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ABSTRACT 

 
The state owned TRAGSA Group companies in Spain has introduced a multi criteria 
analysis for irrigation by integrating social, economic, technologic, institutional, legal 
and environmental components under changing priorities and relevance, and under 
climate change perspective. 
 
These methodologies and tools have allowed the technical assistance for the 
elaboration of works on national and regional entity irrigation areas. The highlights are 
the support to the Spanish Irrigation Plan(PNR) studies, the Special Plan for the Alto 
Guadiana aquifer, Murcia Region Irrigation Plan, Environmental Monitoring Program 
of PNR and some pilot irrigation areas, Analysis of costs of regulation and use of 
irrigation water, Study of the organization of the workflow and the production in the 
irrigating communities and others. This array of different projects led to a wider 
approach to irrigation sustainability. 
 
A multi criteria tool for irrigation is shown as an applied example of those previous 
experiences and their integrated philosophy. The software was developed in a GIS 
platform for the identification of the potential irrigable areas in Argentina. This 
consulting was done for the FAO (2013-2015), within the Provinces Agricultural 
Services Program (PROSAP), which has an agreement to improve the agricultural 
sector efficiency and the living conditions of the small and medium size producers.  
 
This multi criteria tool integrates and exchanges alphanumeric and cartographic 
information into a thematic structure of five blocks of analysis (technical, 
environmental, social, economic and institutional) generating irrigation geo-referenced 
layers. Using the combination of the GIS coverage and its multi criteria weighting, it 
allows the analysis of the irrigation sustainability with different indicators and climate 
change scenarios, and produces the estimate of irrigation potentiality index for each 
area. 
 
Keywords: Multi criteria tools, irrigation, sustainability, indicators, climate change. 
 

1. INTRODUCTION 
 
The TRAGSA Group consists of a cluster of state-owned companies that forms part 
of the Spanish State Society of Industrial Participations. The supervisory Ministry is 
the Ministry of Agriculture, Food and Environment of Spain. The company’s track 
record spans more than thirty years and it is currently an integral service provider and 
benchmark in the execution of projects for government departments. 
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The group has undertaken over 200,000 projects, both national and international, in 
different areas of activity. These strengths complement the Group’s expertise in R&D, 
leading to state of the art technological solutions and the highest quality services. 
 
The group is made up of TRAGSA, the company in charge of carrying out works and 
services, and TRAGSATEC, the company that undertakes engineering and 
consultancy projects, providing technical assistance within all the Group areas of 
activity. These two companies enable the Group to perform all stages of any project, 
from the idea and design phase right through to its execution. The TRAGSA Group 
companies provide technical services to central and regional governments and their 
agencies. 
 
TRAGSATEC was created in 1989 and today delivers qualified consultancy services, 
developing and implementing advanced technological solutions. Over the last four 
years, the company has worked on over 2,000 projects. It offers a wide and varied 
range of services in the environmental, infrastructures, building and architecture, 
water, health, fishing, engineering, consultancy and technical assistance fields. 
 
The company operates in every region of Spain, employing over 4,500 people. The 
company’s international track record includes more than 120 Spanish cooperation 
projects in over 35 countries in North Africa, Sub-Saharan Africa, Latin America and 
the Caribbean, Asia, Europe and the Middle East.  
 
FAO and TRAGSA Group have a memorandum of understanding as a framework for 
cooperation to contribute to the achievement of Sustainable Development Goals. 
Particularly in actions for agriculture, forestry and fishing more productive and 
sustainable, promoting the establishment of agricultural systems and food integrators 
and efficient. 
 

2. METHODS 
 
The tool for irrigation developed in Spain has been the National Irrigation Plan 
(MAPA, 2001), (MAPA, 2014). It implemented different works and baseline studies 
that allowed an analysis and diagnosis of irrigation, defined priorities and objectives 
and generated action programs. 
 
The characterization of irrigation areas included the following activities: 
 

(a) Collecting and analysis of existing information. 
(b) Inventory of organizations and individual farmers. 
(c) Selecting study areas. 
(d) Design of questionnaires and standards. 
(e) Interviews and field tours. 
(f) Creating geographic and documentary databases. 

