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1 	 Introduction

The non-point source pollution is closely related to the 
hydrologic behaviour of basins and has grown into a global 
environmental issue and a first cause of soil and water deg-
radation in many parts of the world. In this context hydro-
logic basins are, at present, the basic units of research, de-
velopment and policy-making activities related to water. 
However, being hydrologic basins, their behaviour varies 
strongly both in space and time. This approach provides a 
framework to explore the coupled relationships between 
land use, sediment, and aquatic ecosystems within a certain 
basin (Grant, 1998). Land use activities change the natural 

functions of a basin, impacting the flow of water and water 
quality, and impair aquatic ecosystems (Randhir and 
Hawes, 2009).

Erosion of soil by water is caused by the simultaneous 
effect of the processes of disaggregating soil aggregates by 
the impact of rain drops and runoff, and then the transport 
of these aggregates by runoff, and has long been studied at 
different scales (e.g. Römkens et al., 1997; de Lima et al., 
2003, 2008; Ferreira et al., 2011; Montenegro et al., 
2013).

The main purpose of this study was the analysis of the 
hydrologic behaviour of a small agro-forested experimental 
basin, located in Idanha-a-Nova, Portugal during rainy 
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Zusammenfassung

Ziel dieser Untersuchungen war die Erforschung der hydrologische Eigenschaften und Sedimentdynamik in einem 
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Summary
The objective of this research was to study the hydrologic behaviour and dynamics of sediments of a small agro-fores-
ted experimental basin both in the rainy and irrigation seasons (dry period with mainly centre-pivot irrigation). The 
basin is located within the Idanha Irrigation Scheme, Idanha-a-Nova (Portugal). The hydrological behaviour of the 
basin was analysed and the differences between the rainy and irrigation seasons were highlighted. The amount of  
sediment load along the rainy season is mainly associated with extreme rainfall-runoff events, especially in dry years 
where rainfall is concentrated in a few events with high capacity to generate runoff. Runoff coefficients were much 
lower in the irrigation season.
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(wet) and irrigation (dry) seasons. Special attention was 
given to the dynamic of sediments. It is a follow up of the 
work done by Duarte (2006).

2 	 The small experimental basin

The studied basin is located within the Idanha Irrigation 
Scheme, Idanha-a-Nova, mainland Portugal, near the bor-
der with Spain and just north of the river Tagus (Figure 1).

The basin covers an area of 189 ha, has a perimeter of 
6510 meters and presents a 3rd order hierarchy stream. The 
climate is typically Mediterranean with usually rainless 
summers and an average annual rainfall of 638 mm (Du-
arte, 2006). The main natural stream is 2300 m long and 
runs north-southwest. The drainage density of the peren-
nial streams is 12.2 m ha-1. Altitude varies from 212 m at 
the outlet of the basin to 248 m, and the slopes range from 
0 to 4 %; thus, the topography is flat to gently undulating. 
The predominant soil classes are Cambisols and Luvisols, 
originated from deposits of the tributaries of the river Tagus. 
A hydrometric station was constructed and installed at the 
outlet of the basin (39º50’48’’ N, 7º10’00’’ W).

Figure 1: 	 Shape and perennial streams of the small experimental 
basin located in Portugal

Abbildung 1:	 Netz der ganzjährigen Gewässer des experimentellen Ein-
zugsgebiets in Portugal

Of the total area of the catchment, 130.4 ha are under 
irrigation and the remaining (58.6 ha) are used for cork and 
oak trees plantation. The centre-pivot irrigation system is 
the main water supply method employed in the agricultural 
scheme (90 %); the rest is irrigated with stationary sprin-
klers. During the last decades, the cropping intensity has 
been decreasing, both in the rainfed and irrigated areas.

3 	 Applied observation techniques

A hydrometric station was constructed and installed at the 
outlet of the basin (39º50’48’’ N, 7º10’00’’ W). The station 
consisted of i) a long-throated flume, with a triangular con-
trol section for small water depths and a triangular/trapezoi-
dal section for larger discharges, and ii) an ultrasonic sensor 
connected to a datalogger continuously measured and re-
corded the water level at the flume every 15 minutes. The 
concentration of the pollutants and sediments in the water 
was evaluated with a multiparameter probe for monitoring 
water quality and recorded at the same time intervals. In 
fact, the sediments concentration was evaluated with an 
optical sensor (turbidity), and applied a specific formula 
evaluated in laboratory tests.

