VITAL

Viable InTensification of Agricultural production through sustainable
Landscape transition

Task 1.2: Measuring sustainable intensification - INRA
This protocol is framed in the Work Package 1 of VITAL, aimed developing a theory-based analytical

framework and a transdisciplinary co-creation and impact strategy. The framework defines the scope
and understanding of SI, operationalizes SI into indicators, and develops generic scenarios for
transformation to SI.

Objectives
We aim to propose a methodological framework in order to assess and quantify
sustainable intensification of farming systems.
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SI INDICATORS: A FIRST SET OF RESULTS ON VAUCLUSE
This document should serve as a handbook for the construction and use of the indicators for
sustainable intensification. The methodology has been designed keeping in mind the different

application of SI indicators in the VITAL project and is composed of three modules (clustering,

SI indicators computation and SI pathways identification) that can be customized to focus on
specific aspects of sustainable intensification (such as farm vs. landscape scale). The

methodology is mainly based on the extraction of knowledge from a reliable and extensive

source of data through a set of data mining and intelligent data analysis techniques.
Nonetheless, it also relies on extern expert knowledge, especially for the identification of

benchmarks for the normalization of SI indicators. It is expected to produce a new corpus of

knowledge on the drivers and practices that foster sustainable intensification and possibly a
roadmap for the construction of targeted policies for the improvement of farms efficiency. In

particular, this document contains the first results on the use of Sustainable Intensification
indicators for the case study of Vaucluse (France), as a first example of the method application.
The data analysed here concerns only one of the three types of production that are considered
in the VITAL project for the Vaucluse region, i.e. horticulture.

Methodological framework

We propose the following methodology for the construction of SI indicators and its further
use for the identification of SI pathways. We suppose for the moment that we have full access

to the needed information on the relevant variables (data availability will be discussed in a
dedicated section). The methodology consists of three steps:
1. Classification of farms

2. Construction of SI indicators

3. Possible identification of the SI pathways
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Figure 1: The methodological framework in three steps: 1. Clustering; 2. SI indicators
construction; 3. SI pathways identification.

SI indicators

For the choice, construction and computation of the two composite indicators of sustainability

and intensification, we followed the recommendations of the “Handbook on Constructing
Composite Indicators” (OECD, 2008). They can be summarised as follow:

1. Theoretical framework: provides the basis for the selection and combination of
variables into a meaningful composite indicator under a fitness-for-purpose principle.

2. Data selection: based on the analytical soundness, measurability, coverage, and

relevance of the indicators to the phenomenon being measured and relationship to
each other.
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3. Imputation of missing data.

4. Multivariate analysis: assess the suitability of the chosen indicators and guide
subsequent methodological choices.

5. Normalization: to render comparable the indicators.
6. Weighting and aggregation.
7. Visualization of the results.

Theoretical framework: we identified a list of indicators for the evaluation of farms’ SI that
represents the two components of sustainability and intensification (Table 1). We intentionally

create two separate families since sustainability and intensification can be considered as two
opposite forces pulling in opposite directions, but no one is, a priori, more important than the
other. The same concept of sustainable intensification entails arbitration or a trade-off
between these two components. For this reason, some indicators, namely crop diversity,

tillage, fertilisation, pesticides and irrigation, are listed in both groups, since they can be used
to measure, at the same time, intensification and sustainability.

The needed information for the construction of indicators can be collected by direct
observation (interview or questionnaire) or by resorting to existing databases (e.g.
national/regional surveys or declarations of subsidized farms).
Dimension

Indicator
% Nat. vegetation

Definition and measure

Amount of natural vegetation on the total farm
surface

Sustainability

% Permanent pastures and Amount of non-cultivated vegetation on the total
grassland

farm surface

Tillage

Type and frequency of tillage

Crop diversity
Energy production
Fertilization
Pesticides

Number of crops cultivated in the farm
In-farm energy production (type and amount)
Number and quantity of nutrient supply
Number of treatments
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Manure disposal

