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Hydrological connectivity (HC) depends on the spatio‐temporal interactions of hydrological and geomorphic processes 
as well as on the human footprint on the landscape. This study deals with the modelling of hydrological connectivity in 
a burned area with different levels of fire severity. Namely, the objectives are to: i) characterize and ii) modelling the 
pre‐ (PreF) and post‐fire (PostF) scenarios, as well as iii) evaluate the effect of the vegetation changes due to the fire and 
the initial post‐fire management practices (construction of new skid trails and check‐dams) on the magnitude and spatial 
pattern of connectivity. Four post‐fire scenarios are simulated: immediately after the fire (PostF1), with new skids and 
without check‐dams (PostF2), with new skids and check‐dams and without vegetation recovery (PostF3), and with new 
skids and check‐dams and incipient vegetation cover (PostF4). The study area corresponds to eleven headwater sub‐
catchments (total area of 330 ha) that cover the entire burned area of the mountain in the West and Southwest facing 
hillslopes. This site is located in the province of Malaga, South of Spain, and all sub‐catchments are disconnected 
between them. The fire started in 2014, 27 June and lasted two days affecting 222.9 ha. The landscape is mainly 
mountainous, with very steep slopes and marble rocks, Mediterranean climate, and land use of shrubs and pine forests 
(pre‐fire scenario). Settlements, olive and fruit groves appear at the bottom of the slopes. After the wildfire, land 
management were carried out in order to remove completely the burned trees and thus new skid trails were built. Then, 
eleven concrete check‐dams and twelve wooded check‐dams were built in the main gullies. The different scenarios of 
linear landscape elements, vegetation cover and modifications on the topography related to the construction of new 
trails and check‐dams were included in the simulations. The IC index of hydrological connectivity was chosen to perform 
this metric at a spatial resolution of 2.5 x 2.5 meters. The C‐RUSLE factor and the D‐Infinity algorithm were chosen to 
assess the downslope and upslope components of the simulation. The analysis of the different spatial patterns and 
temporal changes was done considering the different levels of fire severity and changes on hydrological connectivity 
were analysed at each sub‐catchment. Most of the burned area was affected by very low and low burned severity with 
32.8 and 41.0% of the total area, respectively. The tracks and the different gully networks defined the main overland 
flow pathways. Values of HC changed in accordance with the changes in the vegetation cover, whereas the spatial 
patterns of HC changed following the different post‐fire management practices. The overall value of HC in the eleven 
sub‐catchments increased 31.4% after the forest fire, and slight increments of connectivity were simulated during the 
second (1.8%) and third (6.5%) post‐fire scenarios. However, the incipient recovery of the vegetation explained the small 
decrease of HC in the fourth post‐fire scenario (‐3.3%). We can conclude that the forest fire and the subsequent 
management practices triggered a clear increment of the HC in the study area. Further research should be focussed on 
the effect of silted check‐dams, the progressive vegetation recovery and other support practices that can help to reduce 
the observed and simulated high values of connectivity in the burned area. 
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1 INTRODUCTION 

Hydrological connectivity (HC) studies are fundamental to 

achieving effective management of runoff, soil, and critical 

source areas of sediment, nutrients and pollutants in 

forestry and agricultural catchments. Identifying the location 

of the main pathways in the landscape is important for 

management and restoration. Overland flow connectivity 

depends on the spatiotemporal interactions of hydrological 

and geomorphic processes as well as on the human footprint 

on the landscape. 

After the fire, most of vegetation cover is removed and ash 

covers soil surface playing a major role as a controller of 

overland flow generation and soil erosion processes (Pereira 

et al., 2015). However, once the ash is removed or crusted 

into the soil surface due to its mobilization by rainwater 

drops, there is a remarkable increase in runoff (Bodí et al., 

2012). In burned soils and under Mediterranean conditions, 

extreme and single rain‐wash events trigger extraordinary 

post‐fire erosion processes, mainly rillying and gulliyng, 

when burnt soils are unprotected after summer (Shakesby, 

2011). 

