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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• First insight in global economic perfor
mance of diversified cropping systems is 
provided. 

• Diversified cropping systems are 
assessed in terms of market and non- 
market values. 

• Social gross margins and cost-benefit 
analysis were applied in three Euro
pean regions. 

• Market benefits provide the largest 
contribution to the value of crop 
diversification. 

• Internalising non-market value of agro
ecosystems is key to ensure farm 
sustainability.  
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A B S T R A C T   

Crop diversification can enhance farm economic sustainability while reducing the negative impact on the 
environment and ecosystem services related. Despite the market and non-market benefits of crop diversification, 
monocropping is a widely used dominant practice in Europe. In this context, this works aims to assess the overall 
economic impact of several crop diversification systems across Europe and compared it to the monocropping 
system. For this purpose, an economic valuation by integrating market and non-market values for eight case 
studies distributed across three different European pedoclimatic regions (Southern Mediterranean, Northern 
Mediterranean and Boreal) is proposed. The economic valuation was conducted both in the short and medium- 
long term. For the short-term we conducted a social gross margin analysis, while for the medium-long term a 
cost-benefit analysis is developed. The results show an improvement in social gross margins for most of the 
diversification scenarios assessed when environmental and socio-cultural benefits are considered in the short- 
term. In the medium and long-term the transformation of cropping towards a more diversified agriculture is 
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encouraged by greater economic benefits. These results provide a first insight in global economic performance of 
diversified cropping systems, whose main contribution relies on the integration of market and non-market values 
of ecosystem services from crop diversification. They are expected to be useful for guiding policy makers to 
promote crop diversification practices as a key instrument for building resilience in farming systems for an 
adaptive management to climate change.   

1. Introduction 

The growth of agricultural productivity in Europe in the last two 
decades is mainly related to intensive monocrops, mechanization, and 
dependence on external inputs (Tilman et al., 2011). This has led to 
more simplified, monocropping, agricultural systems with little genetic 
diversity and increased homogeneity of landscapes by cropping only the 
most profitable crops (Franco et al., 2022). 

Despite the high productivity achieved in monocropping systems, the 
intensive use of pesticides and fertilizers has caused significant envi
ronmental impacts on agroecosystems and the provision of ecosystem 
services (Tilman et al., 2011). Also, intensified cropping systems has led 
to the development of numerous negative externalities such as water 
pollution, soil erosion or deforestation that have resulted in the reduc
tion of ecosystem services derived from agriculture (Wezel et al., 2018). 
Consequently, there is a growing awareness that, in addition to food 
production, it is essential to preserve the quality of the environment 
(Weituschat et al., 2022) and the provision of ecosystem services 
(D'Hose et al., 2014). Moreover, it is also important to highlight that this 
intensive agriculture jeopardizes the adaptability of current cropping 
systems to climate change (Purwanto and Alam, 2020) and imply higher 
economic risks for European farmers (Damalas and Eleftherohorinos, 
2011). 

European Commission began in 2020 a transition of European agri
culture from the current external input-based dependent cropping sys
tems to biodiversity-based ones, especially through the Common 
Agricultural Policy and the European Green Deal (Clora et al., 2021). 
Consequently, crop diversification emerges as a strategy capable of 
optimizing the entire agricultural value chain in response to environ
mental, technical, and socioeconomic constraints (Alletto et al., 2022). 

Crop diversification could contribute, through cover crops, inter
cropping, crop rotation or agroforestry (Wezel et al., 2014; Lamichhane, 
2023), to the agro-ecological transition of the European agricultural 
sector by adapting the whole value chain (Nunes et al., 2018). It has 
been shown in the literature that crop diversification can contribute to 
increase food security (Scherer et al., 2018), it provides no negative 
economic returns for farmers (Zabala et al., 2023; De Roest et al., 2018; 
Nilsson et al., 2022; Sánchez et al., 2022) and enhances environmental 
sustainability of farms, as it contributes to the provision of ecosystem 
services such as pest control, biodiversity, erosion control, carbon 
sequestration, rural jobs, cultural heritage, and landscape aesthetics 
(Hunt et al., 2019; Alcon et al., 2020; Francaviglia et al., 2020; Morugán- 
Coronado et al., 2022). Thus, crop diversification can mitigate the ef
fects of climate change (Lin, 2011) and address the social and environ
mental challenges currently facing agriculture (Kremen and Miles, 
2012). Monocropping farmers also recognize the potential role of 
diversified cropping systems in adapting to climate change (Roesch- 
McNally et al., 2018). 

However, despite the evidence of productivity improvements, both 
in economic and environmental terms (Tamburini et al., 2020), mono
cropping systems continue to be dominant across Europe. Questions 
move then to the reasons why farmers apparently choose to continue 
growing under monocropping systems when the environmental benefits 
of crop diversification are well-known, even among monocropping 
farmers. Recent research indicates that the adoption of crop diversifi
cation practices by farmers is mostly hampered by limited access to 
knowledge, lack of technical assistance in the path of adoption, supply 
chain pressures up- and down-stream of the farm, and even the farmers' 

concern about the consistency of policies about the promotion of such 
practices (Lancaster and Torres, 2019; Rodriguez et al., 2021; Brannan 
et al., 2023). Other factors hindering adoption might be that farmers 
have easy access to synthetic fertilizers and pesticides so that the agro
chemical industry benefits from the existence of monocrops (Mortensen 
and Smith, 2020). In addition, the negative externalities associated with 
monocropping systems, such as the reduction of ecosystem services, are 
not usually internalised in agricultural commodities or food prices in the 
markets, thus disincentivizing the adoption of more complex cropping 
systems such as crop diversification (Robertson and Swinton, 2005). 

