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Abstract

Fires can contaminate streams with fine sediments, nutrients, and ashes, threatening aquatic ecosystems and water
supplies. Recent research on sediment and contaminant mobilization processes in burnt areas exists but linking
mobilization with water contamination processes at larger scales remains challenging. In the FRISCO project, we argue
that recent advances in understanding fire behavior and post-fire landscapes can overcome the major challenges in
assessing and managing post-fire contamination risks. Links between fire characteristics and hydrologic impacts can be
assessed by combining remote sensing and modeling tools with studies on fire severity and impacts on vegetation and
soils. The impacts of fires on contaminant transport pathways can be assessed by combining landscape connectivity and
hydrological modeling of burnt areas with field research on contaminant mobilization and transport. Overall, FRISCO
researchers want to investigate the vulnerability of Mediterranean streams and water resources to contamination by fires.
Our main results include: (i) map of post-fire sediment and ash transport pathways using satellite imagery; and (ii)
statistical analysis of relation between fire characteristics (e.g., burnt area and fire severity) and water contaminants. We
hope that the results help stakeholders in the development of the best practices for post-fire contamination management.

1. Introduction

Land abandonment in the Mediterranean has led to the combination of fuel build-up with widespread
afforestation and an increase in the frequency and severity of wildfires (Moreira et al., 2020). Post-fire processes
can contaminate streams with fine sediments, nutrients, and ashes (Verkaik et al., 2013), threatening aquatic
ecosystems (Martin, 2016) and water supplies (Shakesby et al., 2016). Recent research focuses on sediment and
contaminant mobilization processes in burnt areas (Nunes, Doerr, et al., 2018), but difficulties in linking
mobilization with water contamination processes at larger scales persist (Santin et al., 2016).

We argue that recent developments in understanding fire behavior and post-fire landscapes can overcome most
of those difficulties (Santin et al., 2016), such as: (i) the relationship between fire spread descriptors and
hydrological impacts (Nunes, Doerr, et al., 2018; S4 et al., 2017), using the combination of remote sensing
techniques and modeling (Benali et al., 2017; Chafer et al., 2016; Sa et al., 2018) tools with studies on burn
severity and impacts on vegetation and soils (Cardil et al., 2019; Keesstra et al., 2018; Moody et al., 2016) to
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estimate the hydrological impacts of fires at large scales; and (ii) the impacts of fires on contaminant transport
pathways (Martinez-Murillo & Lopez-Vicente, 2018) using the latest methodologies of landscape connectivity
(Martinez-Murillo & L6pez-Vicente, 2018; Nunes, Naranjo Quintanilla, et al., 2018) and hydrological modeling
of burnt areas (Campos et al., 2016) combined with field research on contaminant mobilization and transport
(Hawtree et al., 2014).

The FRISCO project takes advantage of these advances to answer the question: How vulnerable are
Mediterranean streams and water resources to contamination by fires? This study aims to present the current
developments of the project on developing the information and tools needed to address this question.

2. Data and Methods

The FRISCO project focuses on Portugal as representative of the Mediterranean region. Portugal has an
extensive forest cover and has experienced frequent and recurrent forest fires since the 1970s under two distinct
fire regimes (Santin et al., 2016). It also has a large and open-access historical water quality database (SNIRH;
http://snirh.pt).

This project has 72 main study areas that: (i) represent key water supply sources, e.g., direct water uptake from
streams, low-capacity reservoirs, and large volume reservoirs; (ii) represent different fire regimes; and (iii) have
available water quality data from the SNIRH network.Currently, we are working on 3 of 5 main tasks of
FRISCO:

Task 1 - Characterization of fire impacts on vegetation and soils: with the main objective of combining
satellite imagery and field data to characterize the fire impacts on vegetation and soils in mainland Portugal,
in the last 20 years (2001 to 2020);

Task 2 — Characterization of fire impacts on contaminant mobilization and transport to streams: with the
main objective of combining the information produced in task 1 with the new developments in connectivity
theory and modelling, to characterize the contaminant mobilization and transport to streams for key water
supply sources;

Task 3 - Identification of post-fire contamination episodes in key water supply sources and their main
drivers: used historical water quality data and statistical analysis to identify post-fire contamination episodes
in the key water supply sources in the last 20 years and assess their main drivers in coordination with water
managers.

3. Results and discussion

The results of the 1% stage of FRISCO project show the new state of the art in the study of post-fire water
contamination and in the establishment of the relationship between port-fire processes and post-fire hydrology.
In particular, (i) the modelling of post-fire sediment and ash transport pathways using satellite imagery datasets;
and (ii) the improvement of knowledge on the relations between fire, vegetation, soils, and water, which was
done through statistical analysis of relation between fire characteristics (e.g., burnt area and fire severity) and
water contaminants.

4, Conclusion

The FRISCO project had advanced the state of the art in the development of new knowledge on the relations
between fire, vegetation, soils, and water, overcoming the main limitation for further progress (Santin et al.,
2016); help understand and assess the impacts of fire on the provision of hydrological services by forests
(Campos et al., 2016); and take fire into account in the assessment of the impacts of climate and land-use
changes on water resources, addressing a major uncertainty in adaptation to climate change planning (Santin et
al., 2016). As future work, we hope to (i) model a contamination risk index, which will arise to an operational
tool that will allow qualitative risk for each water body; and (ii) a combined fire and contamination model that
will help to get an operational risk mitigation manual for water managers.
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