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Abstract 
In this paper is described one of our most successful projects, which was the establishment 
of a Model for Agricultural Production Planning in 21 rural areas (“comarcas”) of Galicia. The 
first part of our research consisted in obtaining field information about these areas. Fieldwork 
was carried out between 2002 and 2004, and consisted of 4.348 surveys made to farmers 
from  these 21 “comarcas” of Galicia, more than 350 interviews to experts, and of course 
bibliographic, statistical and cartographic research. The second part consisted in the 
generation of a Model for Agricultural Production Planning (including agricultural and 
livestock farming, and forestry), which could be used for decision-making assessment in the 
application of policies, programs and plans at this “comarca” scale. It was created to be an 
instrument to plan agricultural uses of land, to rationalize and optimize the sustainable 
exploitation of rural soils, and to achieve higher levels of rural development The core of this 
model was the establishment of 44 indicators of sustainability (social, environmental and 
economical indicators), and the integration of them in a computer application. 

 

Keywords: Agricultural Production Planning, indicators of sustainability, indicators of rural 
development. 

 

1. Introduction 
By the end of 2001, the University of Santiago de Compostela, under a form of joint venture 
(Unión Temporal de Empresas or UTE) with EIDO GALICIA, S.L. Consultants, successfully 
tendered for a contract to provide technical assistance on the project ‘Development of 
Agricultural Production Planning Surveys in 22 comarcas of the Autonomous Community of 
Galicia, 2001-2002’, funded by the Galician Administration.  (UTE EIDO-USC, 2004) 

The aim of our Agricultural Production Planning Studies was to generate an objective Model 
of Agricultural Production Planning (comprising agriculture, farming and forestry) to support 
and dynamize production sectors, which could be used as a decision-making tool to 
implement policies, schemes and plans aimed at rural comarcas (Andersen et al, 2007)The 
model was used as an instrument to allocate agricultural land uses, to rationalize and 
optimize the sustainable use of rural land and to promote rural development (Álvarez et al., 
2008; Riveiro et al., 2008). 
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The Objective Agricultural Planning Model for Galician Comarcas synthesizes the information 
pertaining to the distinctive features of the current situation and of the parameters that 
govern the evolution of the situation based on the analysis of a number of elements that 
characterize the agricultural subsystem of an area (natural environment, socioeconomic 
conditions, infrastructure and legal framework). By using this model, the potential situation of 
agricultural production in the area considered can be delineated. (De Wit & Van Keulen, 
1988; Riveiro et al. 2005). 

Agricultural Production Planning was considered as a process for the spatial organization of 
agricultural and forestry products that allocated specific land uses to priority land areas at the 
comarca level. The aim of such a spatial organization process was to achieve sustainable 
development by optimizing agricultural production systems according to structural and 
socioeconomic conditions and by considering environmental concerns (Riveiro et al., 2005). 

The Comarcas included in the Agricultural Production Planning research were: 

• Province of A Coruña: Arzúa, Bergantiños, Noia, Ordes, Terra de Melide and Ortegal. 

• Province of Lugo: A Fonsagrada, Os Ancares, Terra Chá, A Ulloa, A Mariña Occidental 
and Terra de Lemos. 

• Province of Pontevedra: O Baixo Miño, Tabeirós-Terra de Montes, Caldas, O Salnés 
and A Paradanta. 

• Province of Ourense: Terra de Celanova, Terra de Trives, O Ribeiro, O Carballiño and 
A Limia 

 
Figure 1: Location of the 22 comarcas studied in the Autonomous Community of Galicia, NW Spain. 

 

2. Methods 

2.1. Characterization of Comarcas 

The characterization phase involved the systematic and comprehensive collection of data 
pertaining to aspects that could be used to describe the current situation of the structures 
and productive sectors that form the agricultural structure of the comarca 

The collected data were structured into three levels: 
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1) ‘Objective information’, obtained by reviewing all the documentary sources available 
(literature, maps, statistics, internet information…). 

2) ‘Field information’, obtained from a survey on the agricultural sector that was conducted 
through direct and personal interviews with experts who were well acquainted with the 
situation of the comarca (more than 350 experts over the 22 comarcas studied).  