The adoption of diversification practices by monocropping farmers is 
therefore challenging. This raises the need to provide key studies and 
tools that address the contributions of crop diversification practices to 
society and along the food value chain (Alletto et al., 2022). Economic 
evaluation through cost-benefit analysis (Keck and Hung, 2019) is one of 
the useful tools to compare the benefits of conventional monocropping 
and diversified cropping systems. This provides a better understanding 
of the benefits generated at both market (private benefits) and non- 
market (environmental and socio-cultural benefits) levels, social gross 
margins being appropriate for this purpose. 

Given the differences between monocropping and diversification 
systems, both in terms of market and non-market values, both systems 
must be carefully evaluated to ensure consistent comparison of the two 
systems. Despite the existing differences, there are relatively few studies 
that consider both monocrop and crop diversification in economic 
analysis starting from farms and value chain technical and financial data 
(Martin-Gorriz et al., 2022; Benini et al., 2023; Zabala et al., 2023). 
Moreover, there is a gap in the literature when it comes to integrating 
both market and non-market values in the economic evaluation of 
monocrops and crop diversification. Likewise, no studies exist that make 
a comparative economic evaluation of monocrops and diversification 
between pedoclimatic regions where bio-physical production conditions 
and socioeconomic contexts are different. It is important to understand 
the main factors and reasons for the differences in economic and envi
ronmental performance between monocropping and diversified systems, 
and if the same or different factors explain the differences in various 
regions. The economic comparison and evaluation of cross-case studies 
are needed to assess the impact of diversified cropping systems between 
pedoclimatic regions, using the knowledge provided by all stakeholders 
on the characteristics of their region. 

In this context, this work aims to assess the economic impact of crop 
diversification systems in selected pedoclimatic regions across Europe, 
comparing diversification with the reference monocropping system. For 
this purpose, eight European field case studies under diversified and 
monocropping systems were analysed in the short-term, through the 
social gross margins analysis, and in the medium and long-term, through 
the cost-benefit analysis. It thereby provides first insight in global eco
nomic performance of diversified cropping system. 

The contribution of this work to the scientific literature is twofold. 
First, it integrates market and non-market values into the economic 
evaluation, a novel combination in the literature about crop diversifi
cation. It thereby serves to analyse all the main positive and negative 
impacts of crop diversification by using common monetary terms. This 
provides policymakers, a powerful tool to guide the new horizon of 
agricultural policies in the face of climate change adaptation and miti
gation strategies. The results are also valuable for food chain actors (e.g. 
food industry, retail, farms) when aiming to improve sustainability. 
Second, monocrops and diversifications are examined in three different 
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pedoclimatic regions across Europe (South Mediterranean, North Med
iterranean, and Boreal) and by the implementation of different diversi
fication strategies (intercropping, rotation), which allows to delve into 
main diversified systems from an economic point of view, which 
represent a novelty itself. 

We examine the extent to which economic benefits vary through 
crop diversification to answer the following research questions: (1) Is 
crop diversification socioeconomically profitable in the short and 
medium-long-term? (2) How does the inclusion of non-market values of 
the ecosystem services affect the social gross margins of monocropping 
systems and crop diversification? Are non-market values more impor
tant than market values? and (3) Do the social gross margins generated 
for the different European agroecosystems follow the same general 
trend? 

2. Materials and methods 

The material and methods applied for the integrated economic 
valuation of ecosystem services from crop diversification combines field 
results from diversified farming systems, providing the quantification of 
the ecosystem services, with their socioeconomic value both for farmers 
and the entire society. The quantified ecosystem services from crop 
diversification are then translated into economic values through their 
socioeconomic valuation by using market and non-market techniques. 
The market side of the economic value of ecosystem services mostly 
applies to the valuation of provisioning services, namely food provision, 
thereby summarising the farmers' (private) perspective of the economic 
valuation. This is mainly approached by using farm gross margins. On 
the other side, the contribution of non-marketed regulating and cultural 
services is addressed by using non-market valuation techniques, such as 
choice experiment or contingent valuation. This encompasses the value 
of such ecosystem services for the entire society. In sum, the contribu
tion of crop diversification to the provision of ecosystem services is 
economically valued by integrating market and non-market values. In 
addition, such contributions can be different depending on the analysis 
horizon of the benefits obtained by the ecosystem services from crop 

diversification. It is expected a higher change in the provision levels of 
ecosystem services from monocropping to diversified farming systems in 
the long term. Hence, the economic value of ecosystem services is 
determined both in the short and in the long term by using horizon- 
adapted techniques: social gross margins in the short term and cost- 
benefit analysis in the long term. Fig. 1 summaries the methodological 
framework followed, which is applied to each of the case studies 
assessed. 

