
European Water 59: 441-446, 2017. 
© 2017 E.W. Publications 

Utilizing earth observation systems towards the implementation of Nexus 
approach for achieving sustainable water management at a river basin 
scale 

G. Zalidis1,2 
1 Aristotle University of Thessaloniki, School of Agriculture, Laboratory of Remote Sensing, Spectroscopy and GIS, 54124 
Thessaloniki, Greece 
 2 Interbalkan Environment Center, Loutron 18, 57200, Lagadas, Greece 
e-mail: zalidis@agro.auth.gr 

Abstract: Information derived from Earth Observation systems can act as a catalyst for an enhanced and holistic understanding 
of processes in the Earth system, the development and effectiveness of policies and the monitoring of sustainable use 
of water resources at river basin scale. In this context, they can facilitate the intensification of agricultural production, 
while taking into account the principles of a low-input sustainable agriculture that can monitor functional properties 
related to energy and water use efficiency. The current approach puts major emphasis on utilizing existing in situ 
networks and develop infrastructure strategies, bridging them with new technologies (e.g. unmanned platforms, 
advanced sensory systems), in order to monitor agro-environmental directives and providing outcomes more efficient 
and targeted for the implementation of the Sustainable Development Goals, at different temporal and spatial scales 
and in a holistic fashion. An approach of integrating water, energy and agricultural production at the watershed level 
was implemented in the framework of transboundary territorial projects at the Strymon and Nestos watersheds. Via a 
series of indicators, inputs and outputs to the system were quantified and the efficiency of using energy and water-soil 
resources as related to food production has been evaluated. The results of those projects indicated the necessity of 
implementing the Nexus approach in dynamic systems regarding water resources. This necessity is highlighted by 
existing GEO Initiatives, EO in-situ networks and their data integration with spaceborne data aiming at developing the 
strategic planning and the road map to implementation of nexus approach on management of natural resources. 
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1. INTRODUCTION  

It is widely acknowledged that the combined pressures, such as the growth in world’s 
population, the overexploitation of natural resources, the urbanization and the globalization, the 
increase in agricultural production, the excessive application of fertilizers and chemicals, the 
intensive livestock operations, the disposal of high volumes of untreated wastewater and solids and 
the climate change, have resulted in an enhancing number of environmental problems (Dou et al., 
2009). These generally take the form of pollution, depletion or degradation of water, air and soil. 
Soil erosion, water salinity and pollution, desertification, forest depletion and coastal degradation 
are accounted for the major environmental problems in developing countries. Consequently, threats 
posed to social-ecological systems at all levels, such as to water bodies, soils, food chain, energy 
availability and people's and livestock’s health should be taken into account for a more integrated 
management approach.  

Therefore, the importance and necessity of managing natural resources is evident and has 
encouraged the development of a range of approaches and methodologies. Conventional thinking on 
natural resource management often encourages a technical approach to problem solving (Groot and 
Maarleveld, 2000; Ramirez, 1999; Uphoff, 1992). The process is usually linear with clearly defined 
steps: (1) creating a goal statement, (2) assessing constraints or problems and opportunities for 
achieving the goal, (3) identifying ways to solve problems, (4) selecting the “best” way and (5) 
finally implementing the solution. However, practitioners who approach resource management in 
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this top-down manner often exclude the interconnection and interdependence of the three sectors: 
water, energy and food security.  

This can be achieved through a “NEXUS” approach. The term “NEXUS” in Latin describes the 
act of tying together or something which binds. In connection with environmental resource 
management, the term "NEXUS" was introduced for the first time during the 1980's, notably in a 
project by the UN University (Food-Energy Nexus programme; Sachs and Silk, 1990) and was 
established in the Bonn in 2011 Conference (https://www.water-energy-food.org/about/bonn2011-
conference). This concept is gaining interest since it is closely related to the Sustainable 
Development Goals (SDGs) that were developed in Rio in 2012 (Ringler et al., 2013). Assets of a 
more integrated approach, combining these three sectors would likely be: economic efficiency, 
resource efficiency, improved livelihood options and public health. Yet it may have negative 
consequences on communities, to commodity prices, to sub-optimal infrastructure design and 
environmental degradation (Bazilian et al., 2011). Such an approach can result in improved water, 
energy, and food security by integrating “management and governance across sectors and scales”, 
reducing trade-offs, and building synergies, overall promoting sustainability and a transition to 
green economy (Hoff, 2011). The interdependencies of water, energy and food can be visualized as 
follows (Figure 1).  