3) ‘Individual information’, obtained from a field survey among 4384 farm owners of all the 
parishes and productive sectors in the different comarcas. The farmers survey was a 
valuable source of information because it checked a variety of aspects related to the attitude 
and competence of producers, which is particularly relevant in the assessment of the 
response of affected farmers to the implementation of specific measures and actions. 

2.2. Zoning of Comarcas 

Although the contract was regional in scope, the research team searched for homogeneous 
units within the regions or comarcas in order to increase the definition of the Objective 
Agricultural Planning Model and to correct the internal heterogeneity of comarcas. The 
defined homogeneous units were composed of groups of parishes with similar 
characteristics. The research scope changed then from a municipal to a parish range; that 
meant an additional effort to obtain the pertinent information. 

Based on parish units, the regional territory was subdivided into a number of units with a 
given level of homogeneity that could be useful in crop planning.  To delineate such units, the 
environmental, structural and socioeconomic characteristics of the different parishes were 
analyzed. The 88 units resulting from the subdivision of comarcas were termed Ecological 
and Economic Units (EEUs) and became the basic units of analysis and production of 
results. 

The method used to perform such a subdivision was based on multivariate cluster analysis. 
Cluster analysis is aimed at solving problems in the classification of variables into 
homogeneous groups. Consequently, cluster analysis defined parish groups (EEUs) or 
clusters, so that the variance between variables of the same group was minimized and the 
variance between variables of different groups or EEUs was maximized. 

2.3. Data management 

After the main characteristics of the initial situation were known and every comarca was 
divided into homogeneous units, the following step was to compare the suitability of every 
crop or land use for a given Ecological and Economic Unit (EEU). To that end, the so-called 
Suitability Matrix was constructed to contrast the information obtained from the 
characterization of comarcas for every EEU and every crop and land use considered. 

2.4. Estimator design 

To construct the matrix, a set of ‘Sustainability Indicators’ or ‘Estimators’ was defined. 
Sustainability indicators provide information about the social, environmental or economic 
constraints that determine the feasibility of farms for a given agricultural or forest land use in 
every EEU. These estimators used information from the 1999 Agricultural Census, and also 
from the conducted interviews and surveys. 
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By constructing estimators (one for each answer -or group of answers- to the survey, one for 
each specific aspect -or group of data- from the Census), the total score obtained (number of 
positive responses or specific value), which was interpreted in absolute terms, was 
transformed into a relative value that was used to compare different EEUs and Comarcas. By 
using relative values, the deviations of the analyzed values (e.g. responses to survey 
questions or census data) from the mean of the entire set of comarcas can be known. 

The general construction of the estimators is described below. There are three types of 
estimators, classified according to the operational procedure used: simple, complex and 
composite estimators. The method developed to obtain a Simple Estimator can be best 
described by way of an example. Let us consider the percentage of positive responses to a 
question in the field survey, named question K. The construction of the corresponding simple 
estimator, EK, consists of the following steps: 

1. Estimation of the percentage of positive responses to question K (or aspect K) in Unit 
X, denoted by PK,X. 

2. Estimation of the percentage of positive responses to question K (or mean value of 
aspect K) for the whole set of comarcas, denoted by PK,T. This value, which coincided 
with the mean value of positive responses, was assigned a Simple Estimator EK value 
of 0.5. 

3. Search for the Unit with the lowest value of positive responses to question K (or 
minimum value of that aspect) from among the whole set of comarcas. Such a value 
was denoted as MINK, and was assigned a Simple Estimator EK value of 0. 

4. Search for the Unit with the highest value of positive responses to question K (or 
maximum value of that aspect) from among the whole set of comarcas. Such a value 
was denoted as MAXK, and was assigned a Simple Estimator EK value of 1. 

5. The value of the Simple Estimator EK for Unit X was obtained by interpolation: if the 
value of PK,X was lower than the mean for the Comarcas, the EK value for Unit X was 
obtained by interpolation between MINK and PK,T. If the value of PK,X was higher than 
the mean, the EK value for Unit X was obtained by interpolation between PK,T and 
MAXK. Figure 2 shows the construction method. 