2.1. Case study 

Field case studies are distributed across Europe in 3 countries, 
covering 3 pedoclimatic regions, and integrating perennial and annual 
crops by using intercropping and rotation strategies for crop diversifi
cation practices. As such, they are distributed among Spain, Italy and 
Finland, in the South-Mediterranean, North-Mediterranean and Boreal 
regions, respectively. Perennial crops are only located in the South- 
Mediterranean region, the same as for intercropping practices. Table 1 
provides a summary of the 8 field case studies under diversified (DX) and 
monocropping systems analysed in this work. 

Most field case studies comprehend only 1 diversification practice, 
perennial intercropping of almond and citrus orchards in the South 
Mediterranean region being an exception with 2 diversified cropping 
systems. Main crop summarises the business as usual, or baseline, situ
ation, mostly referred to as just monocrop (CS1, CS2, CS3, CS4, CS7). 
Some cereal rotations were also included as they represent the con
ventional system for the case study (CS5, CS6, CS8), thereby proposing 
additional rotations with unconventional crops as alternative diversifi
cation practices. Each of these case studies was designed to have a three- 
year crop cycle (2018–2020). More detailed information about the 
experimental case studies can be found in Zabala et al. (2023). 

2.2. Social gross margin analysis 

Gross margin (GM), widely used in farm-level economic assessment 
and management, is the difference between the value of crop production 

Fig. 1. Methodological framework applied for each case study.  
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and the (variable or semi-fixed) cost of production, per hectare at a farm. 
GMs are based purely on the financial outcome of different crops pro
duced on farms, without considering the overall costs and benefits that 
diversification practices contribute to the environment and to the soci
eties in which these practices are applied. Diversification practices also 
generate benefits and costs through increased flows of ecosystem ser
vices and biodiversity in the diversified agroecosystems (Beillouin et al., 
2021). These benefits and costs involve regulating and cultural services. 
Hence the value of crop diversification ought to include not only private 
benefits, but also both environmental and sociocultural benefits. 

Regulating and cultural ecosystem services are characterized by a 
lack of monetary value. No active markets exist in which these services 
can be commercialized and reflect their economic value, as is the case 
with provisioning services (Kremen and Miles, 2012). This non-market 
character means that estimating their value becomes challenging, but 
feasible, and so it might be incorporated into the economic analysis of 
crop diversification, together with market values (Latvala et al., 2021). 

The integration of market and non-market values of the ecosystem 
services provided by crop diversification is firstly assessed by social 
gross margins (SGMs). This indicator includes the private and social 
impacts of crop diversification under the scope of the economic evalu
ation. SGM is defined according to Alcon et al. (2013) as follows: 

SGM = GM +Environmental benefits/costs+ Sociocultural benefits/costs
(1) 

GMs are estimated based on crop-specific inputs, crop production 
and price data collected, specifically by crop and cropping system 
(monocropping and diversified). Depending on the inputs considered 
per crop, two levels of costs were identified: variable costs, including 
machinery use (e.g., fuels, lubricants), raw materials (irrigation water, 
fertilizers, pesticides) and labour, and fixed costs, including asset 
depreciation. Data on inputs, yields and farm management practices 
were yearly collected at the crop and plot level, and aggregated by 
cropping system down to the farm level. Technical information, related 
to both variable and fixed costs, was collected directly from the case 
study experimental plots, while market prices and subsidy values were 
obtained from farmers' suppliers and each region's official agricultural 
statistics, respectively. Where unavailable or incomplete data were 
found, gaps were filled by extrapolating average, from surveys of 
farmers in each region. Thus, both farm costs and revenues were ob
tained as the average of the actual costs and revenues for farmers in the 
areas where the case studies were conducted. All the information about 

farm-level economic data and results is available at Lehtonen et al. 
(2020). 

Stated preference methods are non-market valuation techniques 
implemented to estimate the environmental and sociocultural benefits 
of crop diversification. Choice experiment and contingent valuation 
methods were applied to estimate social demand for regulating and 
cultural ecosystem services provided by crop diversification. Both 
methods are based on eliciting economic values directly to individuals 
through surveys simulating hypothetical markets. These hypothetical 
markets assume changes in the provision levels of regulating and cul
tural ecosystem services by which the individuals are willing to pay to 
incentivise (positive changes) or undermine (negative changes) them. 
Such willingness to pay summarises the non-market value of the 
ecosystem service provided to the society. The reliability and validity of 
their results carefully depends on the goodness of the surveys designed. 
As such, their survey-based nature makes these methods become com
plex and costly to develop. The fundaments and limitations of these 
methods can be found in Champ et al. (2017). 

