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Abstract
Agro-ecological indicators are useful tools to provide synthetic representations of agricultural systems. Simple in-
dicators can be combined to calculate cross indicators, for example efficiencies, calculated as a ratio between two
simple indicators. In sustainability studies, efficiency is frequently calculated in energy terms (energy output / en-
ergy input); however, other “output” and “input” terms can be used. In this study, we evaluated how the ranking
of systems changes when different metrics of agricultural production (economic gross margin vs. energy output) and
resource use (nutrients inputs and surpluses, fossil energy inputs, economic costs) are used. The calculations were
carried out for a study area in northern Italy (Sud Milano Agricultural Park), characterised by intensively cultivat-
ed arable cropping systems (cereals and forage crops).
Crop types were ranked differently when metrics changed. In general, maize (a highly productive crop) had good
performances when evaluated using the output / input energy ratio, while rice was good when we used the ratios
based on gross margin. When energy or monetary outputs were divided by N surplus, all crop types had very sim-
ilar median values, suggesting a common energetic and economic efficiency of N use. Overall, different cross indi-
cators may provide a different representation of the system studied. This means that it is not possible to provide a
unique synthetic evaluation of sustainability, which instead depends on the indicator(s) chosen. We conclude that it
is very important to clarify the objective of sustainability studies and to select accordingly the most adequate indi-
cators.

Key-words: Efficiency, fossil energy, nutrient balance, sustainability assessment, variable cost.

1. Introduction

The evaluation of environmental impact of
modern agriculture is an issue of increasing im-
portance (Matson et al., 1997; Tilman et al.,
2002). Different tools are available to describe
and quantify the potential and actual impacts of
agricultural systems: direct measurements, sim-
ulation models, and simple or composite indi-
cators, each having different levels of applica-
bility and different potential explanation of the
system (Malkina-Pykh, 2002; Bockstaller and
Girardin, 2003; Castoldi and Bechini, 2006).

Indicators are largely used, due to their sim-
plicity and to the low amount of data necessary
for the calculation. However, this simplicity may
limit the analysis and the interpretation of the
system. Simple indicators describe the perfor-

mance or impact of a single aspect of agricul-
tural systems (e.g. nutrient balance, gross in-
come, pesticide exposure, etc.). Contrary to sim-
ulation models, simple indicators do not con-
sider the relations among different aspects of
agro-ecosystems, while composite indicators
analyse these interactions using mathematical
relations (e.g. a ratio) among simple indicators.
Simple indicators are usually expressed per unit
area or per unit yield, while composite indica-
tors have more complex units, such as “eco-
nomic unit per impact unit” or “energy unit per
economic unit”.

The choice of the units used for indicators is
important: for example, van der Werf et al.
(2007) demonstrated that the expression of the
results per unit area or per unit product pro-
vides a different ranking among the systems
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analysed. Usually, composite indicators describe
a ratio of flows, with the numerator represent-
ing the output flow, and the denominator the in-
put flow. The use of the term “efficiency” is not
always correct because frequently the ratio is
calculated between two indicators with different
units, and therefore the result is not dimen-
sionless. For this reason, we use the term “cross
indicator” to identify the ratio between two sim-
ple indicators.

An extensive environmental and economic
analysis on agricultural systems in northern Italy
has been recently conducted using 18 indicators
(Bechini and Castoldi, 2009), separately describ-
ing economic performance, nutrient and energy
management, potential impact of pesticide use
(toxicity and exposure), and effect of crop man-
agement on soil quality. Only one of these indi-
cators was a cross indicator, calculated as the ra-
tio between output and input energy flows (two
simple indicators), thus describing the depen-
dency of food and feed production on non-re-
newable energy (Biermann et al., 1999). The out-
put / input energy ratio uses at the numerator
the calorific energy content of the above ground
biomass, but does not take into account its qual-
ity (e.g. the potential use for human diet, the con-
tent of proteins or particular amino acids, the di-
gestible percentage of biomass, the fibre or lignin
content, etc.). The selling price of the products
might, at least partially, surrogate the quality of
biomass; therefore the energy output might be
substituted with the gross margin, thus obtaining
an economic/energetic cross indicator. For this
reason, in this work we tested a set of indicators
obtained as a ratio between two simple indica-
tors: at the numerator we put either energy out-
put or gross margin; at the denominator we put
simple indicators describing the performance of
cropping systems for some problematic issues in
the Sud Milano Agricultural Park (PASM; Be-
chini and Castoldi, 2009).

