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Public website traff ic report - WP7 

In this report we present data from the traffic received on the MEMOLA project public 
website. This platform has been launched on June 2014 so it has been publicly available for 
almost four years. 

In general, the website has received a significant amount of visits: 146,068 page views 
occurred during 39,313 sessions by 23,909 users very well spread across the globe, with 
visits from 139 different countries and an average session duration of 3:51 minutes. 

Considering that the website is very specialised in its content, these numbers are quite good 
and in line with expectations. After the first six months, where the average number of visits 
of 115/week, the website popularity increase and kept steady around 215 visits per week in 
the last 3 years. 

In the last three years we recorded four peaks of website traffic: 489 visits in the week 
from 17th to 23rd of January 2016, around 800 each for the first three weeks of May 2016, 
978 the first week of May 2017 and 743 on the last week of January 2018. The first peak 
coincide with the publication of the EU Humanities Scientific Committee report where 
MEMOLA project was selected as one of the top five innovative research projects in the 
humanities, while the second larger peak coincide with three different activities: the 
publication on media (newspaper and radio) of the rehabilitation of high mountains irrigations 
channels in Lanteira (Sierra Nevada), carried out at the end of April, the annual cleanliness of 
the high mountain channels in Lugros (Sierra Nevada) that received a wide coverage in radio 
regional broadcasters and the publication, on the 9th of May of the education e-book “La 
Alpujarra, Paisaje Cultural”. The third peak as well coincides with the open call for volunteers 
for the archaeological campaigns, while the last one is related to the publication of the 
infographic and the Hispania Nostra award delivered by Spanish Queen Sofia for cultural 
heritage best practices in MEMOLA project. 

In the following pages we present these data structured according to different metrics and 
grouped graphically on a weekly basis: 

1. Acquisition; 
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2. Most visited pages; 

3. Users location. 
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Acquisition 
Acquisition shows the total sessions according to the source that brought the user to the 
website. Possible sources are direct, referral, social and organic. Direct are visitors who 
visited the site by typing the URL directly into their browser or clicked on the links from their 
bookmarks/favourites, links within emails or from documents such as PDFs or Word; Referral 
are visitors referred by links on other websites; Social are basically referral links from identified 
social networks platforms (Facebook, Twitter, LinkedIn, etc.); Organic are visitors referred by 
an unpaid search engine listing, e.g. a Google.com or Bing.com search. 

The Sessions chart shows that almost half of the traffic come from search engine queries, 
where the project come up frequently and well positioned. Direct traffic count for 24% of total 
visits, especially from returning visitors, and 28% remaining sessions come from referral links, 
75% of which proceed from social networks.  
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The table below further explore referral traffic that in most part come from Facebook (68% of 
total sessions), followed at distance from links from the EU commission website and major 
project partners like the Universities of Granada and Padova. The situation is upside down if 
we take in consideration pages per session and average session duration, both measure of 
engagement, as traffic from Facebook fell short (3 pages/session), especially on mobile (1.5), 
in comparison with that coming from the EU portal (8 pages/session) and the university of 
Padova (6). 
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Most visited sections and pages 
This chart shows the ranking of most visited pages on the website, across the four available 
languages. As expected, the most visited single pages are home pages in English and 
Spanish. They account for about 16% of the total 146,068 page views.  

Other very popular sections are Activities, Blog and the Outreach activities calendar. As for 
single pages, the most visited posts have been the archaeological campaign of Lanteira - 
Sierra Nevada (Spain), the educative resource Alpujarra, paisaje cultural and the cultural 
routes: Pórtugos – Busquistar (Spain), C.da Calemici - Terme Gorga (Sicily) and Calatafimi 
train station - Mulino Marcione (Sicily). 
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Users location

This map and the relative table below shows the provenance of the project website 
visitors. Impressively, http://memolaproject.eu received visits from 139 countries 
across the five continents. Do not surprise instead that Spain (55%), Italy (18%) and 
Albania (3%), being study areas of the project, are among the countries with more 
visitors, along with the main English speaking countries, USA (3.4%) and UK (3.1%), 
and Belgium (1%), home of the EU Commission. Other countries are around or below 
1% of the total visits, but still represent the wide popularity of the project topics across 
very different places.
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MEMOLA SOCIAL MEDIA