Specifically, the value of environmental and sociocultural benefits 
was derived in specific regions of Spain (Alcon et al., 2020), Italy (Blasi 
et al., 2023) and Finland (Latvala et al., 2021), encompassing CS1, CS2 
and CS3 in the Southern Mediterranean region, CS4, CS5 and CS6 in the 
Northern Mediterranean region, and CS7 and CS8 in the Boreal region. 
Hence, the non-market value of the ecosystem services provided by crop 
diversification is site-specific, with the valued regulating and cultural 
services being of notable significance for each region. Ecosystem ser
vices to be valued were selected based on scientific literature and expert 
consultation in each region. Biodiversity, erosion control, carbon 
sequestration, cultural heritage and landscape aesthetics, were valued in 
the Spanish case studies, while biodiversity, carbon sequestration, water 
pollution risk reduction and landscape beauty were valued in the Italian 
case studies. The scope of regulating and cultural ecosystem services 
valued in the Finnish case studies was broader, including adaptation to 
climate change, reduction of runoff leakage, soil carbon enhancement, 
increased rural employment and maintenance of local food tradition. As 
such, marginal values associated with each of these regulating and 
cultural services were estimated for every pedoclimatic region. All the 
details about the non-market valuation of ecosystem services are avail
able in Alcon et al. (2020) [Spain], Blasi et al. (2023) [Italy] and Latvala 
et al. (2021) [Finland]. 

The economic value of the environmental and sociocultural benefits 
is linked to changes in the flows of regulating and cultural ecosystem 

Table 1 
Summary of case studies.  

Case 
study 

Country Pedoclimatic area Crop type Crop(s) of the reference 
system (MC) 

Type of diversificationa Diversified farming systemb 

CS1 Spain South 
Mediterranean 

Perennial Almond Intercropping D1: Almond/Caper 
D2: Almond/Thyme 

CS2 Spain South 
Mediterranean 

Perennial Mandarin Intercropping (rotation and multiple 
cropping) 

D1: Mandarin/(Vetch & Barley + Fava 
bean) 
D2: Mandarin/(Fava bean + Purslane +
Cowpea) 

CS3 Spain South 
Mediterranean 

Annual Melon Intercropping D1: Melon + Cowpea 

CS4 Italy North 
Mediterranean 

Annual Maize Rotation (intercropping) D1: Tomato + Pea/Tomato + Durum 
wheat 

CS5 Italy North 
Mediterranean 

Annual Durum wheat + barley Rotation (intercropping) D1: Tomato + Pea/Tomato + Durum 
wheat 

CS6 Italy North 
Mediterranean 

Annual Tomato + Durum wheat Rotation (intercropping) D1: Tomato + Pea/Tomato + Durum 
wheat 

CS7 Finland Boreal Annual Barley Rotation D1: Barley + Winter rapeseed + Barley 
CS8 Finland Boreal Annual Barley +15 % grass ley Rotation D1: Barley +30 % grass ley + Barley 

Note: “MC” represents the monocropping system; “D1” represents the diversification 1; “D2” represents the diversification 2. 
a In brackets other type of secondary diversifications also presented in the case study (e.g., in D1 in CS1, multiple cropping of vetch and barley is rotated with fava 

bean as alley crop between mandarin rows, meanwhile they both represent an intercropping system regarding to mandarin, the reference system). Complete 
description of case studies is available in Zabala et al. (2023). 

b “()” integrates annual crops in diversification with perennial crops; “&” indicates multiple cropping; “+” indicates rotation; “/” indicates intercropping. 
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services from monocropping to diversified systems. Changes in the 
physical values of regulating ecosystem services and biodiversity were 
obtained from biophysical indicators measured at plot level in each of 
the field case studies (Loczy et al., 2022; Canfora et al., 2022). Land 
erosion index, soil carbon content, bacteria and enzyme biodiversity, 
and presence of inorganic mineral contaminants in soil were used as 
indicators (supplementary material), which were categorised according 
to the attributes and levels used for the economic valuation of the 
ecosystem services. Categorised indicators representing the changes in 
the provision level of ecosystem services between monocropping and 
diversification practices is available in Piccini et al. (2022). Therefore, 
these changes in ecosystem services biophysical flows, measured by 
each case study, are translated into economic values using specific re
sults for each crop diversification and their related marginal economic 
value. The environmental and sociocultural benefits were transformed 
into terms of land use (€/ha year) to be integrated accordingly. 
Furthermore, if there is a reduction in the provision of ecosystem ser
vices due to crop diversification practices, the environmental costs are 
also accounted for. Similarly, monocropping practices can be associated 
with environmental and sociocultural costs. When such costs have been 
socially valued given the disutility they provide, as is the case in the 
Spanish and Italian case studies, environmental and sociocultural costs 
are included for the estimation of the SGMs of monocropping practices. 
Hence, SGMs are understood as a summary of the short-term economic 
value of crop diversification at the regional level. Additionally, all actual 
monetary values are homogenized to the European Union's average 
standard of living using Purchasing Power Parity (PPP) to ensure 
comparability. 

2.3. Cost-benefit analysis 

Cost-benefit analysis is a widely used decision-making tool used to 
assess public investments (Alcon et al., 2013). It serves to comprehen
sively compare the benefits and costs of policy actions or programmes, 
considering their medium and long-term impact. It includes both the 
private benefits and costs for those who develop the actions, together 
with the social benefits and costs implied. As such, cost-benefit analysis 
includes both market and non-market costs and benefits. It addresses 
increases or decreases in social well-being so that intergenerational 
equity and sustainability criteria can be added. 

