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Abstract 

Rivers act as a network of channels that carry water, sediment, and energy downstream. On the heterogeneous area of 

the watershed, some areas might be responsive to disturbance (e.g., wildfires and droughts), while others may be resistant 

to the change. As a disturbance, fire is usually regarded as a key agent of soil erosion and land degradation. Fires are 

thought to be responsible for: (i) overland flow and reduction of the capacity of infiltration; (ii) increase of the 

availability of ash and debris and disruption of the soil nutrient cycle; and (iii) increase of connectivity across the 

watershed. The potential fire effects on soils and aquatic resources have created a strong demand for a post-fire sediment 

loss prediction tool. Taking this in mind, this study aims to assess post-fire soil erosion patterns at the decadal scale 

comparing different approaches. The methodology comprises (i) a process-based model that is able to investigate long-

term and large-scale spatial landscape evolution, LAPSUS model; (ii) an index that represents a connectivity assessment 

based on local landscape information, the Borselli Index of Connectivity (IC); and (iii) and the sediment export that 

represents the sediment eroded that actually reaches the stream based on local landscape information, combining the IC 

with the Revised Universal Soil Loss Equation (RUSLE) model. Results include a comparison between the approaches 

used in the context of specific fire events between 1979 and 2020 for the Agueda watershed in central Portugal. The 

authors believe that assessing the spatial-temporal evolution of connectivity in the actual landscape with the appropriate 

tool is extremely important to estimate the probability that a given part of the landscape transfers its sediments 

downstream. 

 

 

1. Introduction 

Rivers act as a network of channels that carry water, sediment, and energy downstream (1). On the 

heterogeneous area of the watershed, some areas might be responsive to disturbance events (e.g., wildfires and 

droughts), while others may be resistant to the change (Khan et al., 2021). 

Fire disturbance is usually regarded as a key agent of soil erosion and land degradation (Shakesby, 2011). Fire 

is pointed as responsible for: (i) overland flow and reduction of the capacity of infiltration (Basso et al., 2021; 

Fernández et al., 2010); (ii) increase of the availability of ash and debris and disruption of the soil nutrient cycle 

(Basso et al., 2021); and (iv) increase of connectivity across the watershed (van der Grift, 2021). The potential 

fire effects on soils and aquatic resources have created a strong demand for a post-fire sediment loss prediction 

tool (Fernández et al., 2010; Larsen & MacDonald, 2007; Vieira et al., 2014). 

It is then important to have a working connectivity definition and usable indices and models to assess its spatial 

and temporal distribution. In this study, the authors work with the sediment connectivity definition recognized 

by the scientific community: the capacity of sediment to move through the watershed (Bracken & Croke, 2007; 

Crema & Cavalli, 2018; Hooke, 2003). To assess sediment connectivity spatial and temporal distribution the 

authors use three different approaches based on information available in a GIS environment: the Index of 

Connectivity (IC)(Borselli et al., 2008), the long-term landscape evolution model LAPSUS (Landscape Process 

Modelling at Multi-Dimensions and Scales) (Baartman et al., 2010; Temme et al., 2011), and the Sediment 

Export (SE) approach (Sharp et al., 2020). 
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This study seeks to answer the specific research questions: (i) “What aspect of connectivity do the different 

indexes and models measure?”; and (ii) “How these approaches are related?”. 

 

2. Data and Methods 

This study focused on the Águeda watershed located in the central area of mainland Portugal. This watershed 

is a representative region where different agents contribute to landscape evolution/modification, and where 

sediment connectivity should consider the contribution of such agents to erosion and transport and their 

influence on the morphological settings that control sediment conveyance (Cavalli et al., 2013). 

To assess sediment connectivity the authors used IC, LAPSUS, and SE for different soil burn severity scenarios 

for 1979-2020. These approaches need as inputs: (i) fire severity, (ii) land use information, (iii) USLE-C factor 

values; and (iv) annual soil parameters (P-factor, LS-factor, K-factor, and R-factor). To test independence and 

find interactions between the three approaches the authors used contingency tables, accuracy metrics and 

statistical measures of association. 

 

3. Results and discussion 

Results include the connectivity description and the comparison between the approaches in the context of 

specific fire events between 1979 and 2020. The three approaches take different times to be computed, due to 

the necessity of LAPSUS need to be calibrated. From the 3 approaches, LAPSUS needs more inputs and IC 

fewer inputs. The relation is better between LAPSUS and SE than between LAPSUS and IC. In addition, this 

relation between LAPSUS and the other approaches depends on the target year and/or fire characteristics.  

 

4. Conclusion 

This study presents 3 different approaches to assess sediment connectivity which lead to the identification of 

potential sources of ash and post-fire contaminants. The authors believe the results of this study are extremely 

important to estimate the probability that a given part of the landscape transfers its downstream. 
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