(g) Data validation. 
(h) Results. 

 
The characterization includes data about main features, climate, soil, water source, 
water quality, water resources, water supply, irrigation method, irrigation rate, 
irrigation costs, infrastructures, primary irrigation network, secondary irrigation 
network, drains, rural roads, agricultural farms, commercialization or environmental 
impacts. This experience sustains the solid foundation of the subsequent technical 
theme though many other issues were included too. Social indicators were taken into 
account as the irrigation play an important balance role in Spanish rural development 
(MAPA, 1997), (MAPA, 2004). 
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Figure 1. Overall irrigation planning methodology.Spanish Irrigation Plan H-2008 
(MAPA, 2001 

 
 
 
 

 
 
Figure 2. Irrigation description form for Irrigation Associations. Spanish Irrigation Plan 

H-2008 (MAPA, 2001). 
 
 
Moreover, the Plan has drawn thematic mapping on irrigation about significant 
variables of geo-referenced information. 
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Regarding economic studies that helped to develop this topic for further irrigation 
planning, an example is the analysis of costs of regulation and use of irrigation water, 
to implementation of the European Water Framework Directive (2000/60/CE).In fact, 
water cost has always played a key point in irrigation (San Sebastián, J. et al., 
2007_2), (Maestu,J.et al., 2007). 
 
 

 
 

Figure 3. Map of irrigable and irrigated area in Spain. Strengthening and 
improvement program (MAPA, 1997). 

 
 

  
 

Figure 4. Influence of increase in the price of irrigation water on the irrigation system 
applied and water supply (example). Analysis of costs of regulation and use of 

irrigation water (MAPA, 2002) 
 
Another point of view is that the landscape is an integrating factor of irrigated land. In 
this sense, landscape assessment allows to study the global effects of irrigation 
(García-Asensio, JM. et al., 2006_2). 
 
Environmental approach to irrigation has been the National Environmental Monitoring 
Program (MAPA, 2004-2009), with the main objective to ensure the sustainability of 
irrigation and achieve a thorough knowledge of all its possible implications (San 
Sebastian, J. et al., 2007_1). 
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In order to accomplish this work, it was necessary a multidisciplinary group and the 
development of the following activities: 
 

(a) Cooperation with the different administrations. 

(b) Analysis of environmental impact statements (Garcia-Asensio, JM. et al., 
2006_1). 

(c) Environmental monitoring of irrigation systems by remote sensing; 800,000 
hectares and 39 irrigation areas (Garcia-Asensio, JM. et al., 2005). 

 
Design of a system of indicators; 38 indicators in 10 blocks (irrigation, water, soil, 
habitats and biodiversity, landscape, agricultural chemicals, waste, climate change, 
management and socioeconomics) (Garcia-Asensio, JM. et al., 2008). 
 
Training of irrigators and technicians in environmental issues. 

 

 
 

Figure 5. Remote sensing to the study of irrigation areas (example). Environmental 
Monitoring Program (MAPA, 2004-2009). 

 
A first experience on how to prioritize irrigation with a combination of several themes 
on a GIS is the Irrigation Plan of Murcia Region (DGDR Murcia, 2003 and 2011). The 
study covered the following activities: 
 
Creation of a tool based on GIS consultation; with a field work covering 200,000 ha. It 
integrates plots, road infrastructure, irrigation network, water management, agrarian 
structure and degree of market integration. 
 
Establishment of a methodology for prioritization of works according to technical, 
economic and environmental indicators; for budgetary planning available among 144 
irrigation collectives 
 
2.1 Monitoring the actions of irrigation 
 
A technical assistance has been the Support for the drafting of Studies PNR H -2020 
(MAPA, 2014), after a few years of operation of the prior PNR H-2008.Studied 
parameters are the profitability of farms according to changes in established crops 
and means of production, changes in supply for irrigation, changes in the rural 
population, changes in irrigation management, environmental aspects, impact costs 
and especially energy. The experience of a previous planning and the analysis of its 
consequences on rural areas and their agricultural efficiency were crucial for the new 
scheduling. 
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Figure 11. Modernization of an irrigated area (example).Support for the drafting of 
Studies PNR H-2020 (MAPA, 2014). (Modernisation d’une area arrosé (exemple). 