The application of cost-benefit analysis to the specificities of crop 
diversification requires integrating all the impacts of diversification 
practices in the medium and long term at the regional scale. The private 
component of the cost-benefit analysis comprises the benefits and costs 
to farmers, i.e., revenues and variable and fixed costs, respectively, 
namely GMs. The social component of the cost-benefit analysis includes 
environmental and sociocultural benefits and costs, derived from the 
expected changes in the provision of regulating and cultural ecosystem 
services from diversification in the long term. Predictions for long-term 
indicators include soil organic carbon over the next 30 years and soil 
erosion, when available (Cerasuolo and Begum, 2020; Iserloh and 
Seeger, 2022). Organic carbon and erosion indicator levels were also 
categorised to be homogeneous to the attributes and levels used for the 
economic valuation of ecosystem services. These categorised indicators 
are available in Piccini et al. (2022). Data for the private component of 
the cost-benefit analysis are obtained from economic results at farm- 
level (Lehtonen et al., 2020), while environmental and sociocultural 
benefits and costs apply marginal values of regulating services to the 
predicted changes of their associated biophysical indicators to integrate 
them accordingly. Additionally, all actual monetary values are trans
formed in terms of land use (€/ha year) and homogenized using Pur
chasing Power Parity (PPP). 

To compare the integrated economic performance of diversification 
practices carried out under monocropping and diversification systems, 
the net present value (NPV) and the benefit-cost ratio (B/C ratio) are 
used as profitability indicators. They are defined as follows (European 

Commission (EC), 2015): 

NPV = − K +
∑t

t=1

(
Bt − Ct

(1 + r)t

)

+
∑t

t=1

(
Be

t − Ce
t

(1 + r′)t

)

(2)  

where Bt and Ct represents the private benefits and costs, respectively, 
Be

t and Ce
t the environmental and socio-cultural benefits and costs, r is 

the discount rate, K is the investment cost and t is the period for which 
the NPV of crop diversification is measured. The discount rate of 3.5 % is 
considered for environmental and socio-cultural flows, following 
Almansa and Martínez-Paz (2011). Investment costs are considered only 
for perennial crops (almonds in CS1 and mandarins in CS2), assuming to 
be zero for annual crops. NPV is estimated for a period of 25 years, 
which is considered the lifespan of the assessed perennial crops and 
applied the same period for annual crops to ensure their comparison in 
the long term. 

The B/C ratio is defined according to the equivalent annual cost 
(EAC) and the equivalent annual benefit (EAB). The net present cost 
(NPC) and net present benefit (NPB) are estimated as follows (European 
Commission (EC), 2015): 

B/C ratio =
EAB
EAC

=
NPC r

1− (1+r)− t

NPB r
1− (1+r)− t

(3)  

NPC = − K +
∑t

t=1

(
Ct + Ce

t

(1 + r)t

)

(4)  

NPB =
∑t

t=1

(
Bt + Be

t

(1 + r)t

)

(5)  

where Bt and Ct represents the private benefits and costs, respectively, 
Be

t and Ce
t the environmental and socio-cultural benefits and costs, r is 

the discount rate (3.5 %), K is the investment cost and t is the period for 
which the B/C ratio of crop diversification is measured (25 years). 

3. Results 

3.1. Short-term economic value of crop diversification 

The short-term economic value of crop diversification is measured by 
considering both the financial economic performance of crop diversifi
cation for farmers and the derived non-market benefits and costs. 
Table 2 provides a summary of the SGMs for the field case studies, 
describing their main market and non-market components: GMs, envi
ronmental benefits, sociocultural benefits and SGM. 

Results show an enhancement of the margins for most of the diver
sification practices assessed when environmental and sociocultural 
benefits are considered. This is very relevant in cases with negative GM 
values, such as CS1-D2, where environmental and sociocultural benefits 
turn negative GM into positive SGM. In other words, what a priori may 
be rejected because of its low private profitability, may become desir
able from a social point of view if such benefits are considered. Thus, the 
consideration of non-market benefits makes it possible to increase the 
social profitability of agriculture, mainly for those diversification prac
tices that have positive SGMs. 

While the contributions of environmental and socio-cultural benefits 
are significant, these cannot far outweigh the market outcomes of crop 
diversification, at least in the short term. Only in the case of di
versifications where private GMs are relatively low, the contribution of 
non-market benefits is large enough to outweigh farm-level economic 
outcomes. This is most representative of diversifications within CS1, 
whose private GMs are around 200 €/ha per year in D1, but the envi
ronmental and sociocultural benefits amount to more than 650 €/ha per 
year. 

However, the provision of ecosystem services under diversification 
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conditions does not always improve. Although it may be considered 
extraordinary, it does happen in CS2 and CS5 in the short-term for the 
biodiversity indicators in both case studies and soil carbon for only CS5. 
The regulating ecosystem services reduction in the short-term also is 
translated into terms of non-market values, as revealed in Table 2, by 
considering environmental costs (negative sign) instead of benefits. 
Hence, the inclusion of non-market value serves to include the impact of 
human activities on the environment. 

