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Wildfire Risks in Mediterranean Europe
The Mediterranean region faces severe wildfire 
frequency and intensity shifts driven by:

➢Climate Change: Prolonged drought periods and 
more intense, frequent heatwaves.

➢Scale of Destruction: Over 500,000 hectares 
burned across the EU in 2023 alone (worst wildfire 
season in recent history).

➢Ecological Impact: 41% of burned EU forest area in 
2023 lied directly within protected Nature 2000 
habitats.

➢2024 Trends: 8,343 recorded wildfires consuming 
approximately 335,000 hectares.

European Forest Fire Information System (EFFIS); Copernicus Climate Change Service



Wildfire effects
POST-FIRE EROSION:

Wildfires cause severe ecological and 
physical damages, altering soil properties, 
reducing water infiltration capacity, and 

dramatically raising peak in the 
streamflows and sedimentary 

connectivity. 

ADAPTIVE MANAGEMENT:

• Adaptive forest management to reduce the forest fire risk or by raising public awareness

• Post-rehabilitation measures to mitigate the effects of fire on hydro-sedimentary response and 

protect soil from erosion 

ACCURATE PREDICTION:
• Accurate prediction of post-fire streamflow and sediment yield is fundamental for guiding post-fire 

risk management and planning restoration measures.



Research problem: Post-fire modelling

• Parameter Limits: Hydrosedimentary models are rarely 
calibrated specifically for post-fire conditions due to extreme 
scarcity of pre- and post-fire data.

• Furthermore, the years after the fire require a specific parametrization 
(Robichaud, 2000; Carrà et al. 2021; Lopes et al. 2021)

• Lack of Validation: Most current publications report 
modelling setups without field validation or local calibration.



Objectives

Main aim:
-To improve SWAT 
parameterization for 
post-fire hydro-
sedimentary response 
using field measurements 
of a small Mediterranean 
catchment (streamflow 
and sediment data).

Specific objectives:
-Simulate streamflow and 
sediment yield, comparing the 
post-fire situation and the 
natural regeneration period

-Identify the changes between 
the parameters in both 
conditions



Study Area: Sa Font de la Vila 
catchment
Catchment Properties

Located in Mallorca, Spain, this mountainous experimental 
catchment has the following features:

•Scale: Small basin draining 4.8 km² area.

•Topography: Elevation ranges from 63 to 517 m a.s.l.  with 
a steep mean slope gradient of 38%.

•Climate: Mediterranean sub-humid, average temperature 
16.5 °C, mean annual precipitation of 532 mm, which is 
frequently concentrated in short, high-intensity rainfall 
events.

•Lithology: It is dominated by dolomites and limestone in 
the headwaters, with clays and loams in the valley bottoms



Study Area: Sa Font de la Vila 
catchment
Land Use & Fire History

Extremely high wildfire recurrence heavily impacts the 
local hydrology:

•Baseline Land Use: Mostly forest (51%), scrubland (33%), 
and agriculture (15%).

•1994 Wildfire: Affected 25% of the catchment's area.

•2013 Wildfire: Large wildfire in July affected 71% of the 
basin, with 30% overlapping the 1994 burn area.

•This recurrent burning severely compromises the 
resilience of the soil-vegetation system, compounding the 
catchment's erosive and hydrological responses over 
time. 



Hydrosedimentary Monitoring

The Sa Font de la Vila catchment is highly instrumented with two 
functional gauging stations:

•Upstream Station (Sa Murtera): Controls a sub-basin of 1.1 km². 
Installed in September 2014, leaving the immediate first-year 
post-fire hydrology unmonitored.

•Downstream Outlet Station: Controls the total 4.8 km² 
catchment. Streamflow and suspended sediment concentration 
(SSC) were measured continuously from 2013 at 15-minute 
intervals.