2. Materials and methods

2.1 Studied area and farms monitored

The PASM (45°N, 9°E; 47,000 ha, of which
35,000 are agricultural) is a regional metropoli-
tan agricultural Park embracing the city of Mi-
lan (northern Italy). The Park is located in a
plain area (altitude from 80 to 160 m asl; aver-

age slope of 0.3%), with prevalence of loam,
sandy-loam, and silt-loam soils. The climate is
sub-humid; the average annual rainfall is about
950 mm. Temperatures increase from January
(average minimum: -1.2 °C and maximum: 4.9
°C) to July (average minimum: 17.7 °C and max-
imum: 29.2 °C). The annual reference evapo-
transpiration (ET0) is on average 800 mm with
a peak in July (daily average of 5 mm d-1); ET0
exceeds rainfall from May to September. The
agricultural systems are intensive, with moder-
ate to high yields. The most important crops are
maize (Zea mays L.), rice (Oryza sativa L.), per-
manent meadows, winter barley (Hordeum
spp.), Italian ryegrass (Lolium multiflorum
Lam.), winter wheat (Triticum aestivum L.), trit-
icale (Triticum × Secale), and soybean [Glycine
max (L.) Merr.].

Seven farms were selected to collect detailed
data about crop management (Bechini and Cas-
toldi, 2009). These were two dairy farms, two
swine farms, two rice farms, and a mixed farm.
Livestock farms had different animal weight per
unit area (animal density). These farms were vis-
ited periodically during the period October 2004
- October 2006, and, through face-to-face inter-
views with farmers, management data on 266
field × year combinations (“crops”) were col-
lected (125 maize, 51 rice, 62 permanent mead-
ows, 12 winter wheat, 10 winter barley, 2 Italian
ryegrass, 2 triticale, and 2 soybean).

The data were related to: tillage (date and
type), sowing (date, dose, species, variety, and
cost), fertiliser and manure application (date,
dose, nutrient concentrations, and cost), pesti-
cide application (date, dose, active ingredient
concentrations, and cost), irrigation (date and
type), harvest (date, yield, humidity, type of har-
vested product, and selling price). Livestock
management was also monitored by collecting
data about the number, average weight and type
of animals on the farm and their feed rations.

2.2 Simple and cross indicators

A set of 15 indicators was selected from litera-
ture (Castoldi and Bechini, 2006; Castoldi et al.,
2007) and calculated for each crop monitored;
in addition, three indicators of soil management
were calculated at the crop succession (i.e. field)
level (Bechini and Castoldi, 2009). Out of the
18 indicators, we used only the following in this
research: variable costs (VC); gross margin
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(GM, the difference between gross income and
VC); N (NS) and P (PS) soil surface balances;
the sum of direct and indirect energy inputs
(EnIN) for gasoline, lubricants, pesticides, fer-
tilisers, seeds, and machinery (Biermann et al.,
1999); energy output (EnO, calculated as the
calorific energy content of the above ground
biomass); and the output / input energy ratio
(EnO/EnIN).

Variable costs were the sum of the costs for
pesticides, fertilisers, seeds, gasoline, and lubri-
cants. Gross margin was calculated as the gross
income (the yield of harvested product multi-
plied by its selling price) minus VC.

The soil surface balance (Parris, 1998) was
calculated as the difference between the nutri-
ents entering the soil and those leaving the soil
with crop uptake. The nutrient inputs were cal-
culated as the sum of the amounts of nutrients
applied with chemical fertilisers and manures,
nutrients returned to soil with residues origi-
nating from the previous crop, atmospheric de-
position, biological fixation of leguminous crops;
the output was the sum of nutrients removed
from soil with crop residues, and with useful
product exported from field. The amount of nu-
trients in the irrigation water was considered
negligible. Ammonia volatilisation and denitrifi-
cation were not considered because the infor-
mation available was insufficient for their esti-
mation; hence they are part of NS. Positive soil
surface balances indicate nutrient accumulation
in the soil or losses to the environment; nega-
tive balances indicate potential nutrient deple-
tion from soil.

In the research presented here we calculat-
ed several cross indicators, using the ratio be-
tween GM or EnO (as numerator) and either
EnIN, VC, N input (NIN), P input (PIN), NS or
PS as denominator (Tab. 1). We have chosen

EnO and GM as numerators (“output” term) in
order to put the emphasis either on net prima-
ry productivity (amount of solar energy assimi-
lated, regardless of the quality of biomass ob-
tained) or on its economic value. The indicators
used as denominators (“input” term) represent
fluxes that enter or exit the agro-ecosystem, rep-
resenting either an economic or energetic cost
(VC and EnIN), a nutrient input (NIN and
PIN), or a potential nutrient loss (NS and PS);
nonetheless, all these terms can be viewed as a
support to crop cultivation, i.e. flows that are
necessary to sustain agricultural production.