The contribution of monocropping systems to the provision of 
agroecosystem services could be understood, similarly, as environ
mental and sociocultural costs. Thus, the socioeconomic contribution of 
agriculture should be considered as including the non-market value of 
these expected negative contributions. Table 2 shows the environmental 
and socio-cultural costs that monocropping systems can generate for 
society. This can become very significant when the environmental and 
socio-cultural costs transform economic benefits at the farm level into 
negative social outcomes. This is the case of monocrops in CS1 and CS3 
as shown in Fig. 2. The low market profitability of rainfed almond 
monocrops in CS1 and melon monocrops in CS3 is absorbed by the large 
reported environmental and sociocultural costs of monocropping sys
tems in the southern Mediterranean region. This indicates that profit
able cropping systems for farmers may not be a good alternative from a 
social point of view in the short term. 

3.2. Medium and long-term economic value of crop diversification 

Decisions on the adoption of crop diversification must consider both, 
the current impact of cropping systems and the expected medium and 
long-term effects. In this sense, the cost-benefit analysis contributes to 
enhancing decision-making from a policy point of view by integrating 
into a common assessment the expected market and non-market effects 
of diversified and monocropping systems over the next 25 years. Fig. 3 
displays the results of the cost-benefit analysis showing the NPV and B/C 
of the assessed field case studies. 

In the medium and long term, most diversifications perform 
economically better than the expected results of monocrops. The cu
mulative market and non-market benefits of crop diversification are 
derived from a greater increase in the provision of regulating ecosystem 
services (compared to the short-term), along with the expected 
improvement in soil fertility. In contrast to the short-term socioeco
nomic outcomes of crop diversification summarized by SGM, the 
consideration of the long-term effects derived from cropping systems 
encourages the transformation towards a more sustainable agriculture 
that considers the impact, not only for the current generation but also for 
generations to come. 

In this regard, CS1 is one of the most representative case studies 
assessed, given the economic results shown both in absolute and relative 
terms. If only market returns are included in the analysis, rainfed 
almond monocrop (Base MC) is profitable, as it is currently the case in 
the farm in the business-as-usual situation. However, if the negative 
impacts that monocrop can cause to the environment in the long term 
are considered, the positive socioeconomic results become negative. 
This socially undesirable situation could be overcome by adopting 
intercropping in the alleys of the almond orchards, in one of which 
thyme is grown for essential oil. Thus, the intercropping of almonds and 
thyme not only provides benefits at the farm level, but also for the 
environment and the social system. These benefits, measured and inte
grated in common monetary terms, greatly exceed those that could be 
obtained with any of the other cropping systems assessed. The positive 
economic performance of crop diversification over the long term is 
evident in both absolute and relative terms, given the improved NPV and 
B/C ratios of D1 and D2 compared to any other MC estimation. 

Even in the case diversified systems show negative NPV, they 
perform better than monocrops in the medium and long term. The 
environmental and sociocultural benefits associated with crop diversi
fication compensate for the negative market performance of Ta
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monocropping systems. This is of high relevance for Boreal case studies, 
where fodder crops, associated with low GMs, display a significant 
improvement in their economic performance when non-market benefits 
are considered. As such, non-market benefits need to be considered to 
comprehensively understand the overall impact of crop diversification. 

4. Discussion 

The integration of the market and non-market benefits and costs 
associated with crop diversification across different crops, diversifica
tion strategies and European regions has evinced the economic viability 
of crop diversification practices as alternatives for extending 

Fig. 2. Social gross margins (SGMs) of case studies (CS) (€PPP/ha year). Note: “MC” represents the monocropping system; “D1” represents the diversification 1; “D2” 
represents the diversification 2; “PPP” means Purchasing Power Parity. 

Fig. 3. Net present value (NPV), in bars, and benefit cost ratio (B/C Ratio), in points, of field case studies (CS). Note: “MC” represents the monocropping system; “D1” 
represents the diversification 1; “D2” represents the diversification 2; “PPP” means Purchasing Power Parity. MC, D1 and D2 includes market and non-market benefits 
and costs. Base MC comprehends only market benefits and costs. 
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monocrops. The results have shown the economic and social sustain
ability of crop diversification along different time spans, which adds to 
and supports the overstudied environmental sustainability (Morugán- 
Coronado et al., 2022; Viguier et al., 2021) and farm-level financial 
profitability (Sánchez et al., 2022; Zabala et al., 2023). The integration 
of environmental, financial, and sociocultural benefits, and costs, by 
using a common unit -monetary values- becomes one of the main nov
elties of the method employed. As such, the overall positive economic 
impact of crop diversification across Europe has been demonstrated for 
the European regions under consideration. Through a social gross 
margin analysis and a cost-benefit analysis, it has been possible to 
answer the three main questions formulated in this work.  

(1) Is crop diversification socioeconomically profitable in the short 
and medium-long-term? 

It has been shown that crop diversification is not just a vestige of the 
past, but a profitable agricultural system that would improve yields. An 
improvement of SGMs for monocropping has been observed in most of 
the diversification scenarios analysed. Perennial crops and vegetables 
reveal better performance when crop diversification is included. Such 
kinds of crops are usually linked to higher farm incomes and more rural 
employment, therefore enhancing economic and social returns of crop 
diversification (De Roest et al., 2018). Despite the greater labour needs, 
crop diversification in vegetables also works as a strategy for farmers to 
reduce market risks and mitigate climate change impacts (Ali, 2015; 
Martin-Gorriz et al., 2022). Thus, the contribution of crop diversification 
to increased food security and nutrition is mostly positive (Feliciano, 
2019). These results are also in line with Beillouin et al. (2019) on the 
overall improvement of the productive performance of cropping systems 
with diversification strategies; and Makate et al. (2016) on the positive 
impact of crop diversification in poorly developed areas. 