Prepared for: MEMOLA FP7 Project, Final periodic report

Prepared by: Lara Delgado Anés, Outreach coordiantor of MEMOLA project,University of 
Granada

          Facebook

https://www.facebook.com/MEMOLA.PROJECT

MEMOLA facebook page provides unique possibilities for project activities diffusion. A multilin-
gual communication platform with 2130 total Page Likes and 6.848 total reach in the past 28 
days. Out of the number of people who like MEMOLA facebook page, 51% are women and 48% 
men located in the following countries: Spain, Italy, Albania, United Kingdom, Unites States of 
America, México and Brazil, among others.
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 Twitter

https://twitter.com/MEMOLAproject

MEMOLA project Twitter outlet counts with 746 followers. During January 2017 we had 739 
total visits and 9659 impressions, thanks to the participation of conferences, fieldwork and 
educative activities, among others. Out of the number of people who follow MEMOLA Twitter 
account located in the following countries: Spain, United Kingdom, Italy, United States, France, 
Belgium, among others.
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Our Followers
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Our organic audience
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 Google plus

https://www.plus.google.com/MEMOLAproject

MEMOLA Google+ page is a multilingual communication platform with 35 total followers and 
97.166 total views. 

Youtube

https://www.youtube.com/user/MEMOLAFP7PROJECT

MEMOLA YouTube channel contains a total of 67 MEMOLA videos, including documentaries, 
video conferences and interviews. There are 109 subscribers; 25,993 views; 74,343 estimated 
minutes watched and 2:51 average view duration. Out of the number of people who subscribed 
and visited the MEMOLA channel, 68% are male and 33% female located in the following coun-
tries: Spain, Italy, United States, United Kingdom, Mexico, among others.
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 Sketchfab

https://sketchfab.com/memolaproject

MEMOLA sketchfab profile, is a social network tool that provides the opportunity to share pro-
ject archaeological 3D work. In this platform we have 178 followers, 18 models and 191 Likes.  
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 Instagram

https://www.instagram.com/memolaproject

MEMOLA instagram profile, is a social network tool that provides the opportunity to share pho-
tos. In this platform we have 282 followers, 118 posts.  
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1. Introduction 
 

Ecosystems services are the benefits provided to people by ecosystems defined in terms of their 
support to sustainable human well-being(Millennium Ecosystem Assessment, 2005). Thus, the 
presence of people and the communities they create and develop is necessary in the framework of 
assessing ecosystem services in their so-built environment (Constanza et al., 2014).Rural societies 
are especially prone to both benefit from and build for the sustainability of ecosystem services; 
current work aims at quantifying these services and valuing them to highlight the impact they have 
on such and similar economies (Zhang et al., 2014; Constanza et al., 2014). 

In The Alpujarras (Sierra Nevada mountains in southern Spain) the traditional irrigation systems 
associated to agriculture during centuries have provided support for maintaining rural societies in 
marginal areas in mid and high mountain areas. There, the mountainous ecosystems are 
associated to the gradient exhibited by the snow occurrence regime, and the persistence of the 
snowpack determines the spatiotemporal distribution of water and energy fluxes, and vegetation 
patterns, which generates singular and highly-valued services like other mountain systems around 
the world (Zhao et al., 2017); the context of the Alpine eco-climate within a semiarid 
Mediterranean climate context makes of this site a singular and rich environment from different 
perspectives: hydrology, biodiversity, society, cultural heritage, and also, ecosystem services. 
Valuing these services is especially relevant since the driving snow presence is highly vulnerable to 
the expected changes in the hydrological regime associated to global warming. 

Ecosystem services can be partitioned into provisioning (material or energy resources), regulating 
(modifying some relevant conditions), supporting (habitat creation or maintaining) or cultural 
(recreational and social values) services. The traditional irrigation systems found in The 
Alpujarras, the so-called “acequias”, are a singular example of historical interaction between 
man and nature that has resulted in a current agroecosystem that mainly provides mainly 
provisioning and regulating services (since snowmelt and runoff water is both diverted to 
recharge some areas in the region, and circulated to productive areas to water crops), but also 
contributes to the regulating, supporting and cultural services in this region. 

