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ABSTRACT
WEPPcloud—European Union (EU) is an online interface of the Water Erosion Prediction Project (WEPP) model designed to 
predict streamflow and sediments in European forested watersheds. Although designed to be run in any location in Europe, its 
performance has not yet been evaluated against observed data. This study evaluates WEPPcloud—EU's performance in simu-
lating streamflow and suspended sediment yield for two burned catchments, Ermida and Serra de Cima, in continental Portugal 
during the first year after the fire. The default parameters significantly underestimated streamflow and suspended sediment 
yield at the outlet of both catchments, suggesting the need for catchment-specific parameterization. Selected model input param-
eters (bulk density, sand, clay, organic matter and rock content) were changed based on existing information on local conditions 
at the beginning of an autocalibration procedure. This combined re-parameterization and autocalibration procedure (based on 
saturated hydraulic conductivity, anisotropy and baseflow coefficient) improved the performance of WEPPcloud—EU model, 
yielding satisfactory results for both streamflow and suspended sediment yield for both catchments. The autocalibration im-
proved model accuracy, with predicted average streamflow from the default 3.3 to 6.3 mm day−1 (observed 6.9 mm day−1) and 
suspended sediment yield from 0.5 to 8.2 kg ha−1 day−1 (observed 11.7 kg ha−1 day−1) in the Ermida catchment. In Serra de Cima, 
predicted average streamflow improved from 1.8 to 1.9 mm day−1 (observed 1.8 mm day−1) and suspended sediment yield from 
1.4 to 35.4 kg ha−1 day−1 (observed 28.5 kg ha−1 day−1). This study demonstrated WEPPcloud—EU potential as a decision-support 
tool for post-fire emergency stabilization in catchments in Europe. Future studies in different eco-regions in Europe are needed 
for a broader assessment of the model's potential, including for emergency stabilization scenarios and with an emphasis on the 
importance of existing local information for achieving satisfactory predictions.

1   |   Introduction

Wildfires have been a natural phenomenon present in the 
Mediterranean region since the Holocene (Burjachs and 
Expósito 2015; Carrión et al. 2003). Although essential for the 
shaping of the Mediterranean ecosystem, in the last decades 
wildfires have become a threat, mainly due to climate changes 

and the progressive abandonment of the areas previously used 
for agriculture (Moreira et al. 2020; Moreira et al. 2009; San-
Miguel-Ayanz et al. 2022; Silva et al. 2011; Turco et al. 2016; 
Viedma et  al.  2015). Furthermore, the widespread planting 
of fire-prone timber species on these abandoned agricultural 
lands and the often reduced fuel-load management of these 
plantations has created a highly flammable environment in 
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a large part of the Iberian Peninsula (Fernandes et al. 2019; 
Pausas and Fernández-Muñoz 2012; Silva et al. 2009; Viedma 
et al. 2015).

Wildfires can deeply affect the hydrological and erosion re-
sponses of forested watersheds, due to the consumption of 
vegetation and litter layer combined with heating-induced 
changes in topsoil properties as a function of the burn sever-
ity (Certini 2005; DeBano 2000; Fernández 2023; Keeley 2009; 
Shakesby and Doerr 2006; Vieira et al. 2015). The consump-
tion of the vegetation and litter reduces interception capacity, 
leaving the soil exposed to the direct impacts of rainfall drops 
and overland flow and, thereby, enhancing the detachment 
of soil particles by raindrops and overland flow (Cerdá and 
Doerr 2005; Shakesby and Doerr 2006). In addition, heating 
can reduce soil aggregation, altering its structure by depleting 
organic matter and breaking mineral bonds and, ultimately, 
turning the soil more erodible (DeBano et  al.  1998; Mataix-
Solera et al. 2011; Parsons et al. 2010). Depending on the soil 
heating regime (DeBano  2000), infiltration capacity can be 
markedly reduced (Vieira et al. 2015). Such reduction is typ-
ically attributed to the formation of a water-repellent layer, 
with hydrophobic hydrocarbons coating soil particles and dis-
rupting mineral bindings (DeBano et al. 1998; Mataix-Solera 
et al. 2011; Parsons et al. 2010). However, temperatures above 
270°C–400°C can destroy pre-existing soil water repellency or 
reduce its severity (Doerr 1998; Doerr et al. 2009; Santín and 
Doerr 2016).

The above-mentioned fire-induced changes can lead to sec-
ondary impacts such as increased overland flow and soil ero-
sion. The overland flow response of recently burnt areas is 
commonly observed to be faster and characterized by larger 
volumes than that of nearby unburnt areas (Ebel et al. 2012; 
Malvar et  al.  2011; Moody et  al.  2013; Neary et  al.  2003; 
Shakesby and Doerr  2006). Even so, the post-fire hydrolog-
ical response can vary markedly between burnt areas and 
with time-since-fire, as this response typically depends on a 
complexity of factors. Key factors are the degree of burn se-
verity (Fernández 2023; Keeley 2009; Vieira et al. 2015), post-
fire rainfall regime (Moody et  al.  2013; Murphy et  al.  2015; 
Neary et  al.  2003; Wagenbrenner et  al.  2021), topography 
(DeBano et  al.  1998; Dillon et  al.  2011; Neary et  al.  2003), 
pre- and post-fire vegetation and land management practises, 
including emergency stabilization measures (Fernández and 
Vega  2016a; Girona-García et  al.  2021; Holden et  al.  2007; 
Malvar et  al.  2016; Malvar et  al.  2013; Parente et  al.  2021; 
Robichaud et al. 2020; Vieira et al. 2016) and soil characteris-
tics (Cerdan et al. 2010; Coelho et al. 1995).