Model Set-Up Calibration
Streamflow

Sediment

Misurement:
• Streamflow 
• Suspended 

sediment 
concentration 
(SSC)

The catchment was discretized
into 20 sub-basins and 93
Hydrological Response Units
(HRUs).

SWAT Model Structure & Workflow
Inputs & Setup

o DEM topography, 

o Soils,

o Land use,

o Meteorological data,

o Sediment measurements



Simulations

Simulation periods: 
• post-fire period
• natural regeneration 

phases.

Time step:
• daily scale, based on 

outlet measurements.

Main calibrated parameters:
• streamflow, 
• sediment concentration

• Steamflow and sediment load simulation after natural regeneration (From 2015 to 2020) 

• First-years after-fire event (calibration and parameterization, 2013- 2014)



Simulations
Simulation periods: 
• post-fire period
• natural regeneration phases.

• Steamflow and sediment load simulation after natural regeneration (From 2015 to 

2020) 

• First-years after-fire event (calibration and parameterization, 2013- 2014)

Immediately after a fire, the catchment experiences an extreme, temporary disequilibrium. 

The first rainfall event primarily mobilizes material from burned hillslope surface soils.
The fire also drastically increased the sediment connectivity.

In the years following the event, the system undergoes ecological succession. As vegetation 
progressively regrows, hillslopes stabilize, and sediment connectivity is reduced. 

(García-Comendador et al., 2017)



SWAT model calibrations
Parameter Description

CH_N1 Manning’s ‘‘n’’ value for the tributary channel

CH_N2 Manning’s ‘‘n’’ value for main channel

CN2 SCS Curve number for moisture condition II

CH_K1 Effective hydraulic conductivity in tributary channel alluvium (mm/hr)

CH_K2 Effective hydraulic conductivity In the main channel

OV_N Manning’s ‘‘n’’ value for overland flow

TRNSRCH
Fraction of transmission losses from main channel that enter deep 
aquifer

GW_DELAY Ground water delay time (days)

RCHRG_DP Deep aquifer percolation fraction

SOL_Z Depth from soil surface to bottom of layer (mm)

ALPHA_BF Baseflow alpha factor (1/days)

GWQMN
Treshold depth of water in the shallow aquifer required for return 
flow to occur (mm)

GW_REVAP Ground water ‘‘revap’’ coefficient

SOL_K Saturated hydraulic conductivity (mm/hr)

SOL_AWC Available water capacity of the soil layer (mm H2O/mm soil)

ESCO Soil evaporation compensation factor

CANMX Maximum canopy storage (mm H2O)

SOL_CRK
Potential or maximum crak volume of the soil profile expressed as a 
fraction of the total soil volume

SPEXP Exponent for calculating sediment retrained in channel

SPCON
Maximum amount of sediment retrained during channel sediment 
routing

USLE_K USLE eq. Soil erodibility factor

ADJ_PKR Peak rate adjustment factor for sediment routing in the sub-basin

LAT_SED Sediment concentration in groundwater flow

PRF_BSN Peak rate adjustment factor for sediment routing in the main channel

SWAT-CUP Calibration

Sequential Uncertainty Fitting 
(SUFI2) algorithm was implemented 
targeting a Nash-Sutcliffe Efficiency 
(NSE) greater than 0.5 for streamflow 
and sediment.

Streamflow

Sediment 
yield



Objective: 
to improve the parameterization for simulating post-fire hydro-
sedimentary response

PARAMETER DESCRIPTION BASELINE FR2 (HIGH 
SEVERITY)

FR5 (LOW 
SEVERITY) FR6 (VERY LOW)

OV_N

Manning's 
roughness 
coefficient for 
overland flow

(0.4) 0.16 0.3 0.3

USLE_P
USLE equation 
supporting practice 
factor

0.8 1.0 0.9 0.9

USLE_C
USLE C factor for 
water erosion 
(m²/m²)

0.0019 0.13 0.01 0.01

CN2
Initial SCS runoff 
curve number 
(Moisture Cond. II)