One of the general objectives in MEMOLA is to draw contex-tailored strategies of preservation, 
diffusion and valorisation of the cultural heritage and of the environment in historical landscapes, 
and to stimulate a sustainable development in rural areas, under the light of their current 
problems within the context of climate change (MOBJ2). To achieve this, one of the specific 
objectives (SPOBJ5) addresses the analysis of ecosystem services in these areas. The analysis of 
these major ecosystem services in the traditional irrigation systems found in mountain 
agroecosystems requires the quantification of the water amounts involved along the system and 
their role in the partitioning of water into recharge and provision downstream the snowmelt 
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sources. Following this, a pilot case study consisting of a recently restored “acequia” (Barjas 
acequia) was reproduced by developing a 1-dimensional model of surface water flow coupled to 
an infiltration function for the simulation of water flows partitioning in the acequia. Field 
campaigns were performed for monitoring and calibrating the model, and water fractions were 
estimated for illustrating the ecosystem services provided by this traditional system (Activity 6, 
WP6). The model itself provides the acequia’s users with a simple, easy-to handle tool for both 
assessing the system functioning and its sustainability for future horizons. 

This work was performed by members of the Research Group on Fluvial Dynamics and Hydrology, 
belonging to the UCO team in MEMOLA; this Report has been written by M.J Polo, R. Pimentel, 
M.J. Pérez-Palazón, and M. Sáenz de Rodrigáñez, as part of WP6 coordinated by Prof. E. Fereres. 

 

 

1.1. Content of this report 
 

This report describes the work done in the framework of WP6 to assess the ecosystem services 
provided by the irrigation traditional systems in The Alpujarras, Granada (Spain), “acequias”, and 
provide tools to simulate their performance. This document is divided as follows: Chapter 2 
presents an overview of the case study, together with the field work carried out to feed the model 
pursued; Chapter 3 describes the model developed and the conditions for its application; Chapter 
4 shows selected results to quantify water partitioning along the case study-acequia, and finally 
Chapter 5 concludes some highlighted remarks from the work done and future applications. 

 

In summary, the major objective of this deliverableis to assess theecosystem services of 
traditional irrigation systems and provide an efficient model as a tool to quantify water 
distribution by these systemsin the study area of The Alpujarras, one of the case studies in 
MEMOLA. The model will be applied in future steps to assess the sustainability of these systems 
and their major sources of vulnerability in a global warming framework (Task 7-WP6). 
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Figure 1.Historical irrigation network in the study area of Sierra Nevada. Source: Luciano Mateos 
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2. Case study selected to develop the “acequia” model 
 

2.1. Overview 
 

The traditional irrigation system in The Alpujarras takes advantage of the storage service that the 
snow pack provides for ecosystems and people in the area, and deviates the natural pathways of 
water flow for both recharging the subsurface soil horizons and diverting the surface flow towards 
the crop areas throughout the mountains by means of small porous/rocky bed channels. The so-
called “acequias” circulate the snowmelt and make it possible the usage of water during the 
summer warm season. This traditional irrigation system has been playing a relevant role in the 
socio-economical development of this mountain region since the Islamic period in Spain (Civantos, 
2011). Despite earlier vestiges in this southern face of the Sierra Nevada Mountains (Delaigue, 
1995), the acequias network reached its most important expansion and exploitation during the 
Muslim period, and its use led to the flourishment of small agricultural communities in this area. 

The acequias constitute a large water network (more than 550 km of total length of channels) 
which highly impacts on the regulation of water resources in Sierra Nevada; it is also one of the 
longest and best conserved traditional system for irrigation in Spain (Cano-Manuel and Ortiz, 
2010). Two main types can be found: irrigation acequias and careo-acequias; the first system 
diverts water directly to the crop areas, whereas the second system firstly recharge deep zones 
through the soil from which water can stem towards downstream areas through springs, 
channeling water resources to crops well below the snowmelt areas. 

