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1. Introduction 
 
 
While central and eastern Spain are traditionally known for their dry summers and generally 

low rainfall, these regions are increasingly experiencing more extreme rainfall events. In 

particular, slow-moving DANA storm systems τ officially referred to as upper-level isolated 

depressions τ are characterized by intense rainfall and high total precipitation, often 

resulting in widespread flooding. During the most recent DANA event on October 30th, 2024, 

the regions of Valencia, Castilla-La Mancha, and Andalusia experienced significant damage, 

with many lives lost. 

 
On September 3rd, 2023, the Toledo region, among others, was struck by a DANA storm that 

brought more than 100 mm of rainfall in less than 8 hours. One of the areas most severely 

impacted by this extreme flooding was the Arroyo de Ramabujas catchment (Figure 1). 

Widespread flooding occurred in the centrally located town of Nambroca and the 

downstream industrial district of Santa María de Benquerencia. Agricultural fields were 

heavily damaged by erosion, resulting in large amounts of sediments that were carried 

downstream, damaging buildings and streets. This storm demonstrated that both the 

Ramabujas landscape and the integrated drainage system τ comprising both natural 

streams and artificial canals τ were inadequate for providing flood protection during such 

extreme events. 

 

As climate change intensifies, not only heavy rainfall but also droughts are expected to 

become more frequent and severe. Industries in water-intensive sectors, such as the Suntory 

fabric located at the downstream end of the Ramabujas catchment, are particularly 

vulnerable to water shortages. By investing in Nature-based Solutions (NbS) to enhance 

water retention in the catchment, Suntory contributes to ensure a more reliable and stable 

water supply. To reduce the exposure of the Ramabujas catchment to both flooding and 

water scarcity, this report seeks to address two critical questions: 

 
1) How can flood protection be improved in the Ramabujas catchment during DANA-type 

events? 

2) How can the water footprint of the Suntory fabric be minimized to reduce pressure on local 

water resources (800.000 m³ per year)? 

 

This report provides an integral water system analysis of the Ramabujas catchment and 

examines the potential for implementing Nature-based Solutions to enhance flood resilience 

and water retention.  

 

The water system analysis comprises a combination of GIS analysis, satellite image analysis 

and their integration with field observations and meteorological data. Ultimately, the 

findings contribute to define the most effective measures to mitigate flood and drought risks 

while ensuring sustainable land and water management for both the local population, the 

farmers and industrial activities in the region. 
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This study focusses on Nature-based Solutions without losing sight of obvious technical 

measures. Nature-based Solutions address societal challenges through actions to protect, 

sustainably manage, and restore natural and modified ecosystems, benefiting people and 

nature at the same time (IUCN).   

 
The results of this study are presented on the interactive website: 

https://media.stroming.nl/ramabujas/# 

  

    
Figure 1: Topographical map of the Arroyo de Ramabujas catchment in the region Castilla ς La Mancha near 

Toledo (central Spain). Two small villages (Nambroca and Las Nieves) are located within the catchment. The 

Arroyo de 
Ramabujas 

Ramabujas 
catchment 

https://media.stroming.nl/ramabujas/
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industrial district Santa María de Benquerencia, home to the Suntory factory, is located in the most downstream 

area of the Ramabujas catchment, near its confluence with the stream Tagus. 
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2. The Ramabujas Stream catchment 
 

2.1 Topography, geology, slope and soil 
 
The Ramabujas catchment has an elongated shape, stretching approximately 16 km in length 

and 5 km in width, covering an area of about 67.6 km² (Figure 2). The southern (upstream) 

boundary is marked by the Sierra de Nambroca mountains, where peak elevations reach up 

to 944 meters above sea level. In the north (downstream), the confluence of the Ramabujas 

and Tagus streams occurs at an elevation of 454 meters, resulting in a total elevation 

difference of 490 meters. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Digital Elevation Map of the Ramabujas catchment (2 m resolution). 
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The southern (upstream) three-quarters of the watershed are dominated by exposed 

igneous and metamorphic rocks (of Pre-Hercynian age), which are found at or near the 

surface (Figure 3). Locally, these basement rocks are covered by hillslope deposits and 

alluvial fans, especially along the flanks of the Sierra de Nambroca, or by Miocene fluvial 

sands and conglomerates in parts of the eastern region. The northern (downstream) quarter 

of the catchment is characterized by Miocene sands and conglomerates, along with 

Pleistocene to Holocene hillslope, alluvial fan, and stream terrace deposits. 

