a credible greenfield
investment alternative under current market conditions and is therefore appropriately
treated as a going concern. The comparability of NPV and EAV estimates across systems—
which formally requires a common decision-making starting point—is partially restored
through the inclusion of a 2% annual plant replacement rate, which approximates the cost
of maintaining the biological capital of an ageing orchard and is further supported by the
assumption of debt financing for establishment costs in the intensive and SHD systems.
Under this assumption, the cost of capital is embedded in the discount rate and no residual
equity capital requiring alternative deployment remains unaccounted for.

NPV was calculated as the discounted sum of net cash flows over the project time
horizon T, using a constant real discount rate r:

NPV =
T

∑
t=0

NCFt

(r)t

A project is considered economically viable if NPV ≥ 0 at the chosen discount rate, and
higher NPV indicates greater value creation in absolute terms. This criterion is standard in
DCF-based appraisal and is widely adopted in the economic evaluation of olive systems and
other perennial crops, including analyses integrated with Life Cycle Costing [15,44,46,47].

Internal Rate of Return (IRR) was computed as the discount rate r∗ that sets the NPV
of the investment to zero:

0 =
T

∑
t=0

NCFt

(r∗)t

IRR provides a relative measure of profitability (a rate of return) that is often informa-
tive when comparing investments with different scales of capital requirement. Although
IRR is widely reported alongside NPV in agricultural and sustainability investment stud-
ies, recent contributions emphasise that IRR may be undefined or ambiguous for certain
non-conventional cash-flow patterns, which reinforces the practice of reporting IRR as
a complement rather than a substitute for NPV [15,44]. For the traditional system, IRR
is not reported, as the analysis does not involve an initial investment. In the absence of
a conventional investment structure, IRR cannot be meaningfully defined, and economic
performance is instead interpreted through annual net returns.

To capture the time dimension of economic risk and liquidity exposure, the discounted
payback period was calculated as the smallest integer k such that the cumulative discounted
cash flow becomes non-negative:

DPP = min

{
k ∈ [0, T] :

k

∑
t=0

NCFt

(r)t ≥ 0

}

DPP is particularly relevant for perennial crops where early-year negative cash flows
can be prolonged and where differences in time-to-break-even across systems may matter to
farmers and lenders. The theoretical literature highlights that payback-based measures can
be especially useful when project duration is uncertain (e.g., early termination, replacement
decisions), which is a pertinent consideration for orchard systems with differing economic
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lifespans and potential technological obsolescence [44,48]. For the traditional system,
payback-based indicators are not applicable, as the analysis does not include an initial
investment. Consequently, these indicators are reported only for investment-based systems
(intensive and SHD).

The Equivalent Annual Value (EAV) was calculated using the equivalent annual
annuity transformation, which converts the project’s NPV into a constant annual net benefit
over the time horizon T:

EAV =
NPV·r

1 − (1 + r)−T

In this study, the primary role of the EAV is not only to standardise results across
systems with different lifespans, but more importantly to provide a direct measure of the
annual income gap between alternative olive-growing models. Differences in EAV can
therefore be interpreted as the additional annual income required to make traditional olive
groves economically comparable to more intensive systems.

This interpretation allows long-term financial performance to be translated into
a policy-relevant benchmark, expressing the level of annual support needed to sustain
traditional systems in the presence of more competitive alternatives [49,50].

Given the volatility of olive oil markets, robustness was further assessed by estimating the
break-even oil price that yields NPV = 0 under a “no-subsidy” condition (i.e., excluding CAP
payments). Operationally, this was implemented by solving for the oil price p that satisfies:

0 =
T

∑
t=0

(p·Qt − Ct)

(r)t

where Qt denotes annual oil output (kg/ha) at year t. This procedure isolates the intrinsic
market viability of each system from policy support, a distinction frequently recommended
in applied sustainability and farm-economics evaluations when public payments can
materially alter profitability rankings [15,44].

Financial calculations were performed using Microsoft® Excel® for Microsoft 365 MSO,
Version 2605, Build 16.0.20026.20168, 64-bit.