Any water channel system locally alters the natural hydrological regime for providing resources to 
other areas within a watershed, even to different watersheds. Thus, the original spatial 
distribution of water, and its timing, is greatly modified by anthropic intervention. In The 
Alpujarras, the joint evolution of climate and society has led to an integrated scenery of both 
mountains and acequias, interacting during centuries and supporting agricultural activities, that 
just recently became marginal in some parts of this area. Moreover, the diversion of water by the 
acequias has been providing services of storage and regulation to other layers in the mountain 
ecosystems by maintaining soil moisture during longer periods for vegetation, and enhancing the 
natural recharge of subsurface water, available later in the year when the atmospheric demand is 
more stressing. 

Within the project MEMOLA, different actions to promote the abandoned acequias’ restoration 
have been done. The Barjas acequia, in Cáñar, southern face of Sierra Nevada, is one of these 
examples and it was selected to perform the field work required to develop the water circulation 
model described in this report. 
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2.2. Case study description: the Barjas acequia 
 

The Barjas acequia had been out of use for more than 20 years when in 2014 winter it was 
restored following the traditional techniques in the area under the scope of MEMOLA and the 
assistance of the local irrigation community. More than 180 volunteers from different points in 
Spain and other countries participated. 

Located in the southern face of the Sierra Nevada mountains (Fig. 2), the Barjas acequia belongs to 
the Chico River sub-basin (31km2), in the Guadalfeo River Basin with mouth to the Mediterranean 
Sea. Its 3.5-km length mainly discurres along the municipality of Cáñar, in Granada, and it crosses 
an oak not-dense forest (Querqus Pyrenaica); it is mainly an irrigation acequia, with some careo 
reach, and the Chico River is its most relevant water source at 1573 m a.s.l. The acequia gets 
additional water inputs from three main ephemeral mountain creeks (“barrancos”) downstream: 
Barranco de la Era Alta, Barranco del Nevazo, and Barranco del Pasillo.  

 

 

Figure 2.Location of the Barjas acequia in the Chico River sub-basin (right; the blue line is the acequia longitudinal axis), 
in the Guadalfeo River basin mountain area, southern Granada, Spain (left; colours stand for different elevation areas in 

the region). 
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Water is diverted from the Chico River to the acequia through a small raft built in the main course 
of the river, so that a quasi-permanent water flow is supplied to the acequia provided the Chico 
River flows above a given threshold. Figure 3 provides a schematic representation of the Barjas 
acequia system. The seasonal and daily water regime in the acequia is mostly determined by the 
main river supply plus the water flows provided by the creeks downstream, which are directly 
related to the precipitation and temperatura regimes in this area. However, the porous bed the 
acequia is made from involves infiltration rates and subsurface connectivity that needs to be taken 
into account when analysing the water circulation and distribution along the acequia. 

 

Figure 3.Schematic representation of the Barjas acequia starting in the Chico River (top), with three additional water 
tributaries downstream (B, on the left side of the acequia); the arrows and ks stand for infiltration lengths along the 

acequia and their saturated hydraulic conductivity, respectively. 

Intensive field work was performed during the late spring of 2015 to i) characterize the bed 
material of the acequia, ii) quantify water flow along the acequia, iii) measure the topography and 
geometry of the acequia and obtain a good volumetric representation. For this, the acequia was 
firstly divided into different reaches regarding uniformity criteria for both apparent bed material 
and slope. The water flow measurements were then performed in the cross sections between two 
neighbour reaches, besides those where the creeks intercepted the acequia’s longitudinal axis. At 
each cross section, width and depth were measured for both the soil and wet sections, together 
with the water velocity at three points across the section (a number of points considered 
representative given the dimensions of the cross sections in these traditional channels). From 
these values, the water flow was calculated at each cross section and the average infiltration rate 
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was estimated from the difference of flow between two consecutive sections. Each section was 
georreferenced during the field campaign, too (Figure 4). 

 

 
Figure 4.Cross sections monitored during the field campaign (left; numbered from 1 to 41), and their location 
along the longitudinal profile of the Barjas acequia (right; from left side in the graph above to the right side of 

the graph below). 