Fire impacts resulting from the enhanced runoff and erosion re-
sponses are often not limited to the burned areas but can pose 
a threat to downstream locations. Fire-enhanced hydrological 
and erosive responses can produce flash floods and debris flows 
(Cannon et al. 2008; Moody et al. 2013), and can jeopardize the 
water quality of downstream waterbodies, including water res-
ervoirs (Basso et al. 2022a; Bladon et al. 2014; Emelko et al. 2011; 
Smith et al. 2011).

A large variety of hydrological and erosion models have been 
tested to predict wildfire impacts on water quantity and quality, 

ranging from empirical to physical models (Lopes et al. 2021). 
Empirical models such as the (Revised) Universal Soil Loss 
Equation ((R)USLE; Renard et  al.  1991; Wischmeier and 
Smith  1978), and semi-empirical models such as the Morgan–
Morgan–Finney model (MMF; Morgan 2001) have been tested 
most comprehensively (Fernández et  al.  2010; Fernández and 
Vega 2016b; Larsen and MacDonald 2007; Litschert et al. 2014; 
Lopes et  al.  2021; Myronidis and Arabatzis  2009; Parente 
et  al.  2022), while physically based models have been tested 
less frequently and mainly focus on catchment responses 
at (sub-)hourly to daily resolutions (Basso et  al.  2024; Basso 
et al. 2022b; Basso et al. 2019; De Girolamo et al. 2022; Dobre 
et al. 2022; Havel et al. 2018; Lew et al. 2022; Loiselle et al. 2020; 
Nunes et al. 2018). Although the application of models to burned 
areas is being studied by the scientific community, the use of 
models to support operational land and water management 
decision-making after wildfires is not yet widely adopted in 
Europe.

Operational emergency stabilization is often conditioned by 
a lack of time between a wildfire and the first significant 
post-fire rainfall event(s). Therefore, models that do not re-
quire time-consuming data collection and/or important cal-
ibration efforts to obtain reliable predictions are essential. 
The WEPPcloud—EU (European Union) interface (Lew 
et al. 2022) may be the first such model for the EU, offering 
a user-friendly, online platform to run the model. Based on 
the Water Erosion Prediction Project (WEPP) (Flanagan and 
Nearing 1995), WEPPcloud—EU was developed in collabora-
tion between the University of Idaho and the U.S. Department 
of Agriculture Forest Service at the Rocky Mountain Research 
Station. The Forest Service WEPP Interfaces platform 
(Elliot  2000), which includes WEPPcloud, counts for more 
than 100 000 runs annually, being used by stakeholders to as-
sess the implications of different types of disturbances as well 
as the effectiveness of selected erosion mitigation treatments. 
WEPPcloud provides predictions of post-fire hydrological and 
erosion response at watershed scale (up to 5000 ha), using as 
input a user-supplied soil burn severity map and data from ex-
isting databases (Dobre et  al.  2022; Lew et  al.  2022). While 
WEPPcloud has been extensively parameterized and cali-
brated for burned areas across the USA (Brooks et  al.  2016; 
Dobre et  al.  2022; East et  al.  2024; Srivastava et  al.  2018), 
WEPPcloud—EU had not yet been tested for Europe, at least 
at the start of this study.

To evaluate the applicability of WEPPcloud—EU as a post-fire 
management tool, the model was tested on two recently burned 
catchments in Portugal. The aim of the study was to compare 
results obtained using WEPPcloud—EU with default parameter 
values against the results obtained from model parameteriza-
tion with local field measurements and model calibration. The 
specific objectives were: (i) Assess the model performance of the 
default configuration of WEPPcloud—EU to simulate the hydro-
logical and erosive response for two recently burned catchments 
in the Central region of Portugal; (ii) Assess WEPPcloud—EU 
performance to simulate daily streamflow and suspended sedi-
ment yield at the outlet of the burned catchments after including 
locally measured input parameters and performing a calibration 
limited to a small number of parameters and (iii) compare the 
differences in the modeled responses of the two catchments.
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2   |   Materials and Methods

2.1   |   Study Sites

This study was conducted in two experimental catchments af-
fected by wildfire in the Central region of continental Portugal 
(Figure  1). The Ermida catchment (0.22 km2; 40.730500°, 
−8.345296°) was dominated by plantations of eucalypt 
(Eucalyptus globulus Labill.) but included a maritime pine (Pinus 
pinaster Ait.) stand and a riparian stand of cork oak (Quercus 
suber L.). The watershed elevation ranges from 88 to 302 m 
above m.s.l. The Serra de Cima catchment (0.52 km2, 40.60915°, 
−8.34037°) was also dominated by eucalypt plantations, except 
for a small area of riparian forest close to the outlet. The wa-
tershed elevation ranges between 275 and 485 m above m.s.l. 
Both catchments were part of the Hesperic Massif in the Central 
Iberian Zone, and the parent material is (predominantly) pre-
Ordovician schist (Boulet et al. 2015; Ferreira et al. 2016; Martins 
et al. 2013; Serpa et al. 2020). The soils in both catchments were 
predominantly Humic Cambisols combined with different types 
of Leptosols (Cardoso 1974; Pereira and FitzPatrick 1995). The 
Ermida topsoil was characterized by a sandy loam to sandy clay 
texture (Ferreira et al. 2016; Serpa et al. 2020), while the Serra 
de Cima topsoil had a silty loam texture (Boulet et  al.  2015). 
The topsoil in both catchments had high stone content, in the 
order of 50% in the case of the Serra de Cima catchment (Boulet 
et al. 2015) and 55% in the case of the Ermida catchment (Prats 
et al. 2016). However, there was a small portion of the Ermida 
catchment with Leptosols, which exhibited a reduced rock 