Use of the manure in case of livestock production

Income

Income of the farmer

Irrigation

Amount of water used for irrigation

Yield

Intensification

Permanent work units

Amount of crop production per type of crop

Seasonal/temporal work units
Crop diversity
Tillage

Fertilization
Pesticides

Livestock intensity
Irrigation

Quantity of permanent farm employment
Quantity of temporary farm employment
Number of crops cultivated in the farm
Type and frequency of tillage

Number and quantity of nutrient supply
Number of treatments

Amount of livestock units for spatial unit
Amount of water used for irrigation

Table 1: Indicators list

Data selection: The data on Vaucluse horticulture have been obtained from the RGA 2010

database (Recensement Général Agricole – General Agriculture Survey). The database contains

exhaustive and comprehensive information on agriculture and it is obtained thanks to a
mandatory questionnaire filled every 10 years by farm owners over the entire French territory.

We restricted the usable data in order to consider only the farmers located in the Vaucluse

department and we further selected those farmers which production in horticulture
correspond to at least of 40% of the total production of the farm (the exact definition of

production can be found here). The selection resulted in a database containing 524 farms
spread over 76 municipalities.

According to the nature of the production (horticulture), data availability and coverage issues,
we used the following list of indicators among the complete list:


Sustainability

o % UAA in natural vegetation: woods, fallow, thicket and wild lands

o % UAA in pasture and grassland: Prairies and unproductive permanent grassland
o % UAA under soft or no tillage
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o % UAA under winter cover
o % UAA not irrigated

o % UAA under no pesticide treatment

o % UAA under no mineral fertilization treatment
o % UAA under no herbicide treatment

o Number of different crops (only horticulture): Number of different species
cultivated in the same farm (normalized w.r.t. maximum found in the sample)

o % of income coming from short circuit


o Presence of renewable energy production (0/1)

Intensification

o % UAA in permanent crops
o % UAA in arable land

o % UAA under hard tillage

o % UAA under greenhouse
o % UAA irrigated

o % UAA under pesticide treatment

o % UAA under mineral fertilization treatment
o % UAA under herbicide treatment

o Income per hectare: expressed in €/ha and normalized w.r.t. maximum found in
the sample

o Work load per hectare: working-hours/ha and normalized w.r.t. maximum
found in the sample

Imputation of missing data: There was no need for missing data imputation since the dataset is

quite complete and missing values (NA) usually correspond to unanswered questions in the
questionnaire and can be trustworthy interpreted as 0 values.

Multivariate analysis: The main objective of the multivariate analysis is to find and eventually
correct strong correlations between indicators. At a first glance, the correlation between
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variables in the two sets of indicators is not a matter of concern (Fig 2 and 3): for the set of
sustainability indicators, a moderate positive correlation (between 0.45 and 0.61) can be
observed between the variables “fertilization”, “herbicide” and “pesticides“ (as expected). The
case of intensification is a little more complex: again we observe moderate positive correlation

between the variables “fertilization”, “herbicide” and “pesticides“ (between 0.45 and 0.61), but
also a lighter positive correlation between “income”, “work” and “greenhouse” (between 0.32

and 0.66). Finally, negative correlation can be observed between the variables “% UAA arable”
and “%UAA permanent crops” (-0.52), and between “hard tillage” and “income” (-0.35). The
correlation between indicators will be eventually corrected in the “Weighting and aggregation
step”.

Figure 2: Correlation plot of sustainability indicators

Figure 3: Correlation plot of intensification
indicators

Normalization: The normalization step only concerned those indicators that were not expressed
as a percentage, namely “Number of different crops”, “Income per hectare” and “Workload

per hectare”. They have been renormalized according to the maximum value found in the
sample. In this way, we can ensure that all indicators are expressed in the same scale and it
also allowed detecting outliers and remove them from the sample.

The summary statistics of the obtained indicators are reported here in Table 1.
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Indicator

Min

25%

Sustainability
50%

Mean

75%

Max

0

0.03

0

0.99 0.10

0.02

0

0.93 0.12

Nat. Veg.

0

0

0.06 0.17

Soft Till.

0

0

0

Pas. & Gras. 0

0

0.1

Winter Cov.

0

0

0

No Pestic.

0

0

0.22 0.37

No Irrig.

0

0

0.07

No Fert.

0

N. Crops

0.02 0.04 0.06 0.12

No Herb.
Short Circ.