 

 
Figure 3: Geological map of the Ramabujas catchment. 
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As shown in Figure 4, most of the catchment has moderate slopes, with gradients ranging 

from 5 to 15%. Upstream and downstream there are relatively flat areas, with slopes less 

than 5% steepness. Steeper areas are found along the flanks of the Nambroca Mountains 

and in the central part of the catchment, where topographic gradients range from 10 to 

30%, and can locally exceed 50%. In the central part, this pronounced relief is primarily the 

result of channel incision, although geological variations also influence the topography in 

some areas (Figure 5B). In the flatter upstream section, no distinct channel morphology is 

observed. In contrast, the downstream area features stream channels embedded within 

broad alluvial valleys (Figure 5A). 

 

 
Figure 4: Slope map (%) of the Ramabujas catchment (derived from the 2-m digital elevation model). 

Figure 5A 

Figure 5B 
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Figure 5: Characteristic valley morphology in the downstream (A) and central areas (B) of the Ramabujas 

catchment (see Figure 4 for localities). 

 

According to the soil map, the Ramabujas catchment is characterized by the presence of two 

main soil orders: Inceptisol and Entisol (Figure 6). These soils are characterized by weak (in 

case of Inceptisol) to minimal (Entisol) horizon development, reflecting the human-induced 

disturbance of the landscape. Deforestation and agricultural activities have strongly 

enhanced erosion across the watershed, leading to the loss of nutrient- and organic-rich 

horizons. Locally, sediment deposition from upstream further disrupts soil formation, 

preventing the development of more mature soil profiles. 

 

Among the Inceptisols there are two 

soil classes 

differentiated: Haploxerepts, 

especially observed in the central 

part of the catchment, have weakly 

developed profiles and no significant 

calcium carbonate accumulation 

(Figure 6). Calxerepts, dominating 

the upstream part of the 

catchment, have similar profiles but 

notable accumulation of calcium 

carbonate, making them more 

alkaline.  

 

 

 
 

 

 

 

 

 

Figure 6: Soil map of the Ramabujas 

catchment. 
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2.2 Water system 
 

The Ramabujas drainage network as shown in Figure 7 was calculated from 10-meter 

resolution digital elevation data. The drainage network consists of the main stream, Arroyo 

de Ramabujas, along with its primary tributaries: Arroyo de Villaescusa, Arroyo de Inesa and 

Arroyo del Quintillo de los Churros. This drainage system is characterized by ephemeral flow, 

with water typically present only after rainfall events. For most of the year, the streams are 

dry. Therefore, especially the headwaters of the drainage network shown in Figure 7, 

illustrate the direction of surface runoff more accurate in case of a rain event.  

 

 
Figure 7: Drainage network of the Ramabujas stream catchment derived from 10-m DEM. 

 

Figure 8 

Figure 8 
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A notable feature of the Ramabujas drainage system is its partial obstruction by east-west 

oriented highways and railroad (Figure 8). To facilitate the passage of water underneath 

these elevated structures, runoff is directed through culverts. At these localities, the 

calculated drainage network was adjusted manually to account for passage through these 

culverts. Manual adjustment was also needed for the two artificial canal structures, one 

around/through the village of Nambroca, and the other one crossing the industrial terrain of 

Santa María de Benquerencia (Figure 8). 

 

 

 
 

 
Figure 8: Culverts (where drainage lines cross the railroad and two highways) and artificial canals (red lines) in 

the industrial area of Santa María de Benquerencia (top), and around the village of Nambroca (bottom). 