content (10%). Soil depth ranged from 200 to 800 mm in the Serra 
de Cima catchment (Boulet et al. 2015) and from 250 to 750 mm 
in the Ermida catchment. The climate of the two catchments 
was similar, being characterized by mean annual temperature 
and rainfall during the last 25 years of 14.9°C and 1609 mm 
year−1 in the Ermida catchment, and 14.4°C and 1330 mm year−1 
in the Serra de Cima catchment (SNIRH  2020). The Ermida 
catchment was characterized by two springs and two retention 
ponds, the latter used in the past for irrigation and flow control 
(Keizer et al. 2015) (Figure 1). The aquifer of the area is predom-
inantly unconfined and recharges mainly through precipitation. 
The main natural discharge process involves groundwater flow 
occurring in fault zones. The flow of one of the springs was neg-
ligible in the summer season, while the flow behaviour of the 
spring located in the upper part of the watershed appears to have 
a strong correlation with the amount of precipitation during the 
wet season (October–March). In years when the total rainfall for 
these months was less than 1000 mm, the flow from the spring 
decreased significantly, although it generally did not dry up 
during prolonged dry summers.

In July 2010, the Ermida catchment was entirely burned by a wild-
fire, predominantly at moderate severity (Ferreira et  al.  2016) 
(Figure  1). In August 2016, a wildfire affected approximately 
74% of the Serra de Cima catchment. Due to the presence of un-
burned areas, the burn severity at the Serra de Cima catchment 
was mapped using Sentinel 2 imagery, computing the difference 
Normalised Burn Ratio from the near-infrared and shortwave 
infrared bands (Figure 1) (Lutes et al. 2006).

FIGURE 1    |    Study areas and burn severity maps.
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2.2   |   Catchment Instrumentation

The Ermida and Serra de Cima hydrometric stations both con-
sisted of an H-flume with maximum discharge capacities of 0.12 
and 0.86 m3 s−1, respectively. The Ermida station also included a 
second, cut-throat flume with a maximum discharge capacity of 
1.11 m3 s−1, but peak discharges never exceeded the maximum 
capacity of the H-flume (Keizer et al. 2015; Basso et al. 2022b). 
The Ermida station was set up on September 18th 2010, before 
the occurrence of post-fire rainfall, equipped with a Campbell 
CR1000 data logger and one pressure water level sensor in each 
flume. The Serra de Cima station was re-installed on August 
20th, 2016, also before the occurrence of post-fire rainfall, and 
equipped with a Campbell Scientific CS451 pressure water level 
sensor connected to a Campbell CR1000 datalogger. Both sta-
tions included a 24-bottle automatic ISCO 3700 sampler which 
was triggered by the data logger to collect water samples in the 
flume during runoff events. For each station, a series of 12 suc-
cessive triggers were defined, ranging from the station's base-
flow to its maximum discharge capacity. This approach ensured 
that the 24 samples would capture the peak of the event, with 
samples equally distributed between the rising and falling limbs 
of the hydrograph. To avoid collecting samples in response to 
minor fluctuations in flow, a minimum pause of 5 min was en-
abled between triggers. The samples were collected during 1- to 
2-weekly fieldtrips, and their total suspended solids (TSS) con-
tents analyzed in the laboratory through filtration of 50 mL of 
water by a glass fiber filter, followed by drying until constant 
weight at 105°C (APHA  1998). Because of WEPPcloud—EU's 
daily modeling step, a regression analysis was performed to es-
tablish the relationship between observed flow and TSS discrete 
values, which was then used to obtain continuous TSS data. The 
predicted TSS values were subsequently summed to calculate 
the total daily TSS yield (kg day−1) for comparison with model 
outputs. This was done for a total of 16 days in the case of the 
Ermida catchment and for a total of 6 days in the case of the 
Serra de Cima catchment (Table S1).

The precipitation in the Ermida catchment was measured using 
two tipping-bucket rainfall gauges (Pronamic Professional Rain 
Gauge with 0.2 mm resolution), while in the Serra de Cima pre-
cipitation data were obtained by four automatic rainfall gauges: 
two located on top of the catchment, one in the hamlet of Serra 
de Cima (40.609°, −8.322°), and another at the Pousada meteo-
rological station (40.615°, −8.316°, 425 m above m.s.l.). Data on 
wind speed and direction, air temperature and dew point tem-
perature were compiled from the Barragem de Castelo Burgães 
meteorological station (40.853°, −8.379°) for the Ermida and 
from the Pousada meteorological station for the Serra de Cima. 
Solar radiation data were obtained from the CAMS radiation 
service for both catchments (Granier et al. 2019).

2.3   |   Disturbed WEPP Model and WEPPcloud

The WEPP is a process-based model initially developed to 
simulate the hydrological and erosion response at the scale of 
hillslopes up to small catchments (Flanagan and Nearing 1995). 
The incorporation of channel routing methods has extended 
the applicability of the model to larger watersheds (Elliot 2013). 
WEPP models hydrological and erosive processes for each 

hillslope and channel segment, subsequently routing flow and 
sediment through channels to the watershed outlet (Brooks 
et al. 2016). The surface hydrology components include evapo-
transpiration, infiltration, saturation-excess runoff, depression 
storage and peak discharge. Evapotranspiration is simulated 
using the FAO Penman–Monteith–IN method, where actual 
evapotranspiration is computed from potential evapotranspira-
tion of a grass reference crop based on vegetation growth and 
environmental conditions (Allen 2000). Infiltration-excess run-
off is simulated using the modified Green-Ampt-Mein-Larson 
equation (Mein and Larson 1973), while overland flow and peak 
discharge are computed using the modified kinematic wave 
equation (Flanagan and Nearing 1995; Lew et al. 2022). Lateral 
subsurface flow from hillslopes into channels is calculated 
using Darcy's law, while potential evapotranspiration is esti-
mated using the Penman equation. Channel flow routing can be 
simulated using the Kinematic Wave, Muskingum-Cunge and 
Muskingum-Cunge variable options (Wang et al. 2010).