4. Results
4.1. Cost Structure and Revenue Configuration

The three olive-growing systems exhibit markedly different cost structures, reflecting
their distinct technical configurations and degrees of mechanisation. Table 3 reports the key
economic parameters used in the financial model, expressed per hectare in full production.

The traditional system is characterised by comparatively low establishment costs
but high labour incidence in pruning and harvesting. In contrast, both the intensive
and SHD systems require substantially higher initial investment due to planting density,
structural components and, in the case of SHD, irrigation infrastructure and hedgerow
configuration. Operating costs in full production are higher in the intensive and SHD
systems than in the traditional system, although they do not follow a strictly linear gradient.
This reflects differences in cost composition: harvesting costs remain dominant in the
traditional system, whereas irrigation, fertilisation, plant protection and mechanisation-
related expenses become more relevant in intensified systems.

Oil revenues follow a different pattern. Under the baseline price assumptions, full-
production revenues from oil sales reach 3600 €/ha in the traditional system, 7200 €/ha
in the intensive system and 10,500 €/ha in the SHD system. When CAP payments are in-
cluded, total annual revenues increase to 4552 €/ha in the traditional system and 7720 €/ha
and 10,750 €/ha in the intensive and SHD systems, respectively. The traditional system
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benefits more proportionally from CAP support due to eligibility for additional eco-scheme
components, whereas the other two systems rely more heavily on market-derived income.

4.2. Long-Term Financial Performance

The discounted cash-flow analysis highlights substantial differences in long-term
financial performance across systems. The main financial performance indicators are
reported in Table 4. Net Present Value (NPV) amounts to 19,112 € for the traditional system,
43,540 € for the intensive system and 98,975 € for the SHD system. For the traditional system,
NPV reflects the performance of a mature and stabilised orchard, without establishment
costs, and therefore captures only the stream of annual net returns.

Table 4. Financial performance indicators of the three olive-growing systems.

System NPV (€) IRR (%) Discounted
Payback (Years)

Total Capital
Requirement (€)

Equivalent
Annual Value
(EAV) (€)

EAV Gap vs.
Traditional (€/ha)

Traditional 19,112 - - - 742 -
Intensive 43,540 9.1 17 17,143 1692 950
SHD 98,975 14.9 9 28,561 3846 3104

Note: Discount rate = 3%. Lifespan assumptions: the traditional system is modelled as a mature and stabilised
orchard, maintained over time through gradual tree replacement (2% per year); a 50-year horizon is assumed for
the intensive system and a 25-year horizon for the SHD system.

The Internal Rate of Return (IRR) follows a similar pattern, increasing from 9.1% in
the intensive system to 14.9% in the SHD system. The discounted payback period (DPP)
shortens correspondingly, reaching approximately 17 years in the intensive system and
9 years in the SHD configuration.

These indicators confirm a clear gradient of increasing capital efficiency and earlier
recovery of investment as production systems intensify. However, capital requirements
also increase substantially, indicating a significantly higher financial barrier to entry for
intensified systems.

In policy terms, the difference in Equivalent Annual Value provides a first estimate of
the annual income gap faced by traditional olive groves. In this case, the estimated gap
amounts to approximately 950 €/ha relative to intensive systems and 3104 €/ha relative
to SHD systems, in addition to current support schemes, to prevent the abandonment of
traditional olive groves in favour of more economically competitive systems.

4.3. CAP Dependency and Structural Sustainability

When current CAP payments are excluded, the traditional system becomes structurally
vulnerable. The break-even oil price required to obtain a non-negative NPV rises to
approximately 9.60 €/kg. In contrast, the intensive and SHD systems remain economically
viable at considerably lower break-even prices, estimated at 6.97 €/kg and 4.13 €/kg
respectively. These break-even values should be interpreted against the background of
current market quotations for extra virgin olive oil, which vary substantially according
to origin, quality certification and marketing channel. Recent Italian producer price data
reported by ISMEA show that ordinary extra virgin olive oil is generally quoted below
the break-even price estimated for the traditional system, whereas territorially certified or
quality-differentiated oils may reach higher price levels [43]. This comparison suggests
that the economic viability of traditional olive groves without public support is unlikely to
be achieved through ordinary bulk-market channels alone and depends instead on access
to quality-differentiated markets or on complementary policy support. These results are
summarised in Table 5. Together with the baseline results, they show that the traditional
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system is markedly more dependent on public support and high market prices to ensure
long-term sustainability.