Highest % of positive responses

% of positive responses for unit X

Average % of positive responses

Lowest % of positive responses
Value of the 
estimator for 

unit X

0,0 0,5 1,0

 
Figure 2: Conversion of total scores into homogeneous units.  
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Simple estimators were built such that low values of the estimator (minimum = 0) 
represented frequencies of positive responses below the mean for the comarcas, and high 
values of the estimator (maximum = 1) represented frequencies of positive responses above 
the mean. The mean value for the comarcas was set at 0.5. 

Such a method was valid when assessing responses to simple questions. However, the 
response could sometimes take more than two values (positive/negative) or values lying in 
different ranges. In such cases, another type of estimator had to be defined: Complex 
estimators. 

The methods used to construct Simple or Complex estimators can be used to construct 
virtually any numerical value based on field survey values (% positive or negative responses 
to over 60 questions) or census values (% area allocated to a specific land use, as compared 
to the average for Galicia). The problem comes down to simplifying the information available, 
which is too rich and sometimes redundant, and to applying it to a suitability matrix. 

For simplification purposes, Composite estimators were constructed. Composite estimators 
were used to group (as a mean or weighted mean) the responses to two or several related 
questions, such that the value of each estimator provided considerably more information than 
the mere survey results or census data. 

2.5. Suitability Matrix 

The Suitability Matrix included two sets of elements, grouped into ‘Rows’, in which up to 50 
different crops or livestock productions were represented, and ‘Columns’, in which up to 44 
sustainability indicators were identified and tabulated.  

A suitability matrix was constructed for each EEU, such that a total of 88 suitability matrices 
were obtained. Each matrix contained data pertaining to the estimators for the relevant area 
and assessed such information for every product. 

 

The suitability of the crop or land use ‘n’ was equivalent to the following value: 

 

            (1) 

 

 

Where: 

PSn: Total value of the suitability of crop or livestock product ‘n’ for an EEU, between a 
minimum value of 0 and a maximum value of 1000. The matrix construction method allows 
for the comparison of the PSn value obtained with the values obtained for other EEUs, such 
that the suitability of the different comarcas for producing a crop or land use can be 
compared. 

WFi: Weighting factor for Constraint i. Weighting factors are used to adjust the relative 
weights of the different constraints or limiting factors. Weighting factors are constant for all 
the EEU and crops, but can be modified by the user. 
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TEi,n : Transformed Estimator of Weighting Factor i for crop or land use n. The transformed 
estimator stands for the value of the sustainability indicator defined to characterize 
constraint/limiting factor i, weighted for each specific crop or land use. The weighting factors 
defined above are unique because each estimator is weighted for each crop. 

By calculating Suitability PSn, a numerical value between 0 and 1000 is obtained that 
includes the weighted sum of the different estimators by crop and EEU, and represents the 
potential carrying capacity for a crop or land use in an EEU. 

This value presents two remarkable characteristics:  

- It represents a relative comparison value among the 50 crops/land uses considered. This 
allows to set a hierarchy for these productions in the EEU, and so to establish the most 
suitable crops/land uses for that EEU, which will undergo the following analysis.  

- Suitability Values are obtained through a homogeneous method for all the EEUs, so it is 
possible to recognize for which Units a crop/land use is more suitable, thus the suitability 
values for a crop or land use can be organized by EEU into a hierarchy. 

Each factor was assessed by using the sustainability criteria defined in the above section, 
and could be transformed into numerical values that varied for every EEU and crop or land 
use.  

2.6. Calculation of Transformed Estimators 

A key element must be considered in the calculation of transformed estimators: the 
sensitivity of every crop or livestock product to each of the issues included in the numerical 
values of the estimators. For example, one can obtain a numerical value for the average 
slope of a given geographical area, and this value will be included numerically in the Slope 
Estimator. However, the effect of slope on the suitability of a crop is dependent not only on 
the average slope value, but also on the suitability of the slope value obtained for crop 
productivity. Thus, slope values exceeding 10% may impede the introduction of a given crop 
in an area, while the same slope range may be suitable for other crops. 