Soil erosion at hillslope scale is simulated from the detachment 
and delivery by raindrop impacts and shallow sheet flow in 
slope sections with interrill erosion and from soil detachment, 
transport and deposition in slope sections with rill erosion 
(Flanagan and Nearing  1995). Soil detachment in rills is sim-
ulated to occur when the hydraulic shear stress of the flow ex-
ceeds the critical shear stress of the soil or when sediment load 
is less than sediment transport capacity, the latter being calcu-
lated using a modified Yalin equation (Foster and Meyer 1972; 
Yalin 1963). Channel erosion routine is similar to what is com-
puted for rill erosion on the hillslope, except that flow is consid-
ered spatially varied. Channel detachment is simulated to occur 
from the bottom of the channel until the non-erodible layer has 
been reached, after which the channel begins to widen. The ero-
sion rate is simulated to decrease with time until the flow is too 
shallow to cause detachment. Model input data files are catego-
rized by mediums (climate, soil, land management, channel and 
groundwater) and allow easy and comprehensive access to the 
files and the parameters. The WEPP model generates daily out-
puts for each watershed element, including hillslopes/overland 
flow elements and channels (Flanagan and Livingston  1995; 
Lew et  al.  2022). Specifically, the model provides daily values 
for each element related to plant growth (above- and below-
ground live biomass, canopy cover, height, leaf area index and 
root depth), as well as surface and submerged residue. The water 
balance components include precipitation (rain and snowmelt), 
soil evaporation, plant transpiration, surface runoff, subsurface 
lateral flow, deep percolation, soil and frozen water content and 
snow-water equivalent. Soil erosion and sediment characteris-
tics are reported for individual storm events.

The WEPP model has an online interface called ‘WEPPcloud—
Disturbed’ adapted for forest applications with an additional 
ability to simulate baseflow (Lew et al. 2022). The online version 
allows users to predict post-fire streamflow and erosion, by up-
loading a burn severity map as model input (Dobre et al. 2022). 
Wildfire impacts on vegetation and soils are parameterized from 
a ‘disturbed’ database, considering pre-fire land use and surface 
soil texture and soil burn severity. To parameterize the local 
conditions of the area, WEPPcloud—Disturbed relies on pub-
licly available databases (Table 1 for Europe), being supported 
in United States, Europe and Australia. The online version 
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allows the user to select their climate from different climate da-
tabases or generate it from the closest meteorological stations to 
the study area available in the interface by using the CLIGEN 
weather generator (Meyer 2011). In this study, the ‘User Defined 
Climate’ option was used, which allows user to upload their cli-
mate file built from local meteorological weather stations.

2.4   |   WEPPcloud—EU Disturbed Parameterization

In the default post-fire soil file (Lew et  al.  2022) created by 
WEPPcloud—EU for the Ermida and Serra de Cima catchments, 
several parameters were found to be 0 (Table  S2). This occur-
rence was presumed to be a result of incomplete information in 
the European Soil Data Centre database (Table 1). To locally pa-
rameterize the model to the watershed of interest, the simulation 
design was downloaded using the wepp-win-bootstrap utility 
tool (https://​github.​com/​roger​lew/​weppp​y-​win-​boots​trap; ac-
cessed 15 Jun 2024) to refine parameters based on field-sampled 
soil data (Table  2). Portuguese mountain soils are typically 
shallow, especially due to the weather conditions and the steep 
slopes that characterize a large portion of the Portuguese moun-
tainous territory, which does not favour the formation of deep 
soils (Pereira and FitzPatrick  1995). Cambisols—the predomi-
nant soil type of both watersheds—are defined as poorly devel-
oped soils, with a maximum depth between 500 and 1000 mm 
(IUSS Working Group WRB  2022). Based on this information 
and field measurements in the Serra de Cima catchment (Boulet 
et al. 2015), the depth of the first and second soil layers was set to 
250 and 500 mm, respectively, for both catchments. Bulk density 
in Ermida was set to 0.98 and 1.20 g cm−3 for the first and second 
layers, respectively, based on the auto-calibrated value obtained 

from this watershed by Basso et al. (2022b) (0.98 g cm−3) and the 
range 0.71–1.2 g cm−3 measured in the field (Ferreira et al. 2016; 
Prats et al. 2016; Serpa et al. 2020). Unpublished bulk density 
data for the Serra de Cima catchment were collected in the field 
for the first layer, ranging between 0.75 and 1.20 g cm−3, varying 
with vegetation type before the fire and soil type. The missing 
values in the second layer were replaced with the value of the 
nearest slope located in the same soil type. To account for the 
fire impact on the vegetation, the model directly parameterizes 
different coefficients. However, the maximum leaf area index 
was manually modified according to the burn severity (2—high, 
3—moderate, 4—low) to simulate the reduced transpiration.