Table 5. Break-even oil price (NPV = 0) under no-CAP scenario.

System Baseline Price (€/kg) Break-Even Price (€/kg) NPV Without CAP (€) at Baseline Price

Traditional 9 9.60 −6334
Intensive 9 6.97 30,160
SHD 7 4.13 92,543

The break-even analysis can be interpreted as a price-based sensitivity analysis, high-
lighting the robustness of the relative performance across systems under varying market
conditions. Results show that, even under a no-subsidy scenario, the ranking of systems re-
mains unchanged, with SHD and intensive systems maintaining positive economic viability
at substantially lower price levels compared to the traditional system.

This confirms that the income gap identified in the baseline scenario is not driven
by specific price assumptions, but reflects structural differences in cost efficiency and
productivity across systems.

4.4. Landscape-Preservation Implications of the Income Gap

The economic results can also be interpreted in relation to the landscape-preservation
function of traditional olive groves. The traditional system considered in this study is not
only a production model, but also a landscape configuration characterised by low planting
density, rainfed management, limited mechanisation and continuity with historic hill olive-
growing systems. These features support the provision of non-market public goods, including
landscape identity, soil protection, biodiversity conservation and territorial resilience.

From this perspective, the lower EAV of the traditional system does not simply indicate
weaker private profitability. It also represents the opportunity cost borne by farmers who
maintain a landscape-preserving production system instead of shifting towards more financially
competitive alternatives. The estimated EAV gap of 950 €/ha compared with the intensive
system and 3104 €/ha compared with the SHD system therefore provides an economic measure
of the annual private income foregone when traditional olive groves are preserved.

This interpretation links the financial results to the theoretical framework of multifunc-
tional agriculture and public-good provision. Traditional olive groves generate benefits that
extend beyond farm income, but these benefits are only partially reflected in market prices
and current support schemes. The results therefore suggest that landscape preservation
requires policy mechanisms capable of compensating the structural income disadvantage
associated with traditional systems. At the same time, the analysis does not directly mone-
tise ecosystem services; rather, it identifies the private economic gap that policy instruments
would need to address if the preservation of traditional olive landscapes is considered
a social objective.

5. Discussion
The findings provide a consistent ranking across systems and reveal a key trade-

off in Mediterranean olive-growing areas: systems that are more competitive in market
terms also require higher capital investment and more favourable site conditions. The
break-even results also provide a price-based sensitivity perspective, confirming that the
relative ranking of systems remains stable under alternative market conditions and that the
observed income gap reflects structural differences rather than specific price assumptions.

The SHD configuration is the most financially attractive option in this case study,
with the highest profitability and the fastest recovery of invested capital. With an NPV of
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€98,975, an IRR of 14.9%, and a discounted payback period of approximately nine years, the
system allows a rapid transition from establishment costs to sustained positive cash flows.
This result is consistent with the well-established economic advantages of mechanised
harvesting and early bearing in hedgerow systems, particularly in contexts where labour
scarcity and harvesting costs constrain traditional production models [19,26].

However, the capital required during the establishment and non-bearing phase
(€28,561) represents a substantial barrier to entry, especially in fragmented agricultural
contexts such as those typical of Italy. This confirms that intensification is not only a tech-
nological shift but also a capital-intensive strategy, whose feasibility depends on financial
capacity, access to credit, and the ability to withstand early-stage cash deficits [26]. In
addition, SHD systems require irrigation and field layouts compatible with over-the-row
machinery, conditions that are not always met in hilly Mediterranean landscapes and may
entail structural changes with potential landscape implications [24,51].

The intensive system represents an economically robust intermediate pathway, com-
bining improved productivity and partial mechanisation with lower capital requirements
compared to SHD systems. With an NPV of €43,540, an IRR of 9.1%, and a discounted
payback period of approximately 17 years, it provides a more balanced trade-off between
profitability and investment risk. This finding is consistent with previous studies sug-
gesting that high-density systems can offer an efficient compromise between economic
performance and structural adaptability, particularly in areas where full mechanisation is
constrained [14,19]. From a practical perspective, the intensive system can be interpreted
as a feasible transition strategy for farms operating in structurally heterogeneous or hilly
areas, where full conversion to SHD systems may not be technically or socially viable.