Accordingly, the value of each estimator must be adjusted to the sensitivity of each crop or 
livestock product. For that purpose, various transform functions were applied. These 
transform functions were different for each estimator and for each crop or livestock product 
considered within each estimator. By applying the specific transform function for a crop to an 
estimator, a new value was obtained: the Transformed Estimator. 
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Table 1: List of Estimators (I). 
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Table 1.List of Estimators (II) 

Table 1: Shows the 44 estimators used in the model and the weights assigned to each estimator. 

 

3. Results 
To illustrate the potentials of the model, an example is provided below. The example 
discusses the results obtained for Baixo Miño, a comarca located in Southwest Galicia; more 
specifically, for its EEU-1.  

The five EEUs obtained from the spatial zoning process were distributed as shown in Map 1.   
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Figure 3: Division of Baixo Miño comarca into EEUs. 

 

Table 2 includes the results of the suitability matrix for EEU-1, and table 3 the joint analysis 
of the matrix for EEU and crop (Mixed classification). 
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 Table 2: Suitability matrix for EEU-1 
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Table 3: Mixed matrix for EEU-1 /crops. 

 

As shown in Table 2, the most suitable crops are horticultural crops, followed by a group of 
crops composed of cut flowers, vineyard, mirabelle plum (native variety of plum, Prunus 
domestica L. var. syriaca) and ornamental plants. The analysis of the overall assessment of the 
results sorted by order (relative classification within an EEU, obtained from the suitability 
matrix) and magnitude (overall classification of a crop or land use for all the comarcas 
considered as a whole) and summarized in Table 3, coincides with the situation shown in the 
previous table, only with some differences in the relative position of crops, which do not affect 
the election of the suitabilities assessed. Mirabelle plum ranks first because of the current 
weight of the crop, which is limited to the Baixo Miño comarca. 
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The main factors that maximize the suitability of these crops and uses are:  

- Horticultural crops: The EEU presents good weather conditions for this product. 
Availability of established commercial channels and a processing industry in the region. 
High membership of farmers to associations or groups. The comarca is near seasonal 
consumption areas. Availability of hired labour. High potential for these crops.  

- Cut flowers under cover: Proximity to large seasonal consumption areas. Availability 
of hired labour. High current weight of the crop.  

- Vineyard: Good suitability of the EEU for this product. Good integration of the crop in 
the agricultural landscape of the EEU. Good marketing conditions, favoured by the 
existence of a good commercial channel, the strong presence of processing industries 
in the region, and the availability of hired labour. PDO Certificate.   

- Mirabel: Good marketing conditions, favoured by the existence of a good commercial 
channel, and presence of processing industries in the region. Proximity to large 
seasonal consumption areas, and high potentiality of internal markets. Availability of 
hired labour. Production of the crop is almost exclusive of the region. High potentiality of 
the crop.   

- Ornamental plants: Good integration of the crop in the EEU, as the climate is very 
suitable for this product. Good marketing conditions, favoured by the existence of a 
good commercial channel and a high potentiality of the foreign markets. Availability of 
hired labour. High current weight and potentiality of the crop.  

 

4. Conclusions 
Our first consideration for the drawing of conclusions is based on the premise that no model, 
regardless of its quality, can replace the work of a technician; we expect it to be an efficient 
help. 

The model presented in this paper has proved useful in agricultural production planning and 
has enabled the Galician Administration, Xunta de Galicia, to define operational measures and 
action policies based on the results of the model.  

Moreover, comparative assessment methods, which are typical of project engineering, have a 
high potential for prioritizing objectives and for using all the information available.  

This model can be further developed by introducing more (comprising more aspects) and better 
(more detailed) information. The expansion of the model to the whole Autonomous Community 
of Galicia would produce more efficient assessments. Furthermore, in the decision process new 
indicators can be introduced, or existing ones improved.  

Obviously the model must be more deeply tested, and is widely open to new improvements, 
particularly in aspects as the weighting coefficients for the indicators or the automatic use of 
transformed indicators to obtain an immediate assessment system. The limitations of the model 
derive from two main aspects: 1) the need to analyze the weighting of the indicators, i.e. the 
relative weight of each indicator in the final result and 2) the use of transformations that 
represent the suitability of environmental factors for the characteristics of each crop or land use. 
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