The fire removes the vegetation cover and soils remains 

uncover for certain period. Under these conditions, we 

hypothesize that runoff is enhanced and HC between 

hillslope sections and fluvial channels also increases, 

especially in very steep slope gradient. This study deals with 

the modelling of HC in a burned area in SE Spain with 

different levels of fire severity. Namely, the objectives are to: 

i) characterize and ii) modelling the pre‐ (PreF) and post‐fire 

(PostF) scenarios, as well as iii) evaluate the effect of the 

vegetation changes and the initial post‐fire management 

practices on the magnitude and spatial pattern of 

connectivity. 

2 MATERIALS AND METHODS 

2.1 STUDY AREA 

The study area corresponded to eleven headwater sub‐

catchments (total area of 330 ha) that cover the entire 

burned area of the mountain in the West and Southwest 

facing hillslopes. This site is located in the province of 

Malaga, South of Spain, and all sub‐catchments are 

disconnected between them (Figure 1). The fire started in 

2014, 27 June and lasted two days, affecting 222.9 ha. The 

landscape is mainly mountainous, with very steep slopes and 

marble rocks, Mediterranean climate, and a land use of 

shrubs and pine forests (pre‐fire scenario). Settlements, 

olive and fruit groves appear at the bottom of the slopes. 

 

 

Figure 1. Location of the burned area and map of burn severity. 

A DEM at 5x5 m performed by the National Geographic 

Institute was resampled to obtain a DEM at 2.5x2.5 m. Two 

satellite images from Landsat OLI, multispectral and 

panchromatic, were downloaded from USGS 

(http://earthexplorer.usgs.gov), and were used to evaluate 

the burn severity: June 18th, pre‐fire; July 7th, post‐fire. The 

pre‐fire and post‐fire land covers were derived from photo‐

interpretation and field surveys (Figure 2). The burn severity 

was evaluated using the most effective NIR‐SWIR index 

available in the literature, which is the Normalized Burn 

Ratio (NBR) (Key and Benson, 2002) (Eq. (1)). Since burn 

severity is dependent on the pre‐fire vegetation conditions, 

these authors used the temporal difference between pre‐ 

and postfire NBR (Δ NBR) values (Eq. (2)). 

��� =
(�����)

(�����)
    (1) 

��� = ���������� − �����������    (2) 

where ρ4 and ρ7 are the reflectance of band 4 (NIR) and 7 

(SWIR) of Landsat TM.  

After the wildfire, the burned trees were completely 

removed and thus new skid trails were built. Then, eleven 

concrete check‐dams and twelve wooded check‐dams were 

built in the main gullies (Figure 2). Four post‐fire scenarios 

are simulated: immediately after the fire (PostF1), with new 

skids and without check‐dams (PostF2), with new skids and 

check‐dams and without vegetation recovery (PostF3), and 
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with new skids and check‐dams and incipient vegetation 

cover (PostF4). 

  

 

Figure 2. Rills and gullies developed after the first rain shower in 

autumn. The track left by the dragging of burned trees is 

observed. 

2.2 INDEX OF HYDROLOGICAL CONNECTIVITY 

We used a modified version of the index of runoff and 

sediment connectivity (IC) of Borselli et al. (2008). This index 

accounts the characteristics of the drainage area (Dup) and of 

the flow path line that a particle has to travel to arrive at the 

nearest sink (Ddn): 

��� = log������,� ���,�⁄ � =

log�����
���� × ��

��� × ��� ∑ �� �� × ��⁄���
���� �  (3) 

where ��  is the average weighing factor, �̅  is the average 

slope gradient (m m–1), A is the contributing area (m2), di is 

the length of the ith cell along the downslope path (m), Wi is 

the weight of the ith cell, and Si is the slope gradient of the 

ith cell (m m–1). Values of Si lower than 0.005 must be 

replaced by the value Si = 0.005 and those higher than 1 must 

be set to a maximum value of 1 (Cavalli et al., 2013). This 

index is defined in the range of [−∞, +∞] and HC increases 

when IC grows towards +∞. In this article, the W weighing 

factor was equal to the C-RUSLE factor. The W map for each 

scenario was generated by using the five maps of land uses 

(QGIS©-64 2.14.0-Essen) and a reclassified map of burn 

severity. The weighted flow path length, and the �� , �̅ and A 

factors were calculated with the D‐infinity flow 

accumulation algorithm (available in SAGA©-64 2.1.2), 

instead of using the D8 algorithm of the original model. This 

approach is recommended by the European SedAlp research 

group of sediment transport 

(http://www.sedalp.eu/index.shtml) as well as in the 

TauDEM 5.2 suite tools (Tarboton, 2013). Finally, different 

“stream mask” layers were associated with the pre‐fire and 

post‐fire gully networks. The continuity of the flow path lines 

throughout the hillslopes and in the streams was ensured by 

removing the local depressions of the DEM (SAGA©-64 

2.1.2). Then, the boundaries of the eleven sub‐catchments 

were calculated upwards from the defined outlets (ArcGIS© 

10.3). The values of the C-RUSLE factor for the different land 

uses were obtained from Gómez et al. (2003), Miller et al. 