 

Nambroca 

Suntory 
factory 
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2.3  Land use 
 

In the Ramabujas catchment, three types of agricultural land use dominate: olive groves, 

arable land, and fallow land (Figures 9 and 10). Various crops are grown in the fields, mainly 

winter wheat. After harvesting these crops in spring (~April), the fields typically remain 

fallow for the remainder of the year. In the olive fields, soils remain uncovered year-round, 

often lacking undergrowth such as grasses and herbaceous plants.  

 

 

 

 

 

 

 

 

 

 

 
Figure 9: Olive groves (left) and wheat plots (right) are the dominant agricultural land uses in the Ramabujas 
catchment. 
 

 
Figure 10: In the central part of the Ramabujas catchment natural areas are more common. 
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Figure 11: Land use map Ramabujas catchment according to SIOSE 2014.  
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Forest cover in the catchment is limited. Only in the central-western part of the catchment a 

significant area of deciduous or mixed forest is situated. This forest is relatively sparse, 

consisting mainly of low trees with a significant amount of shrubbery.  

 

Although the level of urbanization in the Ramabujas catchment is low, the built-up areas are 

still susceptible to flooding and contribute to it. The centrally located village of Nambroca 

lies at the confluence of several tributaries of the Ramabujas, and the development in this 

area has largely ignored the potential impacts of extreme rainfall. The village is located just 

downstream of the CM-42 highway. 

 

Downstream of the TO-23 highway, the area is dominated by the industrial site of Santa 

María de Benquerencia. The Suntory plant is located in the northwestern corner of the 

Ramabujas catchment. 

 

 
 
 

 
Figure 12: A significant percentage of the catchment remains fallow each year due to CAP conditions for soil 
recovery (top). Street in the village of Nambroca, north of the CM-42 highway (bottom left) and the Suntory 
factory in the industrial zone north of the TO-23 highway (bottom right). 
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2.4  Vegetation cover analysis based on satellite images 
 
Sentinel-2 satellite imagery from 2017-2024 was used to analyse land cover patterns and 
changes within the Ramabujas catchment (https://developers.google.com/earth-
engine/datasets/catalog/COPERNICUS_S2_SR_HARMONIZED). Since runoff generation and 
flow velocities in this area are largely influenced by vegetation cover, the Normalized 
Difference Vegetation Index (NDVI) was employed to differentiate between barren land and 
areas covered by various types of vegetation. The NDVI is a widely used remote sensing 
index that quantifies vegetation health and density, that varies between 0 and 1 and where 
higher values indicate denser or healthier vegetation.  
 
One of the sub-catchments in the central-eastern part of the Ramabujas catchment (see 
Figure 15 for location) was used as a test region to examine how the NDVI fluctuates 
seasonally and across different years, comparing highly degraded agricultural land (e.g. field 
#3 in Figure 13) with densely vegetated (semi-)natural land (e.g. field #5 in Figure 13).  
 
 

     

 
 
Figure 13: Test region in central-eastern Ramabujas that was used for exploring NDVI timeseries (see Figure 15 
for location of this area). For each of the five fields (see numbers 1-5) the mean NDVI was calculated for all 
available satellite images and this data was plotted against time. To demonstrate the differences between 
barren agricultural land and natural land, the timeseries of fields #3 and #5 are shown in the 2 graphs at the 
bottom (see text for explanation). The top left figure is a Google Satellite image for showing what the different 
fields look like. The top right figure shows the mean summer NDVI for the region based on all available images. 

 
 

Agricultural 
field (#3) 

(Semi-) natural 
field (#5) 

(erroneous data points) 

https://developers.google.com/earth-engine/datasets/catalog/COPERNICUS_S2_SR_HARMONIZED
https://developers.google.com/earth-engine/datasets/catalog/COPERNICUS_S2_SR_HARMONIZED
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As shown in Figure 13, the natural land (field #5) exhibits relatively high NDVI values (~0.4 to 
0.6) during winter and early spring (January-April), and lower NDVI values (~0.2 to 0.3) 
during the summer months of July and August. Year-to-year comparisons of the NDVI 
patterns reveal a consistent seasonal cycle, reflecting the summer-winter contrast in 
precipitation and potential evaporation, and so the availability of water (see section 3). The 
observed variability from year to year is primarily driven by differences in weather 
conditions.  
 