During the field campaign, different observations were also made regarding the position of the 
wet front (543 m downstream the last monitored section), the position of the section with too low 
water flow to capture the water depth and velocity values (section 40 in Figure 4), intermediate 
points from which older diversions seem to have detrieved water from the acequia, etcetera. 
Moreover, the water supply from the Chico River was also analysed to estimate the upstream 
conditions in the model of the acequia. Permanent conditions were validated during the 
monitoring time interval. 

The topographic data were validated from the available Digital Elevation Model in the area, and 
some external sources. For each reach between two consecutive cross sections, length and slope 
were calculated, and an average value assigned to each section. Water flow was calculated at each 
section from the velocity and cross area local measurements, and the global 
infiltration/subsurface supply was estimated from the flow difference between two consecutive 
sections. 

From the field inspection, it could be observed that the pipeline from the Chico River that supplies 
water to the acequia is likely to be very seldom found below its maximum capacity, given the 
relative value of both water flows. This results in an estimated constant water supply of0.02 m3/s, 
from the pipeline characteristics, which is its maximum capacity water flow.  
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Figure 6.Some examples of monitored reaches of the Barjas acequia during the field campaigns. 

 
 
 
 
  



D6.2. Report on the ecosystem services existing in the study case 
 

10 
MEMOLA Project (Grant agreement no: 613265)FP7- SSH.2013.5.2-2  

3. Water flow modeling along the Barjas acequia 
 

3.1. Water flow modelling 
The Muskingum-Cunge method to route water along a channel (Chow et al., 1988) was applied to 
the Barjas acequia with the inclusion of an infiltration term (Cheng et al., 2015). This method is a 
one-dimensional approximation to the routing problem described by a dynamic wave, that 
performs a hydrological routing for each reach in the channel, and connects the reach 
downstream through the input of the water flow output hydrograph obtained in the reach 
upstream. 

For a given reach within a channel, defined by two consecutive cross sections whose geometry and 
bed material is known, given an inflow hydrograph at the section upstream, the method calculates 
the resulting outflow hydrograph downstream. The routing process of the inflow hydrograph can 
be explained as a two-phase process: firstly, as the wave progresses in the input section, the 
inflow (I) exceeds the outflow downstream (Q), which originates an increasing storage volume in 
the reach; as the wave recesses, the outflow exceeds the inflow upstream, resulting in a 
decreasing storage volume in the reach (Chow et al., 1988). The Muskingum-Cunge method 
assumes a flat sloped free water surface and describes the storage volume at any time t during the 
routing process as the sum of two volumes: a prism volume (expressed as a function of Q) and a 
wedge volume (expressed as a function of I-Q); Figure 6 describes this representation. 

 
 

Figure 6.The representation by the Muskingum-Cunge method of the water storage in a channel reach during 
a wave traveling through two consecutive sections in the channel, being I and Q, the inflow and outflow 
values, respectively: prism storage volume (kQ), and wedge storage volume (kx(I-Q)); infiltration rate (q), 

expressed as a function of the bed hydraulic conductivity (ks) . 

Being Sj the total storage volume in the reach j with length x at a given time t, the method 
describes the prism volume at time t as Spj = k.Qj, and the wedge volume at time t as Swj = 
x.k.(Ij.Qj); the infiltration flow can be expressed in terms of the unit infiltration rate (q), Qinf =q.x. 
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From the discretized continuity equation for non-compressible flows (Eq. 1), and the storage 
expressions for two consecutive reaches j, and j+1 (Eqs. 2 and 3), the routing equation given by Eq. 
4 is derived, 

 

 

 
 

 
 
where1ܥ, C2,3ܥand4ܥare dimensionless coefficients dependent on the time interval in the 
discretization process, and the Muskingum coefficients k and x, and they are given by the following 
expresions, 

 

 
 
Cunge (1969) showed that, for constant values of the parameters k and x, Eq. 4 is an approximate 
solution to the kinematic wave equations; furthermore, he later obtained that this equation can 
also provide an approximate solution to a difussive wave equation when these parameters are 
estimated as, 
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whereܳݎis a reference value for the flow in the reach, calculated as the mean inflow value during 
the inflow hydrograph upstream, and ݎܤandܿݎare the wet width and the wave celerity associated 
to the reference flow, respectively. This is the approach implemented in the acequia model; once 
the reference flow is obtained for a given reach, the associated water depth, ݕ, is calculated from 
the Manning equation (Eq. 11), 

