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Introduction and goal

• Sustainability is one of the major objectives of EU agricultural policy. 

To attain a sustainable agriculture we need: 

– a combination of strong economic performance with a sustainable 

use of nature (eco-efficiency)

– to develop methodologies to measure and promote actual eco-

efficiency achievements.

• The goal of this study is to evaluate the eco-efficiency of agricultural 

production by applying two DEA based methods to a case study of 

tigernut production in Valencia (Spain). 
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Methodology: 

Eco-efficiency ratio

Measurement of economic performance: EVA

• Economic Value Added: Difference between the sale price of a product and the cost

of intermediate inputs (it does not include costs of land, labour and capital goods)

Measurement of environmental impacts: LCA

• Life Cycle Assessment (LCA): tool that analyses in an objective, systematic and 

scientific way the environmental impact caused by products or processes. 

• Stages of LCA: 

– Goal and scope definition: functional unit and system boundaries definition

– Inventory analysis: collection of environmentally relevant information 

– Impact assessment: inventory data are assigned to the potential impact 

categories to which they contribute. To this aim the aggregated emissions of 

each substance are multiplied by a characterization factor. 
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Methodology: 

Integration of environmental impacts

Environmental Impact

Global Warming

kg eq CO2

Eutrophication

kg eq PO3-
4

Acidification

kg eq SO2

Depletion of abiotic resources

kg Sb

Photo-oxidants formation

kg eq C2H4

Ozone depletion

kg eq CFC11
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While humans are good at finding important variables, they are not as 

good integrating such diverse information sources optimally (Meehl, 1954).

Meehl, P.E. (1954). Clinical Versus Statistic Prediction: A Theoretical Analysis and a Review of the Evidence. (University of Minnesota Press, 

Minneapolis).

Human toxicity Potential

kg DCB

Ecotoxicity Potential

kg DCB



Methodology: DEA integration model

VA i : economic added value for farm i

wj: weighting of environmental impact category j

zij:  measure of environmental impact  category j for farm i 5
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DEA drawbacks

DEA  weightings can be inconsistent:

– With prior knowledge

– With accepted views on the relative values of the impact

categories

Large weightings may be assigned to environmental impacts of

secondary importance
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Methodology: 

Integration of environmental impacts

Environmental Impact

Global Warming

kg eq CO2

Eutrophication

kg eq PO3-
4

Acidification

kg eq SO2

Depletion of abiotic resources

kg Sb

Photo-oxidants formation

kg eq C2H4

Ozone depletion

kg eq CFC11
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Human toxicity Potential

kg DCB

Ecotoxicity Potential

kg DCB

How to integrate human accepted views?

How to integrate environmental impacts? DEA

AHP



Methodology: 

Analytical Hierarchical process (AHP)

Judgment matrix of impact categories built from pair-wise comparisons made 

by experts

Judgments on the comparative importance of the impact categories are 

captured using a 1-9 rating scale

The weightings of the impact categories are calculated from the judgment 

matrix using the eigenvector method
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AHP structure
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Global impact
categories

Regional impact
categories

Toxicity impact
categories

Global Warming

Depletion of 
abiotic resources

Photo-oxidants
formation

EcotoxicityEutrophicationAcidificationOzone depletion Human
toxicity

Human views

4 pair-wise matrices



Methodology: DEA+AHP integration

model
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Case study

Tigernuts crop (Cyperus sculentus L.)

32 farms belonging to the Appellation of Origin Xufa de València

Conventional farms (28) and organic farms (4)

10,6%  of the crop area

Average surface: 1,71 ha

Personal interviews: environmental impacts and costs
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Case study
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Differences and common aspects in production techniques

Conventional farms Organic farms

Chemical fertilizers and pesticides Cow or sheep manure

Tigernut plants dried and straw burnt before tigeruts harvesting

Weed treatment: faster drying Natural drying

Gravity irrigation (groundwater or superficial)

Similar yields: average yield 19.440 kg/ha

0,56 €/kg (wet tigernuts) 1,20 €/kg (wet tigernuts)



Example pair-wise comparisons
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Global impacts Regional impacts Toxicity

Global impacts 1 5    3    

Regional impacts 1/5 1    1/3

Toxicity 1/3 3    1    

Groups of impact categories Weighting

Global impacts 63,33%

Regional impacts 10,62%

Toxicity 26,05%

Intensity of 
importance Definition 

1 Equal importance
3 Moderate importance
5 Strong importance
7 Very strong or demonstrated importance
9 Extreme importance

2, 4, 6, 8 For compromise between above values
Reciprocals of 
the above

Fundamental scale for paired comparison Pair-wise matrix



Results AHP
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Min Impact category Max

1,83% ≤ Acidification Potential (AP) ≤ 13,37%

1,61% ≤ Abiotic Depletion (ADP) ≤ 38,00%

5,39% ≤ Global Warming Potential (GWP 100 years) ≤ 40,11%

5,67% ≤ Ozone Layer Depletion Potential (ODP, steady state) ≤ 51,02%

3,33% ≤ Ecotoxicity Potencial (ETP) ≤ 28,68%

0,89% ≤ Eutrophication Potential (EP) ≤ 13,74%

1,52% ≤ Photochem. Ozone Creation Potential (POCP) ≤ 10,69%

6,51% ≤ Human Toxicity Potential (HTP inf.) ≤ 43,02%

Range of shares of the virtual impact



EE scores comparison

15

0,00

0,20

0,40

0,60

0,80

1,00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Ec
o

-e
ff

ic
ie

n
cy

Farm

DEA

DEA+AHP



Results
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FARM ADP [kg Sb] AP [kg SO2] EP [kg PO4
-3] Ecotox GWP [kg CO2] HTP [kg DCB]

ODP [kg R11-
Equiv.]