Appui pourl’esquisse des études du Plan National d’Irrigation H-2020) 
 
And finally, some examples of GIS application viewers, where the potential of this tool 
to illustrate sustainability indicators for irrigation is exposed. 
 

 
 
Figure 12. Public works viewer for the location of activities of the Ministry of 
Agriculture of Spain.Support for the drafting of Studies PNR H -2020 (MAPA, 2014)  
 

 
 
Figure 13. Viewer implemented for visualization of data related to irrigation planning. 

Preparation of the Kayes Region Irrigation Director Plan, Mali (AECID, 2016) 
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2.2 Irrigation Potential Study in Argentina - FAO- PROSAP 
 
This study is the result of a research for the design of public policies on irrigation, 
within the framework of Argentina's commitment to the sustainable management of 
water resources, taking in consideration the effects of climate change (FAO, 2015). 
Part of the agreement signed between the PROSAP and FAO was funded by the 
World Bank (PROSAPII-7597-AR). 
 
The overall objective of the work was to systematize data collection and develop 
analytical tools to generate a useful platform for technical information, related 
institutions and decision makers. This will enable to enrich and improve the 
knowledge baseline, to make irrigation development proposals and define investment 
scenarios identifying benefits and associated impacts. 
 

3. RESULTS AND DISCUSSION 
 
In the previous projects the multi criteria approach methodology (García-Asensio, JM. 
et al., 2008) has been developed increasing the type and number of factors to be 
considered. The effort to increase the influence of environmental and social issues 
over the classic technical and economic issues in irrigation planning and projects is 
hard to express as it has been a gradual change. Consequently, a GIS tool has been 
selected to show that workflow philosophy applied to irrigation planning in a huge and 
diverse area (San Sebastián, J.et at., 2008). 
 
This tool allows integrating information from many different sources and getting 
graphical results as a system of decision support with meaningful information about 
the potential of irrigated areas and by establishing diverse multiple criteria weighting. 
 
FAO and the Provincial Agricultural Services Program (PROSAP) signed a technical 
assistance agreement, co-financed by the World Bank, entitled "Institutional 
Development for Investment” (UTF/ARG/017/ARG). It has the general objective of 
improving the living conditions of small and medium producers by increasing 
agricultural investments that favour its development. 
 
One of the specific objectives is to conduct sectorial studies that contribute to the 
generation or adjustment of public policies, as well as identifying priority areas for 
provincial or national investment. In this context, this study aims to identify the 
"Potential Irrigation Expansion in Argentina", facing the current and future context. 
 
The Republic of Argentina has 39 million hectares cultivated, and around 2.35 million 
hectares irrigated. Areas according to irrigation systems are distributed as follows: 
83%gravity, 12% sprinkler and 5% located irrigation. The estimated average 
efficiency of irrigation is only 35-40%. As for the surface irrigation potential, it is 
estimated to reach 16 million hectares. 
 
The conceptual unification of all generated layers (water, soil, economic, institutional 
and legal, etc.), was developed with the collaboration of TRAGSA Group, through a 
tool that enables diverse assessments. Those consider the variables and scenarios 
obtained by establishing different weights of technical, economic, social and 
environmental indicators for prioritization (FAO, 2014-2015). 
 
The ultimate goal of this tool is allowing decision makers to identify actions to expand 
irrigation in Argentina, considering investments, strategies, policies and possible 
mechanisms for implementation. Parameters should always staywithin a strategy of 
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sustainable development to preserve natural resources. The conceptual scheme 
proposed for the design and development of the tool has been the following: 
 

(a) Establishment of thematic blocks. 
(b) Collecting and categorizing available information. 
(c) Proposing a methodological tool based on a potential irrigation rate (IPI). 
(d) Defining operating bases. 