 

 
where n is the Manning coefficient, and S0 is the bed slope;  the flow velocity, v,  is given by 
 

 
and the wave celerity, c, is obtained from the Law of Seddon assuming m=53, 
 

 
 

Some restrictions must be imposed to the values of k and x (Eqs. 14 and 15), so that their 
estimation from the field measurements and the set of equations above is performed in an 
iterative routine, until stability criteria area are achieved, 

 
 

To estimate c, permanent conditions must be achieved, which can be applicable to the prevailing 
regime in the acequias on a sub-daily basis during the snowmelt season, initializing water inflow 
from the river source. 
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3.2. Calculations from the field data at the Barjas acequia 
To perform the calculations, the values of n for each reach are needed, which are estimated form 
the bed material size from field samples, and the field measurements of velocity and cross section 
geometry, averaging the different resulting values for each cross section.The representative values 
obtained for the case study in this work were 0.01 (fine sized materials), 0.015 (concrete bed), 
0.04 (compact rock), 0.06 (gravels), 0.075 (fractured rock). 

Finally, the infiltration term is calculated by assuming saturated conditions, from Eq. 16, where ks 
is the saturated hydraulic conductivity of the bed material, and Lc is the length of the reach, 

 
Table 1 shows the different characteristics obtained for each reach in the representation of the 
Barjas acequia given by Figure 4. 

Table 1.Selected characteristics of the 41 reachs identified in the Barjas acequia: width (B), length (Lc), slope 
(S0), Manning coefficient (n), and saturated hydraulic conductivity (ks). 
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The model developed allows the estimation of surface water flow distribution along the acequia 
for given inflows from the Chico River and the side creeks, together with their associated 
infiltration volumes. This tool has been used to simulate different scenarios to quantify the 
partitioning of water inflow into infiltration and surface flow, and to validate its applicability to 
assess the ecosystem services provided by these traditional irrigation systems in the Sierra Nevada 
mountain area. 
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4. Water flow and water partitioning at the Barjas acequia 
 

This chapter illustrates the water distribution performed by the case study acequia by means of 
simulating its hydrological regime during the study period of 1960-2015. For this, the water inflow 
to the Barjas acequia from the Chico River and the main ephemeral creeks feeding the system is 
firstly included, followed by the resulting surface water flows along the acequia and the associated 
infiltration volumes. Some assessment of the implications for ecosystem services is finally 
included. 

 

4.1. Annual water inflows to the Barjas acequia during the period 1960-2015 
 

The water inflows to the acequia were calculated following the system performance described in 
the previous chapter and by modeling the contribution of the ephemeral creeks from the validated 
version at this area of the hydrological model WiMMed. WiMMed is a distributed physically-based 
hydrological model that includes a snow module specifically designed to reproduce the 
accumulation/ablation processes in Mediterranean mountain regions (Herrero et al., 2009; 
Millares et al., 2009; Egüen et al., 2009; Aguilar and Polo, 2010; Aguilar et al., 2011; Herrero et al., 
2011; Herrero and Polo, 2012; Herrero and Polo, 2016; Pimentel et al., 2017). The daily water flow 
in the four rivers control points in Figure 3 was estimated from WiMMed simulations and 
aggregated to an annual basis, from data sets consisting of meteorological variables in the 
influence region, soil characteristics, topography and vegetation types distribution. 

Figures 7 and 8 show the annual evolution of both the annual precipitation and the mean daily 
temperature variables, together with the decadal associated values, for the study period. 
Regarding the temperature regime, increase trends of 0.050 and 0.024 C yr-1 are found for the 
maximum and mean daily values, respectively. The minimum daily temperature, however, results 
in a decrease trend of -0.056 C yr-1 . The decadal assessment cannot be analyzed in terms of 
trends due to the short duration of the series, although the results clearly show the high variability 
found in these regions. 