2.5   |   WEPPcloud—EU Disturbed Calibration

WEPPcloud—EU Disturbed was calibrated at the catchment 
outlet at a daily time step for simulating streamflow of both 
catchments. A 1-year calibration period for the Serra de Cima 
catchment was selected starting on the day of the fire (August 
20th, 2016). A shorter calibration period was available for the 
Ermida catchment (September 18th, 2010) and the creation 
of terraces within the catchment area, which alter the hydro-
logical response (March 1st, 2011) (Basso et al. 2022b; Coelho 
et al. 1995). During the simulated year, the flow from the spring 
was found to be constant, and the value of 2.94 mm day−1 was 
assigned based on the minimum discharge observed at the end 
of the dry period. The model considered the spring an external 
water input and could not accurately simulate its presence with 
the current model structure. To avoid erroneous model cali-
bration, as well as reduce the problem of equifinality, this con-
stant value was omitted from the total streamflow. Calibration 

TABLE 1    |    Public database used in WEPPcloud—EU Disturbed for the European interface.

Input Dataset Resolution

DTM EU-DEM v1.1 (EEA 2021) 30 m

Soil European Soil Data Centre (ESDAC 
2018; Ballabio et al. 2016)

1000 m

Land use Corine Land Cover (European 
Environmental Agency (EEA) 2018)

100 m

Climate User generated climate built with 
WEPPCLIFF tool (McGehee et al. 2020)

Precipitation—hourly, remaining 
parameters—daily

Soil burn severity User map (.img or .tif) 10–30 m

TABLE 2    |    Local parameterization of WEPPcloud-EU soil file for the Ermida and Serra de Cima catchments.

Ermida catchment Serra de Cima catchment

Value References Value References

Bulk density (g cm−3) 0.98 Basso et al. (2022b) 0.75–1.20 Field data

Sand (%) 61 Ferreira et al. (2016) 21 Boulet et al. (2021) and Boulet et al. (2015)

Clay (%) 14 Ferreira et al. (2016) 23 Boulet et al. (2021) and Boulet et al. (2015)

OM (%) 10 Prats et al. (2016) 13 Boulet et al. (2021) and Boulet et al. (2015)

Rock (%) 55 Prats et al. (2016) 10–60 Field data, Boulet et al. (2021) and Boulet et al. (2015)
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of total suspended sediments was done considering the model 
output corresponding to the date on which the analytical sam-
ple was obtained. To mitigate bias related to model instability, a 
warm-up period of 2 years was considered.

Before the calibration, a local sensitivity analysis was performed 
to assess the impacts of small changes in the values of key input 
parameters on the model predictions for daily streamflow and 
daily suspended sediment yield. The input parameters analyzed 
in the sensitivity analysis for streamflow were those param-
eterized for local conditions, except for soil texture and those 
used for calibration (Figure  2). The analysis was performed 
using the sensFUN function included in the FME package in 
R (R Core Team  2021; Soetaert and Petzoldt  2010). The anal-
ysis included soil and groundwater parameters for which the 
value was not measured in the field. Bulk density was included 
due to its significant spatiotemporal variability (Alletto and 
Coquet 2009; Mzuku et al. 2005; Wang et al. 2014) and its sen-
sitivity to wildfire conditions (Ebel and Moody  2020; Moody 
et al. 2016). Additionally, soil depth was considered since lim-
ited field depths were measured in a portion of the watershed, 
emphasizing the need to understand its influence on the hy-
drologic response. The sensitivity analysis of the model results 
for the total suspended sediments was based on three key input 
parameters that determine the erosion response at the hillslope: 
critical shear stress, rill and interrill erodibility.

The calibration procedure was based on an autocalibration 
performed using the modFit function of the FME package in 
R (R Core Team 2021; Soetaert and Petzoldt 2010). The func-
tion runs 1000 simulations by changing the parameter values 
inside a pre-defined range, providing the best prediction for 
the watershed response based on NSE. The autocalibration of 
daily streamflow was based on the following soil parameters: 
effective hydraulic conductivity, anisotropy and saturated hy-
draulic conductivity of the bedrock. Effective hydraulic con-
ductivity adjustment to post-fire conditions is frequently used 
(Beeson et  al.  2001; Chen et  al.  2013; Semenova et  al.  2015; 
Thomas et al. 2021; Vieira et al. 2022; Wu, Nunes, et al. 2021; 
Wu, Baartman, et al. 2021) to simulate the increase in surface 

runoff usually observed in burned areas (Neary et  al.  2003; 
Robichaud  2000; Shakesby and Doerr  2006). Anisotropy was 
also included in the calibration since the value provided by 
WEPPcloud-EU is not based on the European soil database 
and the parameter is important for simulating subsurface lat-
eral flow. Finally, the calibration of Ermida catchment also in-
cluded the baseflow coefficient (per day), due to the sensitivity 
of the simulation to this parameter.

The calibration of the suspended sediment yield was based on 
the calibrated hydrological response and the critical shear stress 
erodibility parameters for the hillslopes together with the rill 
and interrill erodibility. The critical shear stress at the hillslope 
scale was parameterized to calibrate the threshold at which the 
rill detachment occurs. The rill and interrill erodibility were cal-
ibrated to simulate the sediments generated by splash and over-
land flow erosion.

Uncertainty analysis was performed for streamflow and sus-
pended sediment yield predictions using the Markov Chain 
Monte Carlo method (MCMC) with the modMCMC func-
tion of the FME package (R Core Team  2021; Soetaert and 
Petzoldt 2010). A set of 1000 simulations was run using a random 
selection of the calibrated parameters from a range of values.

3   |   Results

3.1   |   WEPPcloud—EU Disturbed Streamflow 
Predictions

3.1.1   |   Ermida Catchment

The results of WEPPcloud—EU Disturbed simulation 
using the default configuration showed that WEPPcloud—
EU missed several peak flow events during the first year 
(Figure  S1). The available European databases in the 
WEPPcloud—EU were missing soil texture, organic mat-
ter, rock content and bulk density values for the second soil 
layer, affecting the correct representation of the hydrological 

FIGURE 2    |    Local sensitivity for the streamflow in the Ermida and Serra de Cima catchment. 1 and 2 indicate the values for each soil layer.