In contrast, the NDVI curves for the agricultural land (field #3) reflect land use practices 
rather than natural vegetation dynamics (Figure 13). Due to the highly degraded condition of 
this land, there were several years with no crop production, as indicated by consistently low 
NDVI values throughout both winter and summer (e.g., in 2017, 2019, and 2012). In other 
years (e.g., 2018, 2022, and 2024), the land was used to grow winter grains, resulting in a 
distinct NDVI pattern: high values (~0.5ς0.7) from February to April as the crops matured, 
followed by a sharp decline in NDVI to around ~0.1ς0.15 from July to October, reflecting the 
complete absence of vegetation cover post-harvest. The seasonal and annual NDVI 
fluctuations in the test region served as a reference for interpreting NDVI signals across the 
Ramabujas catchment.  
 
 

 
 
Figure 14: Examples of mean NDVI composite maps for the spring months (based on all available Sentinel-2 
images from March and April) and summer months (July and August images) for the years 2018 and 2021. 

 
Characteristic of the NDVI time series from fields with either natural vegetation or 
agricultural crops is the distinct NDVI contrast between spring (or pre-harvest) and summer 
(or post-harvest). In spring, fields with active vegetation (both natural and agricultural) 
typically show higher NDVI values, which are represented by yellowish or greenish colors in 
the mean spring NDVI maps (Figure 14, left). This contrasts with the summer NDVI maps 
(Figure 14, right), where these same fields often appear red, indicating a sharp decrease in 
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NDVI values as crops are harvested or vegetation becomes less vigorous during the hotter 
months. In contrast, fallow fields, which have little to no vegetation throughout the year, do 
not exhibit the same spring-to-summer NDVI contrast. These fields remain barren, showing 
low NDVI values (typically red) in both the spring and summer maps, as there is no 
significant vegetation growth in either season. 
 

  
Figure 15: Mean (2017-2024) NDVI summer composite image. The picture shows an irrigated modern olive 
grove, the only type of field turning green on the summer NDVI map, besides natural lands. 

 

Figure 13 

Irrigated modern olive grove 
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The mean NDVI maps in Figure 14 were created based on all Sentinel-2 images from spring 
months March and April, or by means of all images from summer months July and August. 
The maps in Figure 14 were produced for each year individually, while the map in Figure 15 
shows mean summer NDVI values based on all years together. This map nicely demonstrates 
that most of the catchment consists of bare agricultural land and paved surfaces (NDVI < 
0.20). Only natural areas and irrigated modern olive/almond groves with high tree density 
appear green in the summer NDVI map, indicating healthy vegetation under Mediterranean 
summer conditions (NDVI > 0.25). 
 
Based on the spring and summer NDVI analysis, an additional map (Figure 16) was derived to 
show the number of years (out of 8 years; 2017-2024) each field remained completely 
barren, without vegetation cover throughout the entire year. While most fields in this area 
are barren for part of the yearτespecially during the summerτthe fields highlighted in 
Figure 16 contribute more significantly to land degradation. This map first identifies fields 
that have been barren for (almost) all years (deep red color), which are primarily traditional 
olive/almond orchards with low tree density and a characteristic 'barren soil' NDVI signal. 
However, of particular concern are the many fields that are barren for 4-6 years (yellow-
orange colors). These fields are rarely used for crop production but are still plowed regularly, 
to meet EU Common Agricultural Policy (CAP) conditions, driving ongoing erosion with little 
economic value. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 16: Number of years without vegetation 
cover throughout the entire year. 
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3. Rainfall and flooding in the Ramabujas catchment 
 

3.1      Annual average rainfall and seasonal variability 
 

Precipitation data for the Ramabujas region over the past 10 years was sourced from the 
Copernicus Climate Data Store ('ERA5 hourly data on single levels from 1940 to 

present'; https://cds.climate.copernicus.eu/datasets). ERA5 combines model outputs and 
global weather observations to produce a consistent and accurate atmospheric record. Due 
to its relatively coarse spatial resolution (0.25° x 0.25°), extreme rainfall values are generally 
lower than those reported by local weather stations (for example, the relatively low daily 
total of 47 mm for the Dana event on September 3, 2023, as shown in Figure 17). However, 
because rainfall events are often spread over longer durations, total precipitation amounts 
still align closely with local records. As such, this dataset is well-suited for long-term 
precipitation analysis. Over the past 10 years, the average annual precipitation in the 
Ramabujas catchment was approximately 425 mm. 
 