 

Figure 1. The water, energy and food security nexus 

The "NEXUS" approach highlights the interdependence of water, energy and food security and 
the natural resources that underpin that security – water, soil and land. Based on a better 
understanding of the interdependence of water, energy and climate policy, this new approach 
identifies mutually beneficial responses and provides an informed and transparent framework for 
determining trade-offs and synergies that meet demand without compromising sustainability. In 
addition, a "NEXUS" approach means that when governments and industries determine policies in 
one sector—whether it is energy, agriculture or water—they take into account the implications in 
other sectors. Similarly, policy and planning processes within each sector would account for 
different scales, from local to transnational (Bird et al., 2014).  

The potential of Earth Observation techniques in the management of land and water resources 
has been widely acknowledged (Bastiaanssen et al., 2005). The implementation of new technologies 
can provide constant data, such as crop evapotranspiration (ETc), suitable for mapping crops and 
irrigated areas and monitoring changes with satisfactory accuracy and in a cost-effective way 
(D’Urso et al., 2010). 

The "NEXUS" approach and its challenges have not been consistently and comprehensively 
addressed before. The case study described below provides a first overview of that managerial 
approach in Greece, in a river basin scale through spaceborne and in situ measurements. However, 
it should be recognized that further work will be needed so as to develop a solid data and 
knowledge base upon which a more efficient resources management approach is going to be built. 
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2. CASE STUDY 

This survey was a first attempt to combine some major factors that influence the Water - Energy 
- Food Security "NEXUS" in a river basin level in Greece. The experiments were conducted, in the 
framework of the cross-border European Territorial Cooperation Project - AGROLESS, at the 
Strymon and Nestos watersheds, Northern Greece, which aimed to establish common reference 
strategies for the implementation of reduced input agricultural practices in the cross-border area of 
Greece – Bulgaria with the use of the concept of site-specific crop management, optimum 
profitability, sustainability and protection of land resources. The pilot applications that were 
undertaken were the following: 

Pilot application 1: The application concerns the development of a fully controlled system of 
hydrofertilization with the ability to control both water quantity and fertilizer applied in the field via 
a digital decision support system. The pilot area faces serious environmental water deficit problems 
and precise irrigation will be a crucial factor for the sustainability of the local water bodies and 
ecosystems. 

Pilot application 2: Pilot fields have been selected to cover a wide range of crops and include 
asparagus, pomegranate, kiwi, vine and corn. The pilot fields have been selected at various 
locations with the criterion of representing the major crops in the targeted area in terms of crop 
variety, management practices, climatic and soil conditions. Furthermore, the cooperation, 
willingness and open-minded approach of the farmers that cultivate the pilot crops have also been 
taken into account while selecting the pilot crops (Figure 2). 

 

Figure 2. Study area of Strymon and Nestos watersheds, Northern Greece 

A series of steps were taken into account in order to apply agriculture of less inputs, regarding 
the main axes of "income" or the "input energy" inside an agricultural field which are Fertilization, 
Irrigation and Plant protection. 

Firstly, soil mapping used to identify zones of variability regarding the different needs on 
managerial practices. Soil mapping was held by detailed soil sampling, 0-30 cm and by the use of 
more time-effective and innovative technology that involved methods, such is scanning of soils 
with the use a Veris MSP3 system. The samples were measured in i-BEC's certified chemical 
laboratory, which assessed the physical (concentrations of Sand, Silt and Clay) and chemical 
parameters (nitrates, pH, organic matter, electrical conductivity, potassium and calcium carbonate) 
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of the samples. Then, a robust protocol (Ben Dor et al., 2015) was used to measure the reflectance 
of each soil sample in the vis-NIR (350-2500 nm) region in a laboratory. Statistical models were 
developed which correlated the input spectra with the soil's properties. The best results (i.e. 
correlation coefficient greater than 0.6) were achieved for the physical parameters, for the Soil 
Organic Matter and for the calcium carbonates. Secondly, the Nitrogen content of corn leaves was 
estimated using vis-NIR spectroscopy. Approximately 60 corn leaves were sampled from two 
different fields. The Nitrogen content was measured using the Kjeldahl method in i-BEC's chemical 
laboratory. The SPECIM v10-e hyperspectral push broom camera was used, capturing the 
400-1000 nm range to capture a hyper- spectral image of the corn plantations. The statistical models 
generated achieved a correlation coefficient of 0.72 in an independent testing set. The Veris MSP3 
Soil EC, Organic Matter, and pH Mapping System collected geo-referenced soil electrical 
conductivity (EC), soil reflectance, and soil pH measurements as it was pulled across the field by a 
tractor.  