Agricultural practices were recorded by farmers and veri-
fied by direct observations during visits to the basin.

4 	 Results and discussion

4.1	Hydrologic behaviour and dynamics of sediments 
in the irrigation season

Figure 2 shows the evolution of accumulated water irriga-
tion and runoff in the study basin, throughout the 2004 and 
2005 irrigation seasons. They reflect the agricultural prac-
tices namely the behaviour of farmers regarding to the water 
application schedules. Even in efficient systems drainage 
losses are inevitable (lower lines in Figure 2).

In 2004, the total water consumption in irrigation was 
651539 m3, with a volume of runoff of 68008 m3. This 
corresponds to a runoff coefficient of 10.4 %, and a global 
irrigation efficiency of 89.6 % (which can be considered a 
good value; Mateos et al., 1996). In 2005, the irrigated area 
was reduced significantly (51.9 %) with clear impact on 
runoff (drainage from the area). The total water consump-
tion in this irrigation season was 237997 m3, and the vol-
ume of runoff was 10420 m3. The correspondent runoff 
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coefficient is 4.4 %, and the global irrigation efficiency is 
95.6 %.

With respect to the sediment transport from the irrigated 
agricultural areas, Figure 3 clearly shows the dynamic be-
haviour (as an example the year of 2008 was chosen), result-
ing of farmers irrigation activities. In the year of 2008 the 
irrigation efficiency was moderate (64.0 %) mainly because 
all the existing pivots were used and runoff was generated 
mainly in areas near the natural drainage network. Higher 
sediment concentrations could be observed for higher dis-
charges, despite the discharges are lower than in the rainfall 

season. This is due mainly because of unprotected sloping 
soil surfaces and the relatively high flow rate at the end of 
the pivots machines.

4.2 Hydrologic behaviour and dynamics of sediments 
in the rainfall season

Figure 4 presents the evolution of accumulated rainfall and 
runoff in the study basin, throughout two rainfall seasons. 
A delay between the rainfall cumulative curve and the run-

Figure 2: 	 Evolution of accumulated irrigation water and runoff in the basin, throughout the irrigation seasons of 2004 (left) and 2005 (right)
Abbildung 2:	 Akkumuliertes Beregnungswasser und Abflussentwicklung im Einzugsgebiet während der Beregnungsperiode 2004 (links) und 2005 

(rechts)

 

Figure 2: Evolution of accumulated irrigation water and runoff in the basin, throughout the 
irrigation seasons of 2004 (left) and 2005 (right). 
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Figure 3: 	 Discharge and suspended sediment concentration observed between 31/07/2008 and 07/08/2008 at the outlet of the basin
Abbildung 3:	 Beobachteter Abfluss und Schwebstoffkonzentration am Gebietsauslass zwischen 31/07/2008 und 07/08/2008
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off cumulative curve is due to losses in the process of trans-
formation of rainfall into runoff caused by vegetation (e.g. 
crops) and soil.

The hydrologic year of 2004/2005 (starting in the 1st Oc
tober) was one of the driest years of the last decades, with 
only 287 mm (Inag, 2006) when the average is around 
640 mm (Figure 4 – left). Being a small basin, not so perme-
able, isolated intense storms produce runoff hydrographs 
with high peaks not far away from the centre of gravity of 
the corresponding precipitation event (Ward, 1995). The 
runoff coefficient of 2004/2005 was therefore very high 
(36.5 %) with 542430 m3 of rainfall (287 mm) and 
198132 m3 of runoff. Despite de fact that this year was 
relatively dry there was a high runoff coefficient, because 
there were six extreme events, with a favorable antecedent 
soil moisture conditions, which generated large volumes of 
runoff. Available soil moisture also plays an important role 
and, in an average year, runoff coefficient would be cer-
tainly lower, as been observed by other authors in similar 
small basins (Ceballos and Schnabel, 1998). This is what 
happened with the hydrologic year of 2005/2006 where the 
runoff coefficient dropped to 20.9 %. Also, the year 
2005/2006 (Figure 4 – right) had twice the number of rain-
fall events than 2004/2005 and approximately twice the 
volume of rainfall (2005/2006: 1002571 m3), although the 
runoff volume was similar: 197771 m3 in 2004/2005 and 
209815 m3 in 2005/2006.