Therefore, the promotion of crop diversification to improve agri
cultural sustainability will also allow to maintenance of a sufficient level 
of food production (Bullock et al., 2017). In addition, as argued by Lin 
(2011) and Lenssen et al. (2014), diversified systems can be a solution to 
maintain production levels in more frequent extreme climatic conditions 
(droughts, floods…) and with water resource scarcity as are the case of 
some studies of the Southern Mediterranean analysed in this work.  

(2) How does the inclusion of non-market values of the ecosystem 
services affect the social gross margins of monocropping systems 
and crop diversification? Are non-market values more important 
than market values? 

Non-market values of ecosystem services improve SGMs of crop 
diversification regarding monocropping. The adoption of diversified 
farming systems would improve the ecosystem services and it could be 
considered as a way to conserve land productivity while being envi
ronmentally friendly (Phalan et al., 2011). Also, enhancing diversity 
within agricultural systems could combine food production with envi
ronmental quality (Lemaire et al., 2015). These results are in line with 
Kremen and Miles (2012) and Rosa-Schleich et al. (2019) who highlight 
the positive effects of crop diversification on biodiversity and the 
environment. 

Diversification strategies and crops, together with the management 
of the reference monocropping system determine the value of the non- 
market benefits. Higher values for environmental and sociocultural 
benefits were suggested in South Mediterranean case studies, where the 
changes in the agroecosystems were greater because of diversification 
practices. Intercropping between perennial crops represents a deep 
change in ecosystem services and landscape features, increasing both 
services their provision levels. In contrast, non-market values seem to be 
lower in the Boreal region, where the degree of diversification intensity 
is also lower (diversified farming systems are similar to the reference 
monocropping systems in terms of diversification strategies and crops). 

Hence, it is suggested that the greater the change in the agronomic and 
landscape features regarding the reference system (diversification in
tensity), the greater the impact of diversification, and so the higher their 
non-market values. 

If non-market values were not considered in the economic analysis, 
gross margins from crop diversification would be much lower (Martin- 
Guay et al., 2018). Furthermore, our results showed that non-market 
benefits cannot outweigh market values in the short term, and that 
needs time to be realized. Even so, the non-market benefits are signifi
cant enough to ensure the overall profitability of such practices. 
Therefore, to value the contribution of non-market values of crop 
diversification is essential, especially in the long term when deep 
changes from monocropping to diversified systems are expected, such as 
those presented in this paper. 

The significance of the non-market values here are conditioned to the 
ecosystem services selected and measured for each diversification 
farming system. However, the range of ecosystem services provided by 
crop diversification is wider. Crop diversification practices may also 
reduce greenhouse gas emissions, increase soil fertility, encourage the 
presence of natural pollinators in agroecosystems, increase water 
retention, and enhance other forms of biodiversity, among other 
ecosystem services (Morugán-Coronado et al., 2022; Sánchez-Navarro 
et al., 2023; Marcos-Pérez et al., 2023). Also considering the non-market 
value of such these ecosystem services provides a deeper insight in the 
global economic performance of crop diversification. Therefore, the 
estimations here presented should be understood as a first, and con
servative, approximation of the actual economic value of crop diversi
fication, which is expected to be higher when the global provision of 
ecosystem services is considered and quantified. 

The challenge is to replace the traditional approach based on 
simplifying cropping systems to maximize productivity with a new 
approach based on optimizing benefits considering environmental and 
cultural impacts together with land productivity (Lemaire et al., 2014). 
The higher profitability of diversification compared to monocrops sug
gests the development of agricultural systems based on new agricultural 
practices able to provide socioeconomic and environmental results 
(Franzluebbers et al., 2011) to achieve more sustainable agriculture. 

Additional challenges also need to be addressed, such as knowledge 
transfer and technical assistance regarding diversification practices, 
economic incentives for farmers from agricultural policy, and the 
adaptation of the agrifood value chain (Brannan et al., 2023). Thus, 
applying a multidisciplinary approach could facilitate the understanding 
of a transition from monocropping to diversified systems.  

(3) Do the social gross margins generated for the different European 
agroecosystems follow the same general trend? 

The socioeconomic and environmental performance of crop diver
sification strategies is known to be context-dependent (Duru et al., 
2015). However, the comprehensive economic approach followed in this 
work suggests that diversification practices provide positive impacts on 
both the farm economic performance and the environment, regardless of 
the region assessed. Thus, the trend is clear: SGMs become more positive 
(CS1 and CS3 of the Southern Mediterranean and in CS4 and CS5 of the 
Northern Mediterranean) or less negative (CS6 of the Northern Medi
terranean and in the two cases of the Boreal) considering diversification 
practices, with different NPV results depending on crop types and 
practices used and to climatic and agronomic conditions (Rosa-Schleich 
et al., 2019). This trend suggests the social acceptability of diversifica
tion practices in terms of wellbeing gains, in both the short and long 
term. 