Remote sensing provided valuable information on various parameters that were acquired by air-
photographs or satellite images, without field visits or with minimum sampling locations. It was 
used for mapping crop yield and soil fertility parameters, monitoring soil moisture content, 
determining fertilization applications in the spatial domain, monitoring crop growth, monitoring 
water use and irrigation requirements, detecting crop diseases, mapping weed and insect 
infestations. 

The ultimate goal of the soil sampling and analysis was the creation of a continuous surface 
model (raster surface) for each fraction of soil (sand, silt and clay) using spatial interpolation, and 
subsequent classification by USDA. Based on the results of this classification in three soil horizons, 
the field was divided into two distinct zones and along with other factors it was decided to 
implement differentiated fertilization inputs in each zone with autonomous hydrofertilizing 
networks, so that each zone is completely and independent in the inflow of irrigation water and 
nitrogen fertilizer. 

Reduced-input agriculture was based on the application of farming practices in accordance with 
the soil variations of the field plot. The application of agrochemicals (such as fertilizers) and other 
inputs (such as irrigation water) was based on the actual needs of the field, in an economically and 
environmentally friendly way. Unlike traditional agricultural practices, precision farming, manages 
field plot variability. Zoning the field was accomplished in accordance with the properties of the 
soil and was a prerequisite for the accurate application of spatially differentiated practices. 

In the experimental corn crop field plot, zoning configuration of the hydrofertilizing system took 
place. The goal of the configuration was to apply hydrofertilization to the crop at the right time, the 
right place and in adequate quantity in accordance with the needs of the crop. 

Fertilization practice (in terms of quantity, space and time of application) was defined by an 
algorithm that was developed after a series of experiments of nitrogen fertilization in corn and also 
by using the N-sensor of YARA which measured and recorded the corn condition in “real time”. 
The customization of fertilization will apply for the nitrogen needs, since nitrogen is the main 
limiting factor in the development of the crop.Precision irrigation was based in identifying and 
quantifying the variability i.e. spatial and temporal variability that was existed in soil and crop 
conditions within a field and between fields. Various components of the soil-crop-atmosphere 
continuum were measured in real-time conditions so as to provide precise and/or real- time control 
of irrigation applications and consequently minimum energy consumption. 

A telemetric meteorological station was installed at the experimental field plot with a real-time 
data collection centre for all meteorological data. Based on the data, the crop evapotranspiration 
(ETc) and effective rainfall, the crop irrigation needs were accurately calculated. For an exact 
determination of the ability of soil to retain and provide water, soil moisture sensors were installed, 
one for each plot. The soil moisture sensors were installed at a depth to meet the profile of the root 
system.  

Moreover, energy indicators (eg energy to produce, to supply water, to transport, green house 
gases, etc.) were measured and ffinally a relational database was developed as an organized 
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collection of geographic data designed to incorporate, store, update, manage, analyze and properly 
allocate information. All the spatial data both in vector and raster format which are included in the 
database will be presented through a WebIMS application. 

3. DISCUSION 

Until now, only isolated case studies were conducted. In order to approach NEXUS managerial 
strategy, the evaluation of the above findings will be done in future in conjunction with energy 
indicators and food security indicators (eg availability, productivity, health care, nutrition etc). 
Since water, energy and food sectors are interlinked in numerous ways, their interaction is 
considered complex and an integrated approach to assess the synergies among the three above 
sectors is of high difficulty. Thus, to move from a sectoral approach to a holistic approach, an 
efficient scientific framework is needed. The comprehension of the interconnection and 
interdependencies that link the three sectors will lead to an effective and sustainable managing 
system of the above watershed area. 

The use of new technologies such as Earth observation systems which include satellite and in 
situ data, can provide geospatially consistent data and information for monitoring the progress of 
W–E–F issues at basin and national scales. Through them an up-to-date database will be created 
that should include various parameters such as physical and socio-economic data.  

The impacts to water, energy, and food security that arise from climate change and regional 
political and economic factors need to be studied towards an establishment of effective practices 
and guidelines within the framework of sustainable development goals. 

Apart from scientists, environmental managers and stakeholders it is also important for 
policymakers’ to understand the role of the water, energy and food nexus in order to design 
sustainable policies and strategies. NEXUS approach not only emphasizes the interrelation of 
resources but considers also the cycle from research to implementation. Including "NEXUS" 
approach in integrated management strategies for a river basin, in Greece for the first time, could 
evaluate the condition of the water resource while also will provide an integrated resources 
management and future decision making at national level. Compared to an Integrated Water 
Resource Management approach, the water energy food ecosystems nexus approach concurrently 
considers multiple sectors and their evolution. This offers the opportunity to better involve key 
economic sectors – energy and agriculture in particular – in the dialogue over transboundary water 
resource uses, protection and management. 
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