POCP [kg 
Ethene-Equiv.]

EVA

EE score EE+AHP score

conv 1 7.65E-04 0.163 0.034 5.546 1.282 0.155 4.83E-09 0.121 0.821 0.82 0.61

conv 2 5.64E-04 0.155 0.032 0.246 1.194 0.097 2.09E-09 0.114 0.384 0.41 0.33

conv 3 9.56E-04 0.148 0.031 5.080 1.184 0.355 5.35E-09 0.117 0.200 0.22 0.14

conv 4 9.56E-04 0.148 0.031 5.080 1.184 0.355 5.35E-09 0.117 0.200 0.22 0.14

conv 5 8.65E-04 0.112 0.023 1.315 0.798 0.086 6.00E-09 0.097 0.405 0.57 0.46

conv 6 5.99E-04 0.166 0.034 1.844 1.184 0.120 6.19E-09 0.133 0.303 0.29 0.24

conv 7 5.12E-04 0.179 0.037 5.362 1.293 0.175 9.83E-10 0.133 1.068 0.98 0.79

conv 8 5.12E-04 0.090 0.019 0.340 0.583 0.080 2.38E-09 0.108 0.362 0.56 0.50

conv 9 5.28E-04 0.043 0.010 6.100 0.056 0.162 3.63E-09 0.133 0.380 0.87 0.73

conv 10 4.36E-04 0.141 0.029 7.530 1.019 0.185 2.08E-09 0.105 0.423 0.49 0.38

conv 11 1.18E-03 0.163 0.033 3.232 1.299 0.152 1.73E-08 0.125 0.482 0.48 0.35

conv 12 1.12E-03 0.173 0.036 0.220 1.381 0.116 1.51E-08 0.133 0.457 0.43 0.34

conv 13 5.17E-04 0.094 0.020 2.312 0.632 0.106 3.44E-09 0.100 0.350 0.54 0.43

conv 14 5.91E-04 0.155 0.032 0.335 1.204 0.103 3.97E-09 0.114 0.359 0.38 0.30

conv 15 7.80E-04 0.136 0.029 0.294 0.989 0.101 1.38E-09 0.125 0.426 0.47 0.41

conv 16 6.17E-04 0.149 0.031 0.093 1.090 0.085 2.45E-09 0.111 0.386 0.42 0.36

conv 17 5.46E-04 0.122 0.025 0.523 0.859 0.091 3.42E-09 0.111 0.426 0.54 0.45

conv 18 5.10E-04 0.154 0.032 0.462 1.135 0.094 3.39E-09 0.114 0.381 0.41 0.34

conv 19 7.18E-04 0.136 0.029 0.615 1.015 0.106 3.59E-09 0.125 0.377 0.42 0.35

conv 20 7.49E-04 0.179 0.037 1.190 1.320 0.117 2.62E-09 0.133 0.401 0.37 0.30

conv 21 5.80E-04 0.121 0.025 0.523 0.838 0.090 2.85E-09 0.111 0.406 0.51 0.44

conv 22 1.22E-03 0.057 0.014 0.605 0.160 0.125 6.38E-09 0.173 0.257 0.43 0.39

conv 23 4.32E-04 0.149 0.030 0.102 1.076 0.083 2.18E-09 0.111 0.365 0.40 0.34

conv 24 5.69E-04 0.033 0.008 1.395 0.090 0.083 2.65E-09 0.102 0.275 0.70 0.61

conv 25 5.71E-04 0.045 0.011 0.326 0.092 0.095 4.34E-09 0.137 0.372 1.00 0.87

conv 26 5.27E-04 0.036 0.008 0.523 0.043 0.081 2.11E-09 0.111 0.428 1.00 1.00

conv 27 7.16E-04 0.045 0.011 0.872 0.108 0.111 2.21E-09 0.133 0.369 0.75 0.71

conv 28 1.25E-03 0.193 0.041 2.804 1.646 0.157 5.73E-09 0.142 0.075 0.06 0.05

org 1 2.86E-04 0.163 0.037 0.018 1.159 0.089 8.05E-11 0.121 1.071 1.00 1.00

org 2 2.41E-04 0.489 0.100 0.016 4.237 0.102 6.78E-11 0.111 0.907 1.00 0.91

org 3 3.63E-04 0.247 0.054 0.019 1.911 0.102 1.02E-10 0.133 0.959 0.81 0.77

org 4 9.76E-04 0.235 0.051 0.018 1.894 0.104 1.50E-08 0.125 0.926 0.84 0.71

>percentil 80 >percentil 80

p20-p80 p20-p80

<percentil 20 <percentil 20

Org 1 and org 2
-High EVA
-low ADP, ODP

-Low ecoTP, HTP

Conv 25 and conv 26
-medium EVA
-low AP, EP
-Low GWP
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Discussion and conclussions
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• The use of DEA techniques to measure eco-efficiency provides an objective 

method of weighing the environmental impacts, irrespective of individual 

thoughts and preference.

• The fact of obtaining unbalanced weightings may cast doubts on this 

technique.

• The combination with AHP allows the experts opinions to be integrated and, 

thus, weightings to be obtained within the expected limits

• The model could be useful to discard extreme farms or scenarios that are 

favored by showing a good performance in just one impact category.