 10991085, 2025, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hyp.70182, W

iley O
nline L

ibrary on [20/05/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7 of 17

response. This incorrect parameterization of the model likely 
explained the underestimation of the streamflow, with a pre-
dicted average of 3.3 ± 2.4 mm day−1 compared to the observed 
6.9 ± 2.8 mm day−1, resulting in unsatisfactory performance 
(Table 4).

The local sensitivity analysis revealed that the daily stream-
flow in the Ermida catchment was mainly sensitive to bulk 
density, wilting point and effective hydraulic conductivity of 
the first layer (Figure 2). After the autocalibration (Table 3), 
the predicted streamflow average was 6.3 ± 3.1 mm day−1, re-
sulting in an overall satisfactory WEPPcloud—EU Disturbed 
performance in terms of R2 and NSE, and good for PBIAS 

(Table  4). Calibrated values for saturated hydraulic conduc-
tivity (5 mm h−1) and anisotropy (50) were constant in the soil 
profile (Table 3). The saturated hydraulic conductivity for the 
bedrock was 0.43 mm h−1, while the baseflow coefficient was 
0.018. Negligible variation was observed in the predicted daily 
streamflow, with an average streamflow of 14.2 ± 1.3 mm day−1 
during rainfall events (coefficient of variation of 9%), and 
6.2 ± 0.4 mm day−1 (coefficient of variation of 7%) during dry 
periods (Figure 3). From the WEPPcloud—EU analysis of the 
water balance in Ermida catchment, referring to the Fall and 
the Winter after the fire, it has been determined that 29% of 
precipitation during the simulation period was lost through 
evapotranspiration (13% through transpiration and 16% 

FIGURE 3    |    WEPPcloud—EU calibrated prediction of the streamflow at Ermida catchment outlet.

TABLE 3    |    WEPPcloud—EU calibrated parameters.

Ermida Serra de Cima

Layer 1
Layer 

2
Autocalibration 

range Layer 1 Layer 2
Autocalibration 

range

Hydrological 
parameters

Saturated 
hydraulic 

conductivity 
(mm h−1)

5 5 0–200 30–60 5 0–100a

Anisotropy (−) 50 50 0.1–10a 10 10 0.1–10a

Saturated 
hydraulic 

conductivity of 
bedrock (mm h−1)

0.43 0.005–0.5 0.005 0.005–0.5

Baseflow 
coefficient (−)

0.018 0.001–0.1 0.04b —

Erosion 
parameters

Critical shear 
stress (Pa)

0.5 0.5–10 0.6–1.2 0.1–1a

Rill erodibility 8e-05b 0.1–10a 8e-05–1e-03 0.1–10a

Interrill 
erodibility

1e06b 0.1–10a 4e05–1e06b 0.1–10a

aMultiplier.
bDefault value from WEPPcloud—EU Disturbed.
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evaporation) and 55% through deep percolation. Streamflow 
consisted mainly of baseflow, which accounts for 45% of the 
total volume. Surface runoff contribution to the streamflow 
was minor (4%), with the upper subbasins contributing the 
most to the predicted runoff at the outlet.

3.1.2   |   Serra de Cima Catchment

The simulation run using the default WEPPcloud—EU 
Disturbed configuration underestimated the runoff peaks 
during the first year after the fire (Figure S3). Similar to the 
Ermida catchment, the lack of complete soil information for 
different hillslopes likely affected the response of the water-
shed simulated by the model. The incorrect bulk density value 
of zero for several hillslopes caused the model to predict low 
to no measurable overland flow during rainfall events, ex-
plaining the behaviour of the predicted hydrological response 
(Figure S3). The underprediction of runoff peaks is reflected 
in the standard deviation value in the predicted streamflow 
(1.8 ± 1.3 mm day−1) compared to the observed streamflow 
(1.8 ± 2.7 mm day−1), leading to poor model performance in 
terms of R2 and NSE (Table 4).

The local sensitivity analysis for the hydrological response in 
the Serra de Cima catchment revealed a large sensitivity to the 
wilting point for the upper layer, followed by the bulk density 
and the field capacity for both layers (Figure 2). The soil depth 
of the second layer appeared to be a sensitive parameter, while 
the sensitivity to the baseflow coefficient and the saturated hy-
draulic conductivity of the restrictive layer were not particularly 
important.

After autocalibration (Table  3), WEPPcloud-EU Disturbed 
predictions of streamflow improved (1.9 ± 2.3 mm day−1), re-
vealing satisfactory model performance in terms of R2, NSE 
and PBIAS (Table 4). Calibrated saturated hydraulic conduc-
tivity (mm h−1) was higher in the first soil layer (30–60 mm h−1) 
than in the second layer (5 mm h−1), while anisotropy val-
ues were constant through the soil profile (10) (Table  3). 
Saturated hydraulic conductivity of bedrock was calibrated at 

0.005 mm h−1, while the baseflow coefficient did not change 
from the default value (0.04).

The lower variations in simulated streamflow from the un-
certainty analysis (coefficient of variation of 13%) revealed 
overall consistent simulation results (Figure 4), probably due 
to the lower sensitivity of the model results to the values used 
for calibration. The water balance analysis in the Serra de 
Cima catchment simulated by WEPPcloud—EU showed that 
26% of the precipitation during the simulation period is lost in 
evapotranspiration (13% through transpiration and 13% evap-
oration), while 4% accounts for deep percolation. Lateral flow 
accounts for 54% of the streamflow, while surface runoff and 
baseflow represented 11% and 5% of the total volume, respec-
tively. The spatial distribution of total runoff in the Serra de 
Cima watershed appeared homogeneous, with a lower contri-
bution from sub-catchments with lower soil burn severity or 
small areas.