(70) 85 75 73

USLE_K

USLE soil erodibility 
factor 
[(ton·acre·hr)/(hundr
ed acre·ft·ton·in)]

0.13 - 0.15 +0.016 / 0.1317 +0.014 / 0.1317 0.13 - 0.15

• First-period after-fire event (1.10.2013-31.12.2014)

One example of the most relevant parameters from the literature
De Girolamo et al., 2022. https://doi.org/10.1016/j.catena.2022.106080

PARAMETER DESCRIPTION ACTUAL VALUE USED

CN2 SCS runoff curve number (Moisture Cond. II) 70-85

GWQMN
Threshold depth of water in the 
shallow aquifer required for return 
flow to occur [mm H2O] 

800

OV_N Manning's roughness coefficient for overland 
flow 0.1-0.4

SOL_AWC Available water capacity [mm H2O/ 
mm soil] 0.12–0.21

ESCO Soil Evaporation compensation 
factor 0.95

SURLAG Surface runoff lag coefficient [days] 2

GWREVAP Revap coefficient 0.02 

ALPHA_BF Baseflow alpha factor [days] 0.95 

GW_DELAY Groundwater delay time [days] 3

CH_N2 Manning’s “n” value for main 
channel 0.11 

https://doi.org/10.1016/j.catena.2022.106080


Main results for streamflow 
(2015-2020)

Goodness of fit for streamflow:

R2 : 0.65
NSE: 0.60
PBIAS: 21

21 January 2017:
- observed peak: 0,77 m3 s-1,
- simulated peak:  0,55 m3 s-1



Main results for sediment load 
(2015-2020) 

 

 

 

 

 

  

  

  

  

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  
  
  
 

 
  
  
  
  
 

 
  
  
  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  
  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  
  
  
 

 
  
  
  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  

  
  
 

 
  
  
  
  
 

 

                                         
                          

                 

Goodness of fit for sediment load :

R2 : 0.61
NSE: 0.60
PBIAS: 8.80

21 January 2017:
- observed peak: 14,39
- simulated peak: 10,30 t.



Main results for streamflow 
(2013-2014)
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Goodness of fit for streamflow:

R2 : 0.65
NSE: 0.65
PBIAS: 23.1

20 December 2013:
- observed peak: 0,0478 m3 s-1 
- simulated peak:  0,0476 m3 s-1



M     g’          f             ch     v__CH_N1.sub 25.30684
M     g’          f        ch      v__CH_N2.rte 0.114903
SCS Curve number for moisture condition II r__CN2.mgt 0.224255
Effective hydraulic conductivity in tributary 
channel v__CH_K1.sub 7.486315
Effective hydraulic conductivity in the main 
channel v__CH_K2.rte 64.71829
M     g’          f            f  w v__OV_N.hru__(All)__(All)__(All)__4,6,8-20 18.71612
M     g’          f            f  w v__OV_N.hru__(All)__(All)__(All)__1-3,5,7 25.40354
Fraction of transmission losses v__TRNSRCH.bsn 0.138246
Ground water delay time v__GW_DELAY.gw 58.13363
Deep acquifer percolation fraction v__RCHRG_DP.gw 0.508438
Depth from soil surface to bottom of layer r__SOL_Z().sol 0.419475
Baseflow alpha factor v__ALPHA_BF.gw 0.570199
Treshold depth of water in the shallow aquifer v__GWQMN.gw 2119.672
G      w     “revap” c  ff c    v__GW_REVAP.gw 0.175489
Saturated hydraulic conductivity r__SOL_K().sol 0.147119
Available water capacity of the soil layer r__SOL_AWC().sol 0.153479
Soil evaporation compensation factor v__ESCO.hru 0.426058
Maximum canopy storage v__CANMX.hru______RNGB 44.45
Maximum canopy storage v__CANMX.hru______OLIV 4.05
Maximum canopy storage v__CANMX.hru______FRSD 3.55
Potential or maximum crak volume of the soil 
profile expressed as a fraction of the total soil 
volume v__SOL_CRK.sol 0.113117