From Figure 8, the variability of the annual regime of the annual precipitation in the area can be 
observed, with extremely variable periods such us the 1994-1997, and mean decrease trend 
values of -2.31 (mm.yr-1).yr-1and -0.75 (mm.yr-1).yr-1for precipitation and snowfall, respectively. 
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Figure 7.Annual (first graph above) and decadal (three graphs below; D=decade) evolution of the temperature 
regime (maximum, mean and minimum daily temperature) averaged over the contributing area to the Barjas 

acequia, in the Chico River Basin in Granada (Spain), during the study period 1960-2015; D6 runs for 2010-
2015. 

 
 

Figure 8.Annual (first graph above) and decadal (two graphs below; D=decade) evolution of the precipitaton 
regime (total precipitation, P; snowfall, Pn) averaged over the contributing area to the Barjas acequia, in the 

Chico River Basin in Granada (Spain), during the study period 1960-2015; D6 runs for 2010-2015. 
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Figure 9 shows the annual and decadal water flow in the four input points to the Barjas acequia 
(Fig. 3). 
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Figure 9.Annual (first graph above) and decadal (graph below; D=decade) evolution of the annual mean flow in 
the Chico River, and the three creeks control points in the Barjas acequia during the study period 1960-2015; 

D6 runs for 2010-2015. 



D6.2. Report on the ecosystem services existing in the study case 
 

18 
MEMOLA Project (Grant agreement no: 613265)FP7- SSH.2013.5.2-2  

The precipitation regime is the main driver of the mean flow regime in the four river systems, 
which exhibits the same variability pattern with wet and dry years in both variables at each 
system. Globally, the four control points show decrease trend values of -0.00191, -0.00013, -
0.00021, -0.00013 (m3s-1)yr-1, for the Chico River point and Eras Altas, Nevazo and Pasillo 
Creeks,respectively. The three contributing creeks provide similar annual volumes of water inflow 
to the acequia. The decadal analysis also shows this decrease trend, more slightly, though, with 
alternating extreme character. This has been also observed in this region for the snow regime on 
different time scales (Pérez-Palazón et al., 2015). 

 

4.2. Annual water flow along the Barjas acequia during the period 1960-2015 
 

The acequia model developed in this work and described in Chapter 3 was implemented at the 
Barjas acequia for the study period from the results of the field campaigns and the hydrological 
modeling of the contributing areas. The results consisted of data series of water flow at each reach 
along the acequia, from which different variables were derived.  

Figure 10 shows selected statistic descriptors of the distribution function of the annual water 
volume flowing at each reach along the acequia; this function was obtained from the empirical 
analysis of the 55 years simulated by the model. Infiltration decreases the surface water flow, and 
the inflows from the creeks can be clearly observed from the results. It must be noted that this is 
the natural regime of the system, that is, no extraction of water from the users in the area has 
been included, since the potential regime is the target of this study. 

 

 

Figure 10.Distribution function of the annual volume of water flow at each reach along the Barjas acequia 
during the study period 1960-2015; the mean, maximum and minimum values of the 55 years are represented, 

together with the 25, 50 and 75 percentiles of the distribution function found from the simulated results. 
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Additionally, three service indicators were derived from the results: 

 Npartially dry : Number of days per year in which the acequia is not fully wet, that is, the water 
flow does not reach the farthest section downstream. 

 Date of beginning and end of the operational periodo of the acequia within a year, that is, 
dates when the acequia starts routing water and starts drying, respectively (day 1 
corresponds to September, 1, every hydrological year). 

 

Figure 11 shows a decrease trend of (2.32days.yr-1)yr-1for Npartially dry. This implies an increase of the 
average dry proportion of the acequia during a given year. This result does not correlate well with 
the mean annual water flow in the acequia; nonlinear effects associated to the local regime of 
snowmelt a given year, or the antecedent soil moisture condition, are responsible of this. The 
decrease trend can be also observed on a decadal basis. 

 

Figure 11.Annual (graph above) and decadal (graph below) evolution of the number of days per year for which 
the Barjas acequia is not fully wet during the study period 1960-2015; D6 runs for 2010-2015. 