 
Figure 17: Daily sums of hourly ERA5 total rainfall data 2014-2023. 
 

Rainfall is relatively consistent during the winter months, with two primary wet periods: 

(March-)April and October(-November). In contrast, during the summer months (especially 

June, July, and August) dry conditions prevail (Figure 18). 

 

 
 
Figure 18: Seasonality in precipitation (based on ERA5 dataset, 2014-2023). 

https://cds.climate.copernicus.eu/datasets
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3.2 Rainfall and flooding during DANA September 3rd, 2023 
 
Local weather stations report that the DANA event from September 3rd, 2023, brought close 

to 100 mm of rainfall to the Ramabujas catchment, with peak intensities exceeding 100 mm 

per hour. During this brief period of intense rainfall, surface runoff caused severe erosion 

and flooding in the villages and industrial areas. It is most likely that the zone with high 

precipitation moved from south to north over the Toledo region with local variation in 

intensity and duration. 

 

 
Figure 19: DANA seen from the Copernicus Satellite on the 4th of September 2023. 

 
The official weather data from the Toledo weather station (AEMET) mirrored the rainfall 

pattern observed by the private weather station network https://www.wunderground.com. 

The main difference is the timing of the rainfall. The peak of the DANA event in the AEMET 

data occurred around 6 PM, while the Wunderground network recorded the peak between 8 

and 9 PM (Figures 20 and 21).  

 

 
 
 
 
 
 
 
 
 
 
 
Figure 20: Precipitation (left) and precipitation intensity (right) in Toledo on September 3rd, 2023, based on 
AEMET 10 minutes observations. Two smaller peaks were followed by a large peak with high intensity rainfall. 
Total amount of precipitation was 90,2 mm with a peak intensity of 137 mm / hour. The peak of the event took 
place around 6pm. 

https://www.wunderground.com/
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Figure 21: Total precipitation (blue line) en precipitation intensity (green line) in Toledo on September 3rd, 2023, 
based on Wunderground observation. Total amount of precipitation recorded was 80 mm with a peak intensity 
of 134 mm / hour. The biggest difference is the time of the peak of the event recorded around 8pm, 2 hours 
later than the peak in the AEMET data. Other Wunderground stations in the area recorded the peak of the 
event also between 8 and 9 pm. Most likely the peak of the event was around 8pm.  

 
During the DANA 2023 event, the culvert under the TO-23 highway was unable to efficiently 
discharge the water from the Ramabujas catchment, leading to the formation of a lake (see 
Figure 22). As the water level in the lake reached the height of the highway (484.5 meters), 
flooding began on the highway and spread into the nearby industrial area. A reconstruction 
ƻŦ ǘƘŜ ƭŀƪŜΩǎ ǎƛȊŜ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ну ƘŜŎǘŀǊŜǎ ǿŜǊŜ ŦƭƻƻŘŜŘΣ ǿƛǘƘ ŀ ǘƻǘŀƭ ǾƻƭǳƳŜ 
exceeding 900,000 m³ of water (Figure 22). 
 