Cross indicators were calculated on 29 silage
maize crops (MS), 96 grain maize (MG), 62 per-
manent meadows (PM), 51 rice (R), 12 winter
wheat, and 10 barley (B). Cross indicators were
calculated also on Italian ryegrass, soybean, and
triticale (2 crops monitored for each species),
but the results are not shown due to the small
number of cases available.

3. Results and discussion

3.1 Cross indicators

The elevated energy investments in rice culti-
vation (corresponding to high VC; R2 between
VC and EnIN = 0.78) are economically prof-
itable thanks to the high selling price, despite
that the yield (and the corresponding EnO) is
not particularly high compared to other crops.
On the contrary, for maize the economic return
is guaranteed by the large amount of biomass
produced rather than by the price of the prod-
uct. This explains the energy efficiencies depict-
ed in Figure 1A, which were maximum for silage
maize and minimum for rice: the low energy ob-
tained from rice cultivation and the high ener-
gy inputs necessary for this crop yielded low val-
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Table 1. Cross indicators used to describe cropping systems management in the Sud Milano Agricultural Park (northern
Italy). See the text (paragraph 2.2) for details on indicators calculation.

–––––––––––––––––––– Denominator –––––––––––––––––––– ––––––––––––– Numerator –––––––––––– 
Indicator name Acronym Units Energy output Gross margin

EnO (GJ ha-1) GM (€ ha-1)
Fossil energy inputs EnIN GJ ha-1 EnO/EnIN GM/EnIN
Variable costs VC € ha-1 EnO/VC GM/VC
N input NIN kg N ha-1 EnO/NIN GM/NIN
P input PIN kg P2O5 ha-1 EnO/PIN GM/PIN
N surplus NS kg N ha-1 EnO/NS GM/NS
P surplus PS kg P2O5 ha-1 EnO/PS GM/PS

•Italian Journal v. 5-1-2010  12-03-2010  10:38  Pagina 21



ues of EnO/EnIN (on average 8.6 GJ GJ-1; Fig.
1A); the opposite was true for maize (on aver-
age 15.0 and 12.6 GJ GJ-1 for MS and MG, re-
spectively). For barley, the average value of
EnO/EnIN was 14.7 GJ GJ-1: barley easily ex-
ploits the residual soil fertility, and irrigation,
pesticide application and post harvest opera-
tions are seldom necessary.

The energetic return of the invested money
was studied by using VC as denominator instead
of EnIN (Fig. 1B). In this case, permanent
meadows reached the best performance, with an
average of 1.1 GJ €-1; the median of rice was
ranked in the last position, and maize was in-
termediate. As for the previous indicator, also
in this case the high costs for rice production
were not counteracted by a high quantity of bio-
mass production. As previously noted for bar-
ley, the effectiveness of permanent meadows
demonstrates the good performance of the ex-
tensive systems, when evaluated with these in-
dicators (EnO/EnIN and EnO/VC).

The picture described by the energetic re-
turn of the nutrients applied (EnO/NIN,
EnO/PIN; Fig. 1C and 1D) was rather different.
Permanent meadows obtained the worst values,

due to relatively large amounts of nutrients ap-
plied (through manure in particular), and to the
fact that the yield of meadows was not particu-
larly high in all the systems monitored (the
dairy farm with the lower livestock density had
remarkably lower yield for meadows compared
to the other dairy farm). For the other crops
(maize, rice, wheat and barley), assuming that
the amount of N applied (NIN) was similar to
that taken up in the crop aboveground biomass,
the relative similarity of the median values of
EnO/NIN (Fig. 1C) was probably due to the rel-
atively narrow range of aboveground N con-
centrations (1.05 – 1.55 g N kg-1) and of specif-
ic calorific energy contents of biomass (16.8 –
19.0 MJ kg-1).