 

Finally, Figure 12 shows the evolution of the beginning and ending dates of the filling of the Barjas 
acequia by water flow during the study period. The beginning date is comprised between early 
October and late March, depending on the wet/dry character of the hydrological year including 
the snow regime; it can be observed how a delaying trend appears of 0.59 days.yr-1 for the whole 
study period. The drying starting date is anticipated on an annual basis, with a resulting mean 
trend of  -1.30 days.yr-1 for the whole period. The combination of both effects results in a 
shortening of the operational period of the acequia during the last 55 years. On a decadal basis, 
similar results can be observed. 

However, when individual years or decades are studied, it should be noted that no parallel 
behaviour can be concluded. As expected, wet years can be found with both early and late rainfall 
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and snowfall seasons, and the recession of water in the acequia is found to be delayed or 
anticipated regardless of this; the antecedent conditions and the sub-seasonal regime of both 
precipitation and snowmelt are the reasons behind this non-linear behaviour. Extreme years can 
be also found with very short operational periods, that move from winter, to early or late spring, 
and can be found during the whole study period. 

 

 

Figure 12.Annual (graph above) and decadal (graph below) evolution of the beginning of water routing (blue) 
and drying start (orange) in the Barjas acequia during the study period 1960-2015; D6 runs for 2010-2015. 

 

 

4.3. Infiltration volumes along the Barjas acequia during the period 1960-2015 
 

The calculations performed resulted in an estimation of the mean infiltration in the reachs along 
the Barjas acequia during the study period given by Figure 13. This infiltration volumes are the net 
result of the infiltration flow from the surface flow and the subsurface supply from contributing 
sources; in many reaches this net volumen is close to zero or very low, which highlights the 
significance of the redistribution of water carried out by the acequia. The mean net recharge 
aggregated along the acequia is equivalent to 1 hm3 yr-1, distributed along a 2.5 km distance. 

This amount of water can strongly vary from one acequia to another, and thus these calculations 
are only representative of the representative scales of the role of these traditional systems in this 
mountain region. But the values clearly illustrate how this redistribution of water provides an 
extra recession time for soil moisture and springs downstream in the summer season, and 
contributes to maintain the antecedent storage level for baseflow at the beginning of the next 
hydrological year.  
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Figure 13.Annual mean volumes of net flowing (blue) and infiltrating (green) water along the Barjas acequia 
during the study period 1960-2015. 

 

The individual annual results are highly variable both in time and space, due to the enhanced non-
linearity of the multiple processes involved. 
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5. Final remarks and applicability 
 

The report comprises the effort to understand and quantify the water redistribution of water by 
the traditional irrigation systems at The Alpujarras, in Sierra Nevada (Spain), to assess the 
ecosystem services provided for these agro-ecosystems developed during centuries. For this, the 
acequia modelling approach has resulted an useful tool to simulate the water circulation 
downstream and estimate the net infiltration volumes along the case study, the Barjas acequia. 

These results highlight the significant redistribution of water along the acequia length, but also the 
non-linear behaviour of the recharge-routing role that the system plays donwhills, with some 
reaches exhibiting a net zero infiltration behaviour whereas others constitute net recharge point 
to the subsurface transient reservoir. 

Both effects constitute direct provisioning and regulating services from the agro-ecosystem in The 
Alpujarras, as some previous works by the research team have indirectly proven (Gómez-Giráldez 
et al., 2014). But they also result in indirect cultural services, since the acequias have become part 
of the scenery of this region, and the features associated to their operation are part of the shared 
history and legacy for the future. 

The model performance requires detailed information of the hydrological inputs to the acequia 
system, and the system’s characteristics themselves. The performance of field work together with 
the availability of a high performance hydrological model were crucial for these results. 

Further exploitation of the model includes the simulation of different scenarios of water 
management along the acequia by the authorized users. This may lead to the optimization of the 
system’s efficiency in terms of crop yield, users’ net benefit, but also efficient ecosystem services 
on different time scales. Moreover, the projections of future climate scenarios can be used as 
limits of domain conditions to feed the model and assess the sustainability of these traditional 
irrigation systems in a global warming context, to which mountain agro-ecosystems are likely to 
particularly vulnerable. 
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