3.2   |   WEPPcloud—EU Disturbed Suspended 
Sediment Yield Predictions

3.2.1   |   Ermida Catchment

WEPPcloud—EU Disturbed results, using the default config-
uration, underpredicted suspended sediment yield, especially 
during rain events (Figure S2). The underprediction of stream-
flow is probably the main reason for the underestimation of the 
average predicted sediment yield (0.5 ± 0.3 kg ha−1 day−1), com-
pared to the observed (11.7 ± 19.6 kg ha−1 day−1), resulting in 
poor model performance (Table 4).

Local sensitivity analysis revealed a higher sensitivity of the 
total suspended sediments to the critical shear stress (0.5 Pa) 
(Figure  5), while the other parameter remained unchanged 
from the default values (Table  3). The autocalibration of the 
parameters specific to the erosion response improved model 
performance, obtaining a good agreement with observed data, 
with predicted average of 8.2 ± 19.5 kg ha−1 day−1 (Table  4). 
Uncertainty analysis showed a good fit of model prediction, 

TABLE 4    |    WEPPcloud—EU Disturbed performance statistics.

R2 NSE PBIAS

Ermida

WEPPcloud-EU Streamflow 0.2 −1.08 10.60

Suspended sediment yield 0.002 −0.33 95.38

WEPPcloud-EU calibrated Streamflow 0.57 0.47 5.20

Suspended sediment yield 0.81 0.72 −22.62

Serra de Cima

WEPPcloud-EU Streamflow 0.07 0.01 0.28

Suspended sediment yield 0.09 −0.24 95.14

WEPPcloud-EU calibrated Streamflow 0.73 0.68 −32.38

Suspended sediment yield 0.99 0.89 24.04
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FIGURE 4    |    WEPPcloud—EU calibrated prediction of the streamflow at Serra de Cima catchment outlet.

FIGURE 5    |    Local sensitivity for the sediment yield for Ermida and SDC catchment.

FIGURE 6    |    WEPPcloud—EU calibrated prediction of the sediment yield at Ermida catchment.
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with detectable uncertainty at the events that generate runoff 
(Figure 6—event 5, 11).

3.2.2   |   Serra de Cima Catchment

The results of the default configuration of WEPPcloud—EU 
Disturbed underestimated the suspended sediments at the outlet 
for the Serra de Cima catchment (Figure S4), especially for the larg-
est rainfall event (November 20th, 2016—53.2 mm day−1). Similar 
to the Ermida catchment, the underprediction of the streamflow is 
likely the reason for the poor performance of the model (Table 4). 
Predicted sediment yield average was 1.4 ± 0.8 kg ha−1 day−1, while 
observed average was 28.5 ± 56.7 kg ha−1 day−1. The local sensitiv-
ity for the suspended sediment yield at the outlet of the Serra de 
Cima catchment revealed a higher sensitivity to the hillslope crit-
ical shear stress (0.6–1.2 Pa) and the rill erodibility (8e-05–1e-03) 
(Figure 5). The autocalibration (Table 3) improved model perfor-
mance, with predicted average of 35.4 ± 73.9 kg ha−1 day−1, obtain-
ing very good statistics in terms of R2 and NSE respectively (Table 4). 
A higher uncertainty was observed in correspondence to the two 
largest rainfall/runoff events (Figure 7, event 1, 53.2 mm day−1—
November 20th, 2016, and event 4, 17.6 mm day−1—December 
15th, 2016).

4   |   Discussion

4.1   |   Calibration and Model Performance 
of WEPPcloud—EU Disturbed

The default configuration of WEPPcloud—EU Disturbed unpre-
dicted streamflow and total suspended sediments at the catchment 
outlet for both watersheds. The main limitation of the online tool 
seemed to be the coarser resolution of the soil database used for 
characterizing soil parameters. The 1000 m resolution ESDAC soil 
database (Table 1) likely led to incorrect parameterization of the 
catchment characteristics, as the database was not representative 
of local conditions. For example, although the default soil layers 
were set at 1200 and 1500 mm for both watersheds, it was deter-
mined that the soils were shallower in the area (Boulet et al. 2015; 

IUSS Working Group WRB 2022). As observed in the sensitivity 
analysis for the streamflow (Figure  2), especially for the Serra 
de Cima catchment, simulation results were highly sensitive to 
soil depth and available water storage, emphasizing the critical 
importance of accurate parameterization. The auto-calibrated 
effective hydraulic conductivity values of the first soil layer for 
both watersheds were of the same order of magnitude as the de-
fault values of WEPPcloud—EU Disturbed and as those calibrated 
and measured in other burned areas (Basso et al. 2024; Ebel and 
Martin  2017; Moussoulis et  al.  2015; Pradhan and Floyd  2021; 
Rengers et  al.  2016). The values for the second layers were two 
orders of magnitude lower than the default ones, likely reflecting 
the transition to a restrictive layer underneath. This restrictive 
layer could be due to prior management activities in the area, as 
soils in eucalyptus plantations are highly water repellent (Doerr 
and Thomas  2000; Keizer et  al.  2005). Research indicated that 
eucalyptus plantation soils were equally water repellent from the 
surface to 30 cm depth (Doerr et al. 1996), probably aided by the 
rip-ploughing of the soil before planting (Shakesby et al. 1994). The 
calibrated value of schists bedrock hydraulic conductivity for both 
watersheds was typical for this type of bedrock (APHA 1998).