Streamflow (2015-2020)
SCS Curve number for moisture condition II r__CN2.mgt 0.3
M     g’  ‘‘ ’’       f    h            ch     v__CH_N1.sub 24.57
M     g’  ‘‘ ’’       f        ch     v__CH_N2.rte 0.5
Effective hydraulic conductivity in tributary channel 
alluvium (mm/hr) r__CH_K1.sub 217.5
Effective hydraulic conductivity In the main channel v__CH_K2.rte 60.88
M     g’  ‘‘ ’’       f            f  w v__OV_N.hru 5
Depth from soil surface to bottom of layer (mm) r__SOL_Z().sol 0.6
Saturated hydraulic conductivity (mm/hr) r__SOL_K().sol 0.8
Available water capacity of the soil layer (mm 
H2O/mm soil)

r__SOL_AWC().so
l -0.7

Baseflow alpha factor (1/days) v__ALPHA_BF.gw 0.15
Fraction of transmission losses from main channel that 
enter deep aquifer v__TRNSRCH.bsn 0.8
Ground water delay time (days) v__GW_DELAY.gw 500
Deep aquifer percolation fraction v__RCHRG_DP.gw 0.258
Treshold depth of water in the shallow aquifer 
required for return flow to occur (mm) v__GWQMN.gw 3500
G      w     ‘‘revap’’ c  ff c    v__GW_REVAP.gw 0.02
Surface Runoff Lag v__SURLAG.bsn 8
Plant Uptake Compensation Factor v__EPCO.bsn 0.075
Soil evaporation compensation factor v__ESCO.bsn 0.3
Threshold depth of water in the shallow aquifer v__REVAPMN.gw 100

Streamflow (2013-2014)

Most sensitive parameters are consistent with DeGirolamo et al., 2022) 
Changes of the OV_N and CN2 reflect decreased infiltration and increased water repellency



Exponent for calculating sediment retrained in 
channel v__SPEXP.bsn 2

Maximum amount of sediment retrained during 
channel sediment routing v__SPCON.bsn 0.01

USLE eq. Soil erodibility factor r__USLE_K().sol 0.5
Peak rate adjustment factor for sediment routing in 
the sub-basin v__ADJ_PKR.bsn 3

Sediment concentration in groundwater flow v__LAT_SED.hru 5000
Peak rate adjustment factor for sediment routing in 
the main channel r__PRF_BSN.bsn 3

Sediment load (2015-2020)

Work in progress

Sediment load (2013-2014)



Discussion
SWAT Model Potential

Results confirm that hydrological models are robust tools for simulating geomorphological processes 
and sediment dynamics in Mediterranean catchments.

A calibrated setup is highly beneficial for regional watershed managers to plan erosion protection 
schemes and evaluate post-rehabilitation effects.

Sources of Uncertainty

Model parameterization represents the largest uncertainty, particularly when parameter values are 
extracted strictly from existing literature without local field validation.

It is important to have good meteorological data quality and a long daily temporal resolution.



Conclusions
•Final Key: SWAT is highly useful to simulate daily hydrology and sediment 
load in small Mediterranean basins.
•Calibration Status: Post-fire streamflows were successfully calibrated with 
the sediment load of the period 2015-2020 (NSE = 0.60, R² = 0.65).
•PARAMETERS MOST IMPORTANT: OV_N (Manning value), CN2 (SCS Curve 
Number), SOL_K (Saturated hydraulic conductivity), CH_K1 (Effective 
hydraulic conductivity in tributary channel), CH_K2 (Effective hydraulic 
conductivity in the main channel)

•Future Focus: Further investigations are needed to calibrate sediment loads 
of the post-fire period.



Thank you!

annunziata.fiore@uniba.it

15-19 June 2026 - Thessaloniki, Greece
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