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1. What are the consequences of afforestation from a hydrological perspective?

2. How does connectivity work in a terraced afforestation area?

3. What are the differences between afforestation and natural forests related to hydrological dynamics and hydrological connectivity?

The two studied catchments are located in the Central Spanish Pyrenees (Fig. 1).

(i) Araguás Afforestation (12.4 ha) represents a very degraded environment, intensely cultivated until 1950’s,
that was afforested with coniferous during the 60’s and 70’s (Pinus sylvestris and Pinus nigra). Modified
soils show truncation signs in the surface horizons, low organic matter content and poor structure.

(ii) San Salvador (92 ha), represents a natural environment with a dense natural mixed forest (Pinus sylvestris,
Fagus sylvatica and Quercus faginea). Soils in the natural forest of San Salvador are deep, with very high
organic matter content and high water infiltration capacity.

RESULTS from 2007 to 2010

The catchments are monitored with a gauging station , automatic pluviometers and piezometers (Figure 1).

1. An hydrological study at event scale has been carried out in both catchments. Data collection correspond to
three hydrological years (October 2007 to September 2010).

2. New hydrological information recorded in the Afforestation catchment (July 2013 to June 2014) has been
preliminary analyzed.

MATERIALS AND METHODS

INTRODUCTION

• The concept of hydrological connectivity is increasingly being applied.

• Human activity has modified hydrological connectivity. Afforestation reduces connectivity between hillslopes and channels (i.e. Bracken and Croke, 2007; Sanjuán et al., 2014).

• Terraces (aggressive man-made technique in afforestation practices) form an important feature in the Mediterranean countries and have an important effect on soils, hydrological
processes and connectivity (i) modify the hillslope profile (significant topographic changes) and, (ii) disturb and mix the natural soil horizons.

• The aim of this study is to investigate the hydrological response in two forested environments with different cover characteristics: a natural forest and an afforested area.

 The forested catchment is characterized by a dual behavior controlled by soil moisture conditions, which regulates the hydrological connectivity, favoring subsurface flows (Lana-Renault et al., 2011).

 The hydrological response in the afforestation area is variable and complex because discharge is generated by a combination of different runoff generation processes: infiltration excess runoff
(Hortonian flow), saturated excess runoff and subsurface flow.

 Afforestation does not significantly alter the hydrological effects and connectivity during high intensity summer rainstorms.

 Further process-orientated research is needed, also combined with complementary pedological and hydrological information.
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• Different frequency in the number of events: higher in the afforestation
area than in the natural forest.

• Two seasonal patterns are observed: (i) the afforestation catchment is able
to generate events over the year, whereas (ii) the natural forest generates
events only in a limit short period, normally in spring, showing decreased
connectivity.

• Afforested catchment:

 the maximum runoff coefficients are recorded in winter and spring,
although in this catchment occasionally it is possible to find high
coefficients even in summer, which are related to high rainfall
intensity.

 Wet period: between February and April (coef > 0.05)

 Dry period: summer (coef < 0.03)

 Transition periods, (i) from autumn to early winter, and
(ii) late May and June (coef < 0.10)

Fig. 2. Seasonal evolution of the storm flow coefficient in both catchments (showing rainfall events of different magnitude)

Fig. 1. Study area and the instruments deployed in both catchments 

 Low runoff values from Sep to Dec (wetting up period)

 A major increase in discharge in winter (Feb-April) (wet period)

 Low runoff values in May-June (drying up period)

 Possibility high values in summer months (convective storms)

NEW DATA

 In April a rapid hydrological response was observed (contributing areas well
connected: surface overland flow)

 At the beginning of the event the water table was dry. A rapid reaction was
observed with water level reaching the soil surface (saturated overland flow)

 Long recession limbs were observed

Fig. 3. Monthly runoff and rainfall in the Afforestation area

Fig. 4. 5-min discharge and rainfall in the Afforestation area

Fig. 5. Hyetographs, hydrographs and evolution of water table in wet and dry conditions

 Discharge showed a more
flashy response: in the
summer events were steeper,
suggesting the occurrence of
infiltration excess overland
flow (Hortonian flow)
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