The traditional system, by contrast, cannot be interpreted as a standard investment
scenario, as it is modelled as a mature and stabilised orchard maintained through continu-
ous tree renewal, without establishment costs. Therefore, its economic performance should
be assessed in terms of annual net returns rather than conventional investment indicators.
Under these assumptions, the Equivalent Annual Value (742 €/ha) is substantially lower
than that of both intensive (1692 €/ha) and SHD systems (3846 €/ha), indicating a persistent
income disadvantage under market conditions.

This result is consistent with broader evidence on Mediterranean olive farming, where
labour-intensive traditional systems, particularly in hilly areas, struggle to remain economi-
cally viable without adequate price premiums or public support [13,52]. In this context, the
risk of abandonment emerges not as a behavioural anomaly, but as a predictable outcome
of structural economic constraints, increasingly documented through spatial analyses of
land-use change in central Italy [13,19,33].

From a policy perspective, the key contribution of this study lies in the interpretation of
the Equivalent Annual Value (EAV) as a benchmark for economic support. The difference in
EAV between systems provides a direct measure of the annual income gap that would need
to be compensated to ensure the economic viability of traditional olive groves. In this case,
the estimated gap amounts to approximately 950 €/ha compared to intensive systems and
3104 €/ha compared to SHD systems, in addition to current support schemes. These values
represent a quantitative benchmark for policy design aimed at preventing the abandonment
of traditional olive groves in favour of more economically competitive systems.

These findings have broader implications beyond private profitability, as olive groves
in Mediterranean hill systems generate a range of public goods that are not fully captured
by market mechanisms. Traditional and low-input systems are consistently associated with
higher levels of landscape integrity, biodiversity conservation and soil protection, whereas
more intensive systems tend to maximise private returns [1]. This implies a structural
divergence between private profitability and social value, unless appropriate policy instru-

https://doi.org/10.3390/land15061065

https://doi.org/10.3390/land15061065


Land 2026, 15, 1065 15 of 19

ments or market-based mechanisms are introduced to internalise these externalities [1,53].
If traditional olive groves were to disappear purely on the basis of market efficiency criteria,
the loss of ecosystem services and cultural landscapes would entail long-term social and
environmental costs that are difficult to reverse.

This divergence also involves resource-use trade-offs. In the present simulations,
traditional olive groves are associated with lower levels of fertilisation, plant protection and
irrigation costs, whereas intensive and especially SHD systems rely more heavily on exter-
nal inputs and water availability. Therefore, the higher financial performance of intensified
systems should not be interpreted as an unambiguous sustainability advantage. Rather, it
highlights a potential conflict between private economic returns and some environmental
policy objectives, particularly in areas affected by water scarcity, drought risk or constraints
on irrigation infrastructure. This reinforces the need for policy instruments that distinguish
between financial efficiency, environmental pressure and landscape preservation [51,53].

The results are directly relevant to the Common Agricultural Policy (CAP) 2023–2027,
the Green Deal and the Farm to Fork Strategy. Within this framework, eco-schemes provide
an important mechanism for linking farm support to environmental and climate objectives,
but the estimated income gap suggests that current support levels may not be sufficient
to fully compensate the economic disadvantage of traditional systems, particularly in
structurally constrained areas [20–22].

At the same time, the results highlight a potential policy trade-off. If profitability gains
are primarily associated with intensification, policies that focus exclusively on maintaining
low-input systems without supporting structural adaptation may risk locking farms into
low-income equilibria. Conversely, indiscriminate promotion of highly intensive systems
may lead to the erosion of landscape and environmental functions where site conditions
are not suitable. This calls for a differentiated policy approach, combining targeted support
for traditional systems as providers of public goods with context-specific strategies for
sustainable intensification.

In practical terms, the long-term survival of traditional olive groves in high-value
regions such as Tuscany depends on making multifunctionality economically viable. This
may require a combination of policy instruments, including adequately calibrated agri-
environmental payments, strengthened market differentiation strategies, and organisational
innovations aimed at reducing labour costs without compromising landscape values [52].