Renew. En.

0

0

0

0

0

0.35 0.45

0.15 0.66 0.57

0.25 0.25 0.46
0

0

0.01

Weight

Intensification

Indicator

Min

25%

Arable

0.01 0.49 0.81 0.71

Max

Weight

1

1

0.11

0.40 1

0.10

0.03 1

0.13

Hard till.

0

0

0.24 0.36

0

0.04

Irrig.

0

1

1

0.92

1

Fert.

0

0

0.65 0.55

1

1

0.72 1
1

0.12

Pestic.

0.11

Herb.

1

0.08

0.13 1

0.11

1

1

0.75 1

0

1

0.10

0.05

Income

Work Load

0

0

0

0.1

75%

Perm. Crops 0

0

0

Mean

0.28 0.98 0.04

Greenhouse 0

0

50%

0.25

0.28 0.78 0.63
0

0.33 0.42

0.01 0.08 0.15 0.23
0.01 0.01 0.03 0.07

0.1

0.93 0.10

0.71 1

1

1

0.06

0.14

1

0.11

0.84 1

0.11

1

0.30 1
0.07 1

0.08
0.12
0.07

Table 2: Summary statistics and weights of the normalized indicators
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Weighting and aggregation: For aggregating the two families of indicators (sustainability and

intensification) into two separate composite indicators, we have at least two choices. The first
one is to use the standard mean, i.e. we assign equal weights to all indicators, assuming that
they are equally “worth” in the final composite. The drawback of this solution is that correlated

indicators will “count double” in the final composite. One alternative solution is to assign
weights to the indicators in order to account for the maximum variance in the final composite.

To do that, we applied Principal Component Factor Analysis (see OECD, 2008, Step 6, pag. 89)
separately to the two sets of indicators. The resulting weights are showed in Table 2.

Visualization of the results: Once the composite indicators have been computed, the farm

scores can be represented in a scatter plot in which the horizontal axis corresponds to the
sustainability index (S in [0,1]) and the vertical axis corresponds to she intensification index (I

in [0,1]). The most performing farmers in terms of sustainable intensification correspond to
those points in the SI-plane that are closer to the Pareto front.

As a preliminary data exploration, we tried to identify if there was some farm practices and
characteristics that give a hint of the farm performance in terms of sustainable intensification.

To do that, we separate points in the scatter plot by means of different colours that represent

the categories of a specific variable (either a farm characteristic or a farm practice). We
considered the following list of variables in Figures 4-18:


Farmer characteristics: birthdate, sex, education, years of experience and presence of a



Farm characteristics: main type of farming/production, UUA, type of land ownership (%



successor of the farm owner.

of owned/rented UAA), and presence of Ecological Focus Area.

Farm practices, infrastructure and investments: Presence of Internet connection, use of
technical software, presence of storage units, rotation of crops (during the same year),
organic farming, and other labelling.
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In each graph in Figures 4-18, we also added a spline line for each category with its

corresponding colour. Spline lines represent the mean behaviour of the farms belonging to a
specific category and help identifying trends and differences between the classes. For example,

if we look at the variable “Ecological Focus Area” (Fig. 12), it seems that the presence of

Ecological focus area promotes a good performance in terms of sustainable intensification. On
the other hand, if we look at the variable “Sex” (Fig. 5) it emerges that female farm-owners

tend to have a more sustainable behaviour than their male counterparts, that in change are
more performing in terms of intensification.
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Intensification

Sustainability
Figure 4: Scatter plot of SI with respect to the owner’s year of birth.
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Intensification

Sustainability
Figure 5: Scatter plot of SI with respect to the owner sex.
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Figure 6: Scatter plot of SI with respect ot the owner level of education.

[14]

Figure 7: Scatter plot of SI with respect to the presence of a successor of the farm.
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Figure 8: Scatter plot of SI with respect to farm surface.
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Figure 9: Scatter plot of SI with respect to the presence of Ecological Focus Areas.
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Figure 10: Scatterplot of SI with respect to the presence of Internet connection.
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Figure 11: Scatter plot of SI with respect to the use of a technical software.
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Figure 12: Scatter plot of SI with respect to the practice of crop rotation during the same campaign.
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Figure 13: Scatter plot of SI with respect to organic farming.
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Figure 14: Scatter plot of SI with respect to labelled horticulture production.