(2003), López‐Vicente and Navas (2009) and Panagos et al. 

(2015). The different scenarios of linear landscape elements 

(LLE), vegetation cover and modifications on the topography 

related to the construction of new trails and check‐dams 

were included in the simulations. The IC index was calculated 

at a spatial resolution of 2.5 x 2.5 meters. 

3 RESULTS AND DISCUSSION 

3.1 SPATIAL VARIABILITY OF BURN SEVERITY 

Most of the burned area was affected by very low and low 

burned severity (Figure 1) with 32.8 and 41.0% of the total 

area, respectively. Both levels of severity were mainly in the 

valley bottom and South facing hillslopes. In turn, moderate 

as well as extreme severity was mainly mapped in North 

facing hillslopes coinciding with those more vegetated 

hillslopes affecting to 15.5 and 3.6% of the total burned area. 

3.2 MODELLING OF HYDROLOGICAL CONNECTIVITY 

IN DIFFERENT SCENARIOS 

The LLE and the different gully networks defined the main 

overland flow pathways. Values of HC changed in 

accordance with the changes in the vegetation cover, 

whereas the spatial patterns of HC changed following the 

different post‐fire management practices (Figure 3). The 

overall value of HC in the eleven sub‐catchments clearly 

increased after the forest fire, and slight increments of 

connectivity were simulated during the second and third 

post‐fire scenarios. However, the incipient recovery of the 

vegetation explained the small decrease of HC in the fourth 

post‐fire scenario (Table 1). 
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Figure 3. Maps of land uses, vegetation, forest and post-fire management scenarios (left column) and of simulated HC (right column). 
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Table 1. Values of the C-RUSLE maps, length of the tracks and gullies, check-dams, and values of HC at the five land use scenarios. 

Scenario C-RUSLE  Tracks  Gullies  Check-dams  Hydrological Connectivity (HC) 

Name date mean  m  m  n  min mean max change previous (%) 

PreF 2012 0.1498  11,744  13,549  0  ‐8.390 ‐4.241 1.201 ‐‐‐‐ 

PostF1 Jul’14 0.4790  11,744  13,549  0  ‐6.449 ‐2.909 1.691 31.4 

PostF2 Sep’14 0.4994  17,417  13,402  23  ‐6.449 ‐2.857 1.774 1.8 

PostF3 Oct’14 0.4994  17,417  37,993  23  ‐6.449 ‐2.670 1.774 6.5 

PostF4 2015 0.4365  17,417  37,993  23  ‐6.449 ‐2.759 1.633 ‐3.3 

 

3.3 FIELD OBSERVATIONS OF RILL AND GULLY 

EROSION 

Three‐months after the wildfire, a rain shower episode 

occurred in the study area, but no data are available. In any 

case, the event had enough magnitude to enhance the 

development of new rills and gullies in many hillslopes of the 

burned area (Fig. XX). Local physical factors (lack of 

vegetation cover, steep slope gradients, and very thin and 

stony soils) played a key role in this process. However, a lot 

of those erosive morphologies were enhanced due to the 

post‐fire management of the burned trees. Their removal 

was carried out by means of their dragging down‐to‐up the 

hillslopes using cables. This technique left some marks and 

incisions, which were taken advantage by the runoff. 

4 CONCLUSIONS 

The forest fire and the subsequent management practices 

triggered a clear increment of the HC in the study area. The 

incipient vegetation recovery slightly reduced the overall 

values of connectivity in comparison with the scenario with 

the highest values of HC. Further research should be 

focussed on the effect of silted check‐dams, the progressive 

vegetation recovery and other support practices that can 

help to reduce the observed and simulated high values of 

connectivity in the burned area. 
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