Figure 5 shows the close relation between the hydrograph 
peaks and the sediment concentration observed in the out-

let of the small basin (4–12 December, 2010), specially in 
the rising limb. In the descending limb the observed devia-
tions have also been appointed by other authors (Williams, 
1989).

It is interesting to further study the sediment dynamics 
which can be done plotting of the sediment concentration 
against runoff (Figure 6). Most runoff events (events 1 and 
5) showed clearly a clockwise sediment graphs (positive hys-
teresis), indicating that the sediments arrive fast to the hy-
drometric station and are originated mainly from the nearby 
sites (e.g. Soler et al., 2008). A negative hysteresis would 
be indicative that the sediments have originated in more 
remote locations in the basin (e.g. García-Ruiz et al., 
2000). On the other hand, the pollution load of sediments 
does not seem dependent on the total runoff volume of a 
certain event, except when flow has enough power to detach 
and transport the particles outside of the drainage network 
(e.g. transport resulting from sheet and rill erosion on the 
slopes); therefore, the amount of sediment load along the 
rainy season was mainly associated with extremes rainfall-
runoff events (e.g. Figure 6–1).

5 	 Conclusions 

The hydrological behaviour of the catchment was quite dif-
ferent in the rainy and dry (irrigation) seasons. The runoff 
coefficient was much greater in the rainy season where the 
dependence of this coefficient on the antecedent soil mois-

Figure 4: 	 Evolution of accumulated rainfall and runoff in the study basin, throughout the 2004/2005 and 2005/2006 rainfall seasons
Abbildung 4:	 Akkumulierter Niederschlag und Abflussentwicklung im Einzugsgebiet während der Niederschlagsperiode 2004/2005 und 2005/2006

 

Figure 4 - Evolution of accumulated rainfall and runoff in the study basin, throughout the 
2004/2005 and 2005/2006 rainfall seasons. 
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ture content was evident. However, such dependence was 
masked during the irrigation seasons by the regular applica-
tion of water with a constant intensity mainly from the 
centre-pivot irrigation system. The pollution load of sedi-
ments does not seem dependent on the total runoff volume 
of a certain event, except when flow has enough power to 
detach and load the particles outside of the basin (e.g. sheet 

and rill erosion on the slopes); therefore, the amount of 
sediment load along the rainy season is mainly associated 
with extremes rainfall-runoff events. As was possible to ob-
serve in the study catchment, the sediments concentration 
during the irrigation season is sometimes higher than the 
rainy season. But, the total sediments load is greater in the 
rainy season because the volume of runoff.

Figure 5: 	 Discharge and suspended sediment concentration verified between 04/12/2010 and 12/12/2010 at the outlet of the study basin
Abbildung 5:	 Beobachteter Abfluss und Schwebstoffkonzentration am Gebietsauslass zwischen 04/12/2010 und 12/12/2010

 

Figure 5: Discharge and suspended sediment concentration verified between 04/12/2010 and 
12/12/2010 at the outlet of the study basin. 
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Figure 6: 	 Discharge against suspended sediment concentration during five single hydrologic events, between 04/12/2010 and 12/12/2010, at 
the outlet of the basin (dashed line- increasing limb of sedigram; solid line- decreasing limb of sedigram). Notice that the vertical and 
horizontal axes are not the same

Abbildung 6:	 Abfluss und Schwebstoffkonzentration während fünf Einzelereignisse zwischen 04/12/2010 und 12/12/2010. Strichlierte Linien zeigen 
den ansteigenden Ast des Sedigramms, durchgezogene Linien den abfallenden Ast. Die Achsenskalierung der Bilder ist unterschiedlich

 

Figure 6: Discharge against suspended sediment concentration during five single hydrologic 
events, between 04/12/2010 and 12/12/2010, at the outlet of the basin (dashed line- increasing 
limb of sedigram; solid line- decreasing limb of sedigram). Notice that the vertical and 
horizontal axes are not the same. 
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