Finally, the study has some limitations that should be acknowledged. The analysis
is based on a specific case study and is therefore not intended to provide universally
generalisable results. Economic performance is sensitive to assumptions regarding yields,
prices and orchard lifespan, while the feasibility of SHD systems depends on irrigation
availability and site suitability. Moreover, the analysis does not explicitly monetise non-
market ecosystem services, which implies that the social value of traditional systems may
be underestimated in purely economic terms.

Overall, the results highlight a clear structural divergence between economically
efficient and socially desirable production systems. While intensive and SHD systems offer
higher profitability and greater resilience to market conditions, traditional systems remain
essential for the provision of landscape, environmental and cultural public goods. Bridging
this gap requires policy instruments capable of aligning private incentives with social
value, ensuring that the preservation of traditional olive groves is not only environmentally
desirable, but also economically sustainable.

6. Conclusions and Limitations
This study quantitatively assesses the economic sustainability of alternative olive-

growing systems in a Mediterranean context, focusing on the income gap between tra-
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ditional and more intensive production models. The results show a clear structural di-
vergence: while intensive and super-high-density systems achieve higher profitability
and faster capital recovery, traditional olive groves exhibit significantly lower economic
performance under market conditions, despite their recognised environmental and cultural
value. The key contribution of the analysis lies in the use of the Equivalent Annual Value
(EAV) as a policy-relevant indicator. Differences in EAV provide a direct measure of the an-
nual income gap between systems, which in this case amounts to approximately 950 €/ha
compared to intensive systems and 3104 €/ha compared to SHD systems. These values
represent a benchmark for the level of additional support required to ensure the economic
viability of traditional olive groves, in addition to current policy instruments.

From a policy perspective, the findings suggest that the preservation of traditional
olive landscapes cannot rely solely on market mechanisms, as these systems generate
public goods that are not fully remunerated. Targeted support measures, combined with
strategies for market valorisation and organisational innovation, are therefore necessary to
align private incentives with social value and to prevent the progressive abandonment of
traditional systems.

Finally, the results should be interpreted as relative economic benchmarks rather
than strictly comparable investment outcomes, given the different structural assumptions
underlying the analysed systems. Future research should integrate economic analysis with
quantitative assessment of ecosystem services, in order to support more comprehensive
and evidence-based policy design.

Several limitations should be acknowledged. The analysis is grounded in a specific
Tuscan case study and, although it shares several structural features with other Mediter-
ranean hill olive-growing areas, the quantitative results should not be transferred to other
contexts without appropriate calibration. The model assumes constant oil prices and stable
yields throughout the projection horizon, while in practice olive oil markets are subject
to significant volatility and SHD yield trajectories may decline over time; the assumed
25-year economic lifespan for SHD systems, while consistent with recent evidence, also
remains subject to uncertainty. The comparison of NPV and EAV across systems with
different capital structures rests on the assumption of debt financing for establishment
costs—consistent with standard sectoral practice—whereby the cost of capital is embedded
in the discount rate; in contexts where equity financing prevails, the opportunity cost of
undeployed capital would require explicit treatment.

Furthermore, a uniform discount rate of 3% was applied across all three systems, re-
flecting the actual cost of agricultural credit in the Italian context rather than a theoretically
risk-adjusted rate. While the three systems share the same market environment, end product
and price exposure—which represents the primary driver of systematic risk—they do differ in
dimensions of technical and obsolescence risk, particularly the SHD system given its greater
dependence on irrigation and its shorter and less certain productive lifespan. Future analyses
could explore the sensitivity of results to system-specific discount rates, which would allow
a more granular treatment of risk heterogeneity across production models.

The analysis also does not monetise the ecosystem services and public goods associated
with traditional olive groves. The estimated EAV gap should therefore be interpreted as
a lower bound of the compensation required rather than as a comprehensive measure of
social value.
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Note
1 To ensure comparability of Net Present Value (NPV) across systems with different economic lifespans, the SHD investment was

assumed to be replicated after the first 25 years. This allows the analysis to be conducted over a common time horizon consistent
with that adopted for traditional and intensive systems.
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