In terms of timing, flooding began around 9:15 pm in the village of Nambroca (Figure 23), 
and by 10 pm, the industrial zoneτincluding the Suntory factoryτwas heavily inundated as 
water levels surpassed the height of the TO-23 highway (Figure 23). Given the short time gap 
between the peak of the DANA event and the flooding in the industrial zone, it is likely that 
the downstream subcatchments contributed the majority of the floodwaters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22: Based on the DEM (Digital Elevation Model) a reconstruction could be made of the lake that emerged 
during DANA (lake is visible in the left drone image from the day after). More than 900.000 m3 of water was 
temporally stored on area of 28 ha (bottom).  
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Los autobuses de Toledo, colapsados por la DANA: "Ha sido una tragedia" - ENCLM 
 
άCƻǊǘǳƴŀǘŜƭȅΣ ƻƴƭȅ ƳŀǘŜǊƛŀƭ ŘŀƳŀƎŜ ǿŀǎ ŎŀǳǎŜŘΦ !ǘ ǘƘŜ ǿƻǊǎǘ ƳƻƳŜƴǘ ƻŦ ǘƘŜ ŦƭƻƻŘƛƴƎΣ ǘƘǊŜŜ 
people from the cleaning service were working at the headquarters of Unauto and had to 
climb to the first floor to literally save their lives. The fear was great on Sunday night, 
because the water flooded ǎƻ ƳǳŎƘ ǘƘŀǘ ŀǘ ннΥлл ƛǘ ΨŜȄŎŜŜŘŜŘ ǘƘŜ ƘŜƛƎƘǘ ƻŦ ǘƘŜ ōǳǎŜǎΣ ǿƘƛŎƘ 
ƛǎ ǘƘǊŜŜ ƳŜǘŜǊǎΩ ¢ƘŜ 5!b! ŘŜǎǘǊƻȅŜŘ ǘƘŜ ƘŜŀŘǉǳŀǊǘŜǊǎ ƻŦ ¦ƴŀǳǘƻΣ ǿƘƛŎƘ ƛǎ ƭƻŎŀǘŜŘ ŀ ŦŜǿ 
ƳŜǘŜǊǎ ŦǊƻƳ ǘƘŜ wŀƳŀōǳƧŀǎ ǎǘǊŜŀƳΦέ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: Flooding in the village of Nambroca on 3 September 2023 around 9:15 PM (Left). Flooding of Toledo 

bus terminal at the industrial site downstream of the Ramabujas stream on the same day at 10 PM (Right).    

https://www.encastillalamancha.es/castilla-la-mancha-cat/toledo/autobuses-toledo-danados-dana-lluvias-unauto-tragedia/
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4. Field observations and key story lines of the Ramabujas 
 
Based on the desk-top water system analysis presented in previous chapters, a field 

campaign was conducted from October 27th to 30th, 2024. The main aim was to observe 

some of the key hydrological and morphological processes in the Ramabujas catchment. 

Based on this data integration, we present here the story of the Ramabujas through seven 

story lines, covering the main sixteen field sites visited from upstream to downstream 

(Figure 24). 

 

 
Figure 24: Locations of the field sites in the Ramabujas catchment. Locations and pictures can be found on the 
website: https://media.stroming.nl/ramabujas/# 

 

  

https://media.stroming.nl/ramabujas/
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4.1  Land degradation in the upstream Ramabujas catchment (sites 1-6) 
 
The most upstream area of the Ramabujas is located between the Sierra de Nambroca 

mountains and highway CM-42 (field sites 1 and 2; 39°46'35.5"N 3°56'06.8"W). The soils are 

shallow, with stone and rock layers close to the surface. In this area, the continuous loss of 

sediments and organic matter from fallow land is a key concern. 

 

The height difference between the natural field and the arable land demonstrate how 

intense erosion is occurring (Figure 25 right picture).  

 

 

Site Geology Slope Land use Key observation 

1 & 2 Metamorphosed 
sandstones and 
granites, shallow 
layer of hillslope 
deposits 

Gentle slopes 
mostly between 0 ς 
5 % and 5 ς 10 % 
(Apart from the 
steeper mountain 
ridge) 

Arable land, olive 
fields, abandoned 
almond fields, 
sparce natural 
vegetation 

Continuous land 
degradation  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25: Continuous land degradation results in the loss of fine sediments (left) and organic material (right). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26: Abandoned almond fields (right) are more effective at preserving the soil through the protection of 
natural vegetation compared to the nearby olive groves (left). 
































































