The nutrient surpluses for maize were usu-
ally higher than for the other crop types (Be-
chini and Castoldi, 2009), but it is remarkable
that the ratios among energy outputs and nu-
trient surpluses (Fig. 1E and 1F) were similar to
those obtained for permanent meadows and rice
(crops having lower nutrient balances); this was
due to larger energy output for crops (like
maize) that had higher nutrient surpluses. The
energy return per unit of nutrient surplus there-
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Figure 1. Boxplots representing the distributions of cross indicators, defined as the ratio among Energy Output (“En
output” in the graphs) and either: (A) energy inputs (“En input” in the graphs), (B) variable costs (VC), (C) ni-
trogen inputs, (D) phosphorus inputs, (E) nitrogen surplus, or (F) phosphorus surplus calculated for 260 monitored
crops over two years in the Sud Milano Agricultural Park (northern Italy). Crop types: MS: silage maize; MG: grain
maize; PM: permanent meadows; R: rice; W: winter wheat; B: barley. The boxes indicate the 1st and 3rd quartiles of
the distribution, the bold line is the median, and the bars are the maximum and minimum.
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fore suggests that nutrient management for
maize was not less effective than for other crops,
because the environmental effect (nutrient sur-
plus) was partially compensated by the high lev-
el of production. The foodstuff necessary for hu-
man and animal nutrition in a specific region can
be obtained by cultivating a larger area in an ex-
tensive way or a smaller area intensively; in the
latter case, the environmental pressure due to nu-
trient load is more concentrated. At the region-
al level the average environmental pressure is the
same in the two cases, but the adoption of the
intensive systems leaves more non-agricultural
area to provide ecosystem services (e.g. recre-
ation, conservation of biodiversity, regulation of
water cycle; Tilman et al., 2002).

When gross margin was used to represent the
output flow (as the numerator in the cross indi-
cators; Fig. 2), crop types had a different ranking
compared to when energy was used. Considering
the economic return of invested energy
(GM/EnIN; Fig. 2A), grain maize was on average
the worst crop type (34.3 € GJ-1), while barley
performed very well (82.9 € GJ-1). Even if with a
statistical distribution richer in lower values, rice
had a similar median compared to barley.

The economic efficiency (ratio between eco-
nomic output and input, GM/VC; Fig. 2B)
showed good results for barley and permanent
meadows, due to their low cultivation costs. The
other cereals scored relatively bad, due to high
VC. Rice is cultivated on large areas in the
PASM, despite its low economic efficiency; this
suggests that farmers are more interested in the
maximisation of the net return per unit area
rather than per unit of money invested.

The gross margins obtained per nitrogen and
per phosphorus input (GM/NIN, GM/PIN; Fig.
2C and 2D) were high for barley, wheat, and
rice, due to low nutrient inputs. For these indi-
cators, permanent meadows obtained very poor
values due to low gross margin and high nutri-
ent inputs.

Gross margin per N surplus (GM/NS; Fig.
2E) was higher for rice and lower for the oth-
er crops; for grain maize (average 10.4 € kg-1 N)
the low GM/NS was due to the elevated nitro-
gen surplus (176 kg N ha-1 on average; data not
shown). Winter wheat and barley had in sever-
al cases negative values of GM/NS, due to neg-
ative N balances. The GM/PS ratio (Fig. 2F) was
in many cases negative, in particular for silage
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Figure 2. Boxplots representing the distributions of cross indicators, defined as the ratio among Gross Margin (GM)
and either: (A) energy inputs (“En input” in the graphs), (B) variable costs (VC), (C) nitrogen inputs, (D) phos-
phorus inputs, (E) nitrogen surplus, or (F) phosphorus surplus calculated for 260 monitored crops over two years
in the Sud Milano Agricultural Park (northern Italy). Crop types: MS: silage maize; MG: grain maize; PM: perma-
nent meadows; R: rice; W: winter wheat; B: barley. The boxes indicate the 1st and 3rd quartiles of the distribution,
the bold line is the median, and the bars are the maximum and minimum.
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maize and rice, because soils with a high con-
centration of extractable phosphorus (frequent-
ly found in the PASM: Castoldi et al., 2009) do
not require P fertilisation; therefore in these
cases P balances are negative.

Farmers cannot easily increase the numera-
tor of the cross indicators presented in Figure
2, because they cannot influence selling prices,
and yields in the studied area are already ele-
vated. Therefore, cross indicators related to nu-
trient use and economic output could be im-
proved by optimising nutrient management. The
optimisation of N and P management would re-
duce nutrient inputs and therefore surpluses.
The improvement of nutrient management re-
quires periodic preparation of nutrient man-
agement plans at the field level.

In addition, the large variability of cross indi-
cators demonstrated that some of the systems
monitored were managed better than others, indi-
cating space for improvement in many situations.