The analyses proposed in this work have provided a better repre
sentation of what agriculture is and what it provides to society, 
compared to an analysis based on short-term market-valued outcomes 
only. Results may have relevant implications for the design of agricul
tural policies and the selection of more appropriate farming practices for 
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farmers and various other actors in value chains. Both policymakers and 
value chain actors may be under pressure or process to find and evidence 
improved sustainability. The results may guide the understanding of the 
subsidies that different European diversified systems may receive. Thus, 
it is advised that crop diversification provides increasing socioeconomic 
benefits, supporting the development of agricultural policies for pro
moting the adoption of crop diversification practices among European 
farmers. For example, policies based on the use of 5-year contracts called 
agri-environmental schemes from the Common Agricultural Policy may 
be relevant in Boreal regions where there are, a priori, farm-level 
financial losses at least at some farms in the case study region. In this 
way, these subsidies can sustain farmers' extrinsic motivation to grow 
crops with diversification practices (Sauquet, 2023). Even if the CAP 
helps to harmonize approaches towards more diversified management 
of agricultural land, the added value of sustainability will have to be 
generated and supported by more engaging relationships between agri- 
food supply chain operators. The reconfiguration of agri-food value 
chains adapted to alternative crop diversification systems should 
consider different policy tools. For example, the combined joining to 
agri-environmental measures and the possibility to access cultivation 
contracts that provide product collection guarantees, direct technical 
assistance to farmers, agri-food chain premiums and/or better man
agement of agricultural risk (through insurance policies) seeking to 
overcome some of the main barriers for its adoption (Pancino et al., 
2019; Rodriguez et al., 2021; Brannan et al., 2023). Traditional agri
cultural economic reasoning recommends such actions providing tech
nical or market-based benefits rather than increased reliance on 
subsidies which lead to some welfare loss (due to reduced market sig
nals). Awareness of farmers on the potential yield gains such as pre-crop 
values in crop rotations, and cost savings due to diversification, may 
already provide significant gains if utilised in farm management (Tzemi 
and Lehtonen, 2022). 

The analysis carried out in this work could be extended in future 
research by considering other European pedoclimatic regions, such as 
the Eastern Mediterranean or Atlantic, other crops and diversification 
strategies, and longer time spans. Results from eight case studies, mostly 
combining rotation and intercropping strategies, might not be enough to 
draw global conclusions, but it does provide a first good insight on the 
expected economic impact of crop diversification. Further regional 
comparisons could be made within each pedoclimatic region with which 
to create a more comprehensive economic assessment framework. 
However, despite the limited number of crops and case studies, simi
larities regarding market values tend to arise when comparing with re
sults of diversified farming systems in other pedoclimatic regions and 
with other crops. As such, Viguier et al. (2021) reveals that, indepen
dently the diversification strategy followed, diversified farming systems 
does not provide different results than conventional farming systems in 
terms of their economic and social performance. They assess the sus
tainability of diversified farming systems in France, Atlantic pedocli
matic region, with cereals, legumes and oil rapeseed as representing 
crops. Also, Zabala et al. (2023) suggested that crop diversification 
practices tend to not provide different financial outcomes for farmers 
than monocropping ones, even considering a wider variety of crops, 
diversification strategies and most pedoclimatic European regions. The 
same applies even to the case of diversification practices in coffee sys
tems (Teixeira et al., 2022). 

The methods here applied, which combines environmental and so
ciocultural benefits, market and non-market valuation, and the consid
eration of different time spans, are expected to be the inspiration for 
integrated economic assessment of agricultural practices independently 
the region where developed. However, this method is not exempt of 
limitations. The use of non-market valuation methods relaying on social 
preferences becomes a source of subjectivity for the results. Besides this, 
some uncertainty about the ecosystem services flows and their economic 
value may arise as long-term values are mostly based on expected out
comes, which also depends on the discount rates employed and time 

span. As such, the approach taken in this study is well suited to sensi
tivity analysis in terms of varying discount rates or time spans. 

5. Conclusions 

The economic evaluation of crop diversification in three European 
pedoclimatic regions has shown the usefulness of such studies in sup
porting farmers and land managers to better understand the benefits of 
implementing these farming practices. 

When environmental and socio-cultural benefits/costs associated 
with crop diversification and monocropping practices are integrated 
into the economic analysis, social gross margins become more positive, 
or less negative, for diversification practices, suggesting the social 
acceptability of diversification practices in terms of ecosystem services 
and well-being gains, in both the short and the long-term. The expected 
long-term economic outcome is also more influenced by the crop 
assessed than by the diversification applied. This acquires greater rele
vance when considering the environmental and sociocultural costs of 
monocrops. 

We can conclude that these results are useful to guide not only 
farmers' decisions on crop choice and cultivation practices but also other 
actors in the value chain and agrifood policies. Sustainable agro
ecosystems and improved ecosystem services provision are increasingly 
appreciated socially (given the relevance of various environmental and 
sociocultural benefits in different regions), could be respected by 
farmers (due to the low impact on farm economic performance) and are 
expected to be supported by policymakers (due to their long-term pos
itive returns). Therefore, while direct market-based economic gains for 
farmers may be small in the short run, diversification practices are 
shown to be a cost-effective instrument to increase the resilience of 
farming systems in the face of climate change, while social well-being is 
enhanced at short, medium and long-term. 
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