From the proposed figures, we can already see if some farm characteristics are related to their

SU behaviour. In particular, we can see that the age of the owner, the years of experience on
farming, the existence and the type of succession attended for the farm and the dimension of
the farm are not particularly related to SI. In fact, the observed farms are randomly dispersed

and we cannot identify a particular path on the graph linked to the characteristic. We can
instead observe some interesting pattern observing the behaviour of the farm considering for
instance the owner education level. As we can see from the figure, farmers having an university
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education degree are in general more located on the front of the graph, meaning that they
have a more efficient behaviour in terms of SI. This is still more clear for the ecological focus

areas and also for the variable indicating the “innovation degree” of the farm, such as the use
of internet or the use of specific management software or the labelling system. If we observe

the organic farming variable, we can see that the organic farms are in most part located on the
more sustainable part comparing to the total sample.

Farm classification: From the previous figures, we can see that it is not easy to understand the

contribution of each variable to characterize the SI behaviour of a farm. In fact, a farm is
characterised by a bunch of different variable describing the whole complexity of the farming

systems, going from physical and economic dimension of the farm until the age or the scholar

level of the farmer. In order to have a better description considering this complexity, we

proposed to classify the whole sample of farms in some typologies based on the main farm
characteristics.

In order to avoid endeogenity between the farm characterisation and the assessment of farms’

SI, we never used variables already considered among the SI indicators.
characteristics used for the classification were:


Dimension of the farm (UAA)



Education level of the owner and years of experience on farming











The farm

Age and sex of the owner

Presence and type of successor (e.g. family succession or not)
Land ownership

Presence of linear or punctual natural element (hedge, trees, terracing)
Use of internet for the farm management

Use of specific software for farm management
Presence of crop rotation

Organic farming practices
Labelling
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Presence of storage units

We used a hierarchical clustering technique that suggested an optimal number of 4 groups of
farms (Fig. 18).

Figure 2: Cluster dendogram issued from hierarchical classification of farms by their characteristics and
practices. The graph suggests an optimal number of 4 groups.

Farm characteristics and practices are unevenly distributed across the four groups, as depicted
in Figures 19 and 20, and suggests the following interpretation of the four groups:




Group 1 (118 farms): small farms, with quite old farmers, owner of their land and

mainly familiar (not considering the possibility of a succession, or at least familiar
succession). Low level of education, without internet and very few labelling.

Group 2 (175 farms): Small farms, old farmers and low level of rentability, most family
farms, low level of education, without internet and very few labelling.
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Group 3 (125 farms): Big farms in terms of dimension but not very economically

rentable, young owners, few organic farms, low level of land ownership, mainly

secondary education, good use of internet and presence of ecological focus area but


low level of crop rotation.

Group 4 (106 farms): medium size farms, very economic rentable, young farmers with
a good proportion of organic farming and a few level of land ownership. They are

probably not family farms and in fact the succession is not known on most part, the

level of education is higher than the other classes and the use of internet is almost
100%. They have labelled production, a high level of ecological focus area and they use
crop rotation on farming.

Figure 3: Summary of farm characteristics w.r.t.. the four classes of farms
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Figure 20: Summary of farm characteristics w.r.t. to the four classes of farms

Furthermore, if we project the classification into the scatter plot of SI, similarly to what we have
done in Figures 3-17, we immediately recognize that certain groups are more performing than

other in terms of sustainable intensification (Fig. 19). Notably, farms classified in the fourth
group seem to outperform the rest of sample. Secondly, group 1 is close to the Pareto front
but it is always dominated by group 4. Finally, groups 2 and 3 are by far the worst performing
in terms of SI, and are somehow interchangeable.

Finally, we also looked at how the four groups are distributed across the Vaucluse department,
but it seems that there exists no spatial trend between the classes and the geography (Fig. 20).
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Figure 4: Scatter plot of SI with respect to farm classification.
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Figure 5: Geographical distribution in the Vaucluse department of the four classes of farms.
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