 
Chosen GIS software was ArcGis version 10.2 for "Spatial Analyst." Programming 
was done in Python, facilitating the design of an interface that would weigh indicators 
(layers) and blocks. The resulting information is shown in the form of potential 
irrigation area maps in raster format with different cell size , based on the resolution of 
the layers involved from 90 x 90 meters cells, to the default 500 x 500 meters cell. 
 
3.1 List of blocks and indicators 
 
There are 5 big thematic groups and 102 shapes/indicators. 
 
(a) Technical (21 indicators): soil texture, sprinkle irrigation restrictions, surface 

irrigation restrictions, drip irrigation restrictions, soil depth, alkalinity, drainage, 
climate change scenarios, salinity, main crops (sunflower, maize, soya) 
production increase with rain-fed or irrigated agriculture… 

(b) Environmental (20 indicators): climatology, erosion risk, physical limitation, 
slopes, soil chemical restrictions, vegetal cover, distance to Protected Natural 
Areas, vulnerable ecological regions… 

(c) Social (7 indicators): rural employment, female rural population, priority areas 
for indigenous communities… 

(d) Economic (21 indicators): Provincial investment in irrigation, profitability, 
internal rate of return, investment on canals, pumping or wells, optimal 
investment for surface water or groundwater… 

(e) Institutional (33 indicators): Financial aids to irrigation, institutional 
management legislation for irrigation, availability of water resources data, 
water prices, property, and public participation 

 
3.2 Potential Irrigation Index 
 
The goal of the tool has been to reach a measured value of potential for irrigation. A 
multidisciplinary team conducted a joint assessment of all information layers (different 
units) from a standard legend referenced to the unit (with no dimension). So the 
following assessment for the potential irrigation index (PII) was obtained. 
 

Table 1. PII assessment for each indicator and standard legend. 
 

CATEGORY PII 

No data 0 

Exclusion for irrigation NULL 

Maximum limit for irrigation 0,01-0,24 

Medium limit for irrigation 0,25-0,49 

Low limit for irrigation 0,5-0,74 

Minimum limit for irrigation 0,75-0,99 

Absence of limitations 1 
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This indicator is determined for each value of every major field of each layer. It 
combines with their counterparts in the selection of layers to obtain a final value 
calculated with the same ranges as shown above. 
 
It should be noted the importance of the difficulty of establishing these intervals along 
with choosing which are the basis of technical discussion for the different layers that 
are to be used. 
 
3.3 Technical, environmental, economic, social and institutional scenarios 
 
The combination of different indexes and their relative weighting allows the study of 
various scenarios for irrigation, with different priorities and multidisciplinary 
assessments. 
 

  

Figure 6. Technical scenario Figure 7. Environmentals cenario. 

 
 

Figure 8. Economic scenario Figure 9. Social scenario 

  



2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.3.3.06 

 

 
10 

 

 
 

Figure 10. Institutional scenario 
 
Consistency and representativeness of the data is contrasted with pilot experiments 
and with support from local experts. 
 

CONCLUSIONS 
 
The reality of irrigation, as a rural and regional development tool, requires analysing 
multiple variables, incorporating different points of view and encouraging social 
participation. 
 
The quality of the input data to obtain reliable results is essential. Data sources 
ranging from indirect to direct field measurements. In turn, it’s necessary the 
integration of shapes of heterogeneous information in formats, temporary assignment, 
scales and different aggregation levels. Therefore, it needs multidisciplinary teams to 
treat with the utmost rigor information base. 
 
The multi-criteria analysis technologies based on geographic information systems 
(GIS) permits the use of a large amount of territorial information grouped in different 
thematic blocks, to incorporate different approaches according to their relevance. 
The potential irrigation index (PII) allows synthesizing and systematizing the meaning 
of each layer of information. However, the criteria used it is essential to interpret their 
territorial relevance. 
 
The weight of each scenario of irrigation (technical, environmental, economic, social 
and institutional) lets incorporate and integrate territorial balances priorities for 
decision making. 
 
The use of a larger number of indicators for monitoring the actions of irrigation 
illustrates the evolution over time and the different impacts of the rural development 
policies. 
 
GIS viewers empower data processing and consulting professional at a friendly user 
level. 
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