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Highlights 
• The Palm Grove of Elche and its irrigation systems are ten centuries old and is listed in 

UNESCO’s World Heritage lists. 
• Combined use for irrigation, hydropower mainly for watermills and water supply to the people. 
• Thermal regulation associated to urban agrosystem.  

 

Introduction 
The Palm Grove of Elche (Palmeral de Elche) is an ancient agrosystem of date palms combined with 
cultivations, as an oasis system, is ten centuries old. It was created at the beginning of muslin domination of 
Elche in the semiarid southeast of the Iberian Peninsula. The landscape of groves of date palms was possible 
by the construction of an elaborated irrigation system which still works. The ancient agrosystem of Elche 
along with the irrigation system, have deserved the recognition of being included in the List of World Heritage 
from the UNESCO (Ref: 930) since 2000. 
Water has been historically obtained from the Vinalopó River, characterized by a low and variable water flow 
(nowadays less than 0,5 m3/s), high salinity (usually more than 15 mS/cm) and flash floods after severe storm 
events (Navarro-Pedreño et al., 2020). These limitations imposed serious constraints to the founders of the 
muslin site of the city of Elche because they have to optimize water resources in order to ensure agricultural 
production through the year and allow water supply for human uses (excepting drinking water). They 
developed a system with a major north-to-south channel (called Acequia Mayor) parallel to the river, and a 
set of almost perpendicular secondary channels that spread thought the irrigated area. A system of splitters 
distribute the water thorough the irrigation network. Land was divided in groves where a double row of palm 
tree lines the irrigation water flow paths and in inside there was situated the cultivation area, where other 
crops were cultivated under the protection of palm trees.  This allow a microclimate that favour the yield. 
Additionally, the upper secondary channel was dedicated to domestic uses. 
The scarcity and low quality (high salinity by geological factors) of the water resources must have been a 
huge challenge for the construction of the system and its usefulness for agricultural purposes, an also for 
additional uses such as water supply and hydropower utilities (watermills). In this study, the ancient 
integrated urban water system and the role of the Palmeral de Elche as a multifunctional green infrastructure, 
giving ecosystem services, are analyzed due to the positive impact on water resources and climate regulation. 
 

Methodology 
This study presented our knowledge and understanding of the Palmeral de Elche and the ancient irrigation 
system based on the field work with the review of historical documents from the Municipal Historical Archive 
of Elche, interviewing local farmers and water managers, and developing topographic field campaigns for 
dimensioning the current state of the channels and mills. The state of the water resources (physical-chemical-
biological parameters), soils and vegetation has been obtained from several field surveys and laboratory-
based analysis along the past fifteen years. Additionally, Geographical Information Systems (GIS) and remote 
sensing analyses has been used to analyse the spatial structure of the groves and the irrigation system, and 
to compute satellite-derived land and vegetation variables. 
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Results and discussion 
The Palmeral de Elche is established in an area with a historically chronic water resources deficit. As an 
example, in the last twenty years (Figure 1) average temperature has been 17.8oC, and annual precipitation 
and evaporation were 261 mm and 1,173 mm respectively. This climate characteristics would be similar in 
the past and justified the necessity of developing an irrigation system to ensure the viability of crops, 
especially during summer season. But the Palmeral's water management system went beyond a simple 
irrigation system for agricultural production, giving additional services. 
The founders of the muslim city imported their knowledge to Europe, establishing a settlement with 
characteristics similar to a North-Africa oasis, where the groves of date palms surround the urban area, 
creating a productive agroecosystem due to the efficient management of the scarce water resources. It was 
possible by developing a comprehensive water management system. In this sense, population growth is at 
the expense of the palm grove's ability to provide food resources, and the palm grove's survival depends on 
the sustainable management of scarce water resources. In addition, the channel system allowed to supply 
water for domestic uses (not drinking use), allowing an integral development of the city in a river terrace a 
few meters from the river bed, but safe enough from its flash floods, typical of Mediterranean climates. In 
our opinion, this is a good example of integrated urban water management system that have survived for 
centuries. 

Figure 1. Climatic diagram of the city of Elche from 2000 to 2020. Data obtained from the Spanish Agroclimatic Information System 
for Irrigation (www.siar.es) 

But the utility of this systems goes far away. Since XIV century and after the reconquest by the christians, a 
set of hydropower watermills were constructed in order to process the cereal grains and produce olive oil 
cropped within the Palmeral and surroundings (olive trees). These watermills were established at different 
points of the Acequia Mayor and other secondary channels. In adaptation to the topography, the Acequia 
Mayor is composed of nine sections in form of a cascade, and at each cascade step, the surplus fall energy 
was used for driving the watermills (Melendez-Pastor et al., 2015). This technological addition to the 
original irrigation systems was done preserving the original structure and utility of the Acequia Mayor.  
The city of Elche did not experience a massive population growth until mid XX century, when the 
development of a powerful shoe industry attracted a large number of national immigrants, mainly from 
inland regions. As a consequence, the population of the city of Elche changed from about 27,000 inhabitants 
in 1900 to 234,765 inhabitants in 2020 (INE, 2021). With the expansion of the city, and the change of 
predominant productive sectors (from agriculture to industry), the agronomic utility of the Palmeral was 
notably diminished. Nowadays there are three major uses of the palm crop in Elche:, white palm (very 
important for Easter celebrations) and ornamental use for gardening (Hernández et al., 2014) mainly, and to 
obtain fruits (dates). 

http://www.siar.es/
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Despite the loss of functionality of the palm groves as an agroecosystem, which is undoubtedly important to 
try to recover, the Palmeral de Elche could be considered as a multifunctional green infrastructure, with 
notable implication for water management and climate regulation. The poor water quality of the Vinalopó 
river, with high salinity but also excess of nutrients, impose severe restrictions of its use for agricultural 
purposes. Fortunately, date palm trees are outstanding resistant and can take advantage of these low-quality 
water resources. In this sense, local water resources guarantee the survival of the Palmeral and in this way it 
can develop diverse ecosystem functions. 
As can be seen in Figure 2 (left image), the historical Palmeral surround the area occupied by the old city. 
The growth of the city has phagocyted the ancient Palm Grove, including it inside the urban plot. The left, 
North-to-South border correspond with course of the Vinalopó River. Western part of the city was mainly 
developed to accommodate the massive immigration and industrial expansion previously mentioned, 
developing soil sealed surfaces (prone to instantaneous stormwater runoff). In the east, the Palmeral 
maintains a higher permeability, promoting stormwater infiltration, that positively impact urban water cycle. 

Figure 2. Location of the historic Palmeral of Elche (left) and land surface brightness temperature for 2020-08-07 retrieved with 
Landsat 8-OLI sensor (right). Yellow polygon is the perimeter of the historical Palmeral. 

Additionally, our early research suggest a positive impact on climate regulation. In Figure 2 (right), land 
surface brightness temperature retrieved from a Landsat 8-OLI sensor image (August 2020), indicate a cooling 
effect of the historical Palmeral. This results is promising, although further research is required to gain more 
knowledge about this hypothesis. In any case, the Palmeral de Elche, agglutinates a rich cultural heritage and 
very ancient integrated water management system that should promote its landscape preservation and its 
research as a green infrastructure.  

Conclusions and future work
This work has pointed the important changes that have occurred in an old agricultural system and its 
irrigation network. Socioeconomic changes have resulted in a lesser functionality of the agrosystem, 
especially in the urban nucleus that has engulfed the old palm grove. However, its permanence offers 
ecosystem services associated with water and thermal regulation, which must be studied in greater detail. 
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