3.2 Rankings

In order to compare the six crop types, the rank
of each crop has been calculated separately for
each cross indicator: the crop with the highest
value for the indicator was assigned a rank
equal to one, while the crop with the lowest val-
ue had a rank equal to 260 (260 being the num-
ber of crops monitored). Then we calculated the
average of the ranks by crop type (Tab. 2).
When ranks are averaged, it is obviously im-

possible to find the limits 1 and 260, because
crops lying at the extremes of the distribution
are averaged with other crops belonging to the
same crop type. For example, even if barley
would occupy the first ten positions, its mean of
ranks would be (1 + 2 + 3 + ... + 10) / 10 = 5.5.

Silage maize in general obtained intermedi-
ate ranks (Tab. 2), with the exception of
EnO/EnIN, that on average was better than for
the other crops (position 63), due to the high
biomass production and the corresponding
EnO; on the low-performance side for silage
maize, EnO/PS and GM/PS had average ranks
199 and 186, respectively: this was due to the
tendency to apply a high amount of manure in
excess of crop needs. This is true for N (Bechi-
ni and Castoldi, 2006), but is even more impor-
tant for P. For example, a maize crop that re-
ceives liquid dairy manures in excess of N, will
have a greater excess of P in relative terms, be-
cause this liquid dairy manure has a lower N:P
ratio (3.2) compared to maize plants (4.7; Grig-
nani et al., 2003). Grain maize did not obtain
good (i.e. low) average ranks for any cross in-
dicator (they were all higher than 106), and ob-
tained bad ranks for GM/EnIN and GM/VC
(189 and 187, respectively). Permanent mead-
ows obtained extreme ranks: good when eco-
nomic costs were considered (for EnO/VC and
GM/VC), and bad for cross indicators related to
nitrogen and phosphorus inputs (average ranks
above 195). Rice obtained rather good results for
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Table 2. Mean of ranks of cross indicators obtained for six crop types monitored in the Sud Milano Agricultural Park,
northern Italy (the lower the rank, the better the performance of the crop type).

Crop type

Silage Grain Permanent Rice Winter Barley
maize maize meadows wheat

Number of crops monitored 29 96 62 51 12 10

Cross indicator
EnO/EnIN 63 115 136 213 171 97
EnO/VC 102 142 61 239 158 68
EnO/NIN 86 116 235 77 129 94
EnO/PIN 76 131 217 81 138 98
EnO/NS 96 136 146 120 206 181
EnO/PS 199 113 133 160 74 124
GM/EnIN 145 189 112 83 95 44
GM/VC 148 187 54 156 94 40
GM/NIN 113 152 222 37 71 46
GM/PIN 109 162 195 44 99 66
GM/NS 120 166 133 74 181 157
GM/PS 186 106 133 179 72 135
Average rank 120 143 148 122 124 96
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most cross indicators related to GM; the two in-
dicators that on average did not perform well for
rice were EnO/EnIN (213) and EnO/VC (239),
due to the low energy output (on average 194
GJ ha-1). Winter wheat obtained good average
ranks for indicators where the output flow was
GM, with the exception of GM/NS (181), while
for the cross indicators related to EnO the aver-
age ranks were in general higher, with a maxi-
mum value for EnO/NS (206). Barley performed
well, and usually the average ranks were low,
with the exception of EnO/NS; for this crop the
average of ranks for all cross indicators was equal
to 96 (Tab. 2), the lowest among the crop types
compared here. The single crop that obtained the
lowest average rank (42.4) was a grain maize cul-
tivated in the intensive swine farm, that obtained
ranks lower than 50 for eight indicators and high-
er values for GM/PS (59), EnO/PS (63),
GM/PIN (143) and EnO/PIN (158).

The mean of ranks demonstrated that there
was not a “best” crop type that on average per-
formed better than the others for all the cross
indicators considered: none of the 260 crops
monitored had a rank lower than 100 for all the
12 cross indicators. This was also partly demon-
strated by the Spearman correlation coefficient
calculated between pairs of indicators (Tab. 3);
this coefficient was usually low when calculated
between cross indicators with different input
flows, and high for many cross indicators with
the same input flow (e.g. between EnO/PS and
GM/PS, and between EnO/VC and GM/VC).

Cross indicators discriminated the perfor-
mance of crop types and provided in some cases
a different picture compared to that of simple in-
dicators (Bechini and Castoldi, 2009). For exam-
ple, by definition, excessive nutrient surpluses

(not rated well when considered as single indica-
tors) were a concern for maize and not for rice
(Bechini and Castoldi, 2009); however, when sur-
pluses were related to economic or energy pro-
duction, the differences were much less pro-
nounced: the cross indicators GM/NS (and
EnO/NS) state that N management in maize (fre-
quently characterised by excessive N application
and high N surplus), when analysed in relative
terms, was not so different from N management
of the other crop types. The performances of bar-
ley were good when analysed both by simple in-
dicators (Bechini and Castoldi, 2009) and cross
indicators. The performance of permanent mead-
ows was rather good if several simple indicators
(soil management, energy inputs, pesticide use,
nutrient surplus) were used (Bechini and Castol-
di, 2009); the picture changed, however, with cross
indicators, due to the relatively low (if compared
to cereals) dry matter production.

Comparisons like the one presented here are
not frequent. Van der Werf et al. (2007) have
compared three management scenarios for pig
farming, using five evaluation methods that dif-
fered for several aspects, including the mode of
expression of the results (for the farm as a
whole, per unit area or per unit product). They
found out that the relative ranking of the three
scenarios varied considerably depending on the
method and, specifically, on the mode of ex-
pression of results. Their conclusion was that re-
sults should be expressed both per unit area and
per unit product.

We have seen that efficiencies may vary sub-
stantially according to the output (numerator)
and input (denominator) term chosen for the
analysis. What can be then recommended to car-
ry out sustainability evaluations? It should be
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Table 3. Spearman correlation coefficients among pairs of cross indicators (for the acronyms, see Tab. 1).

EnO/EnIN EnO/VC EnO/NIN EnO/PIN EnO/NS EnO/PS GM/EnIN GM/VC GM/NIN GM/PIN GM/NS GM/PS

EnO/EnIN 1.0022 0.702 0.232 0.162 0.152 0.032 0.3122 0.332 0.062 0.012 -0.072 0.102
EnO/VC 1.002 -0.332 -0.352 -0.022 0.172 0.3022 0.712 -0.352 -0.362 -0.112 0.232
EnO/NIN 1.002 0.802 0.432 -0.192 0.1722 -0.292 0.792 0.692 0.312 -0.192
EnO/PIN 1.002 0.432 -0.342 0.1422 -0.272 0.692 0.862 0.332 -0.362
EnO/NS 1.002 -0.172 0.0922 0.002 0.252 0.372 0.862 -0.122
EnO/PS 1.002 0.0522 0.162 -0.082 -0.262 -0.162 0.972
GM/EnIN 1.0022 0.782 0.552 0.492 0.382 -0.042
GM/VC 1.002 0.042 0.032 0.222 0.112
GM/NIN 1.002 0.842 0.412 -0.152
GM/PIN 1.002 0.492 -0.322
GM/NS 1.002 -0.172
GM/PS 1.002
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reminded that simple indicators would either
promote intensive systems with high biomass
production (if output indicators are chosen) or
low-input / low-emission systems (if pressure in-
dicators are used). Therefore, we suggest that
cross indicators, which provide a useful synthe-
sis of two (sometimes competing) issues, should
be included and evaluated together with simple
indicators, to obtain a broad and comprehensive
sustainability assessment. Another option is to
calculate indexes that integrate several indica-
tors into a unique value (e.g. Meul et al., 2008).

Conclusions

In order to describe the relations among out-
puts and inputs of arable cropping systems in
northern Italy, a set of cross indicators was cal-
culated using simple agro-ecological and eco-
nomic indicators. These indicators provided a
different picture of cropping systems compared
to the application of simple indicators. More-
over, we evaluated the changes in ranking of
arable crops sustainability when different met-
rics of productivity and costs (either environ-
mental or economic) were used. Crop types
were ranked differently when metrics changed,
with good scores for maize if energy productiv-
ity was considered, and for rice when econom-
ic productivity was adopted.

When decision makers have to define the
agricultural and environmental policies, they
need specific tools to describe the sustainabili-
ty of different agricultural management prac-
tices. These assessments have to be based both
on the evaluation of a single issue (usually
through simple indicators, e.g. energy consump-
tion, nutrient losses, pesticide impact, etc.) and
on the efficiency of the agricultural processes,
described by composite indicators, such as the
cross indicators analysed here. This research
showed that the judgement on crop management
obtained by simple indicators is not the same
compared to that obtained with cross indicators.

Therefore, when planning a sustainability as-
sessment, it is important to clearly define the
objective of the research, together with all the
stakeholders involved. Then the indicators (sim-
ple or cross) can be tailored to the specific ob-
jectives of the assessment.
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