Baseflow played a major role in the streamflow for the Ermida 
catchment, reflected in the calibrated baseflow coefficient of the 
groundwater parameters (Table 3). Streamflow in the Serra de 
Cima catchment, on the other hand, consisted mostly of lateral 
flow as observed by field measurements (Boulet et  al.  2015), 
increasing the sensitivity of modeled results to anisotropy 
(Figure  2). The higher sensitivity of wilting points and field 
capacity coefficients in the Serra de Cima catchment was also 
likely related to the importance of available soil water storage 
and water release through lateral flow.

The calibrated value for the hillslope soil critical shear stress for 
both catchments (Table 3) was found to be lower than that used in 
other WEPP applications (Dobre et al. 2022; Srivastava et al. 2018). 
Although lower than the values suggested by WEPPcloud-EU 
Disturbed and the values generally used by other authors, a critical 
shear stress of 0.5 N m−2 can be found in different types of soils 
(Elliot  1990) and can be reached at temperatures > 275°C after 
fire, regardless of soil type (Moody et al. 2005). In addition, the 

FIGURE 7    |    WEPPcloud—EU calibrated prediction of the sediment yield at Serra de Cima catchment.
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observed suspended sediment yield did not distinguish between 
ash and soil particles, potentially influencing the auto-calibrated 
critical shear stress value. This value may have reflected the pres-
ence of a highly loose and easily transported ash material along 
with the sediment. The higher sensitivity in both catchments to 
rill erodibility compared to interrill erodibility was due to a com-
pensative process between the contributions. This resulted in low 
sensitivity to interrill erodibility when rill erosion is active and 
dominates the hillslope erosion process (Nearing et al. 1990).

In comparison to other WEPPcloud applications, the model 
performance for both catchments was consistent with other 
studies simulating streamflow and suspended sediment yield at 
catchment outlets (Brooks et  al.  2016; Dobre et  al.  2022; East 
et al. 2024; Srivastava et al. 2018).

4.1.1   |   Calibration and Model Performance 
for Ermida Catchment

After model parameterization and calibration in Ermida 
catchment, performance in simulating daily streamflow in-
creased compared to the default WEPPcloud—EU Disturbed 
configuration. Compared with the results obtained from the 
Soil and Water Assessment Tool (SWAT) modeling exercise 
by Basso et al.  (2022b) for streamflow in the same watershed, 
WEPPcloud—EU Disturbed did not perform as well. However, 
in this study, the number of calibrated parameters was inten-
tionally minimized to test the ability of WEPPcloud—EU 
Disturbed to simulate daily streamflow. Although this caused 
a small decrease in the performance of WEPPcloud—EU 
Disturbed, it increased the possibility of model applications to 
ungauged watersheds with minimum calibration. The higher 
uncertainty during the recession highlighted the importance of 
a corrected simulation of the baseflow dynamics in this water-
shed. Baseflow was best simulated using the non-linear reser-
voir theory, as opposed to the linear reservoir assumption used 
in WEPPcloud—EU Disturbed (Sánchez-Murillo et  al.  2015; 
Srivastava et al. 2013). This could have affected the final perfor-
mance of the model. In addition, not including the spring in the 
model could have resulted in an inaccurate calibration, since its 
flow, which is influenced by rainfall, could play a critical role 
in shaping the hydrograph. The decision to consider the spring 
flow constant limited the model calibration to the simulated pe-
riod, as the flow was sensitive to rainfall during the wet season. 
To extend the simulation to a longer period, an accurate analysis 
of the fluctuation of the spring flow due to the rainfall would be 
required.

Nevertheless, WEPPcloud—EU Disturbed was successful in 
simulating daily streamflow patterns. While successful in pre-
dicting the general trend, it slightly underestimated the base-
flow during the initial dry period and did not predict the first 
runoff peaks of two events (Figure 3). Observed data in Figure 3 
showed a higher sensitivity of the watershed response to rain 
events compared to what was simulated, as can be observed 
during the February 10th 2010 and January 7th 2011 events. 
Regarding total suspended sediments prediction at Ermida 
catchment outlet, good model performance was obtained after 
calibration. Compared with the SWAT application by Basso 
et  al.  (2022b), WEPPcloud—EU better predicted suspended 

sediment yield. The model accurately predicted sediment yield 
corresponding to most sample events (Figure 6). However, occa-
sional underprediction occurred, mainly due to the omission of 
the spring flow and the underprediction of streamflow on spe-
cific dates.

4.1.2   |   Calibration and Model Performance for Serra de 
Cima Catchment

Model parameterization and calibration of the Serra de Cima 
catchment resulted in satisfactory daily streamflow prediction. 
The model performance was similar to another modeling exer-
cise in the same catchment run using OpenLISEM and MOHID 
Land models (Basso et  al.  2024). WEPPcloud—EU Disturbed 
was able to simulate the peak flow and the baseflow in the sec-
ond part of the hydrograph, but it slightly overpredicted the 
trend during the first part (Figure 4). The rainfall event during 
January 2017 could have biassed the calibration of the model. 
The uniqueness of the January 2017 rainfall event was also ob-
served by Basso et al.  (2022b), wherein the model was unable 
to simulate the streamflow increase due to its calibration being 
based on a period characterized by lower rainfall. The tempo-
rally constant parameterization of the model could be the reason 
WEPPcloud—EU better predicted a portion of the hydrograph. 
A time-constant parameterization of a model did not correctly 
incorporate soil properties that were affected by weather 
conditions (Baartman et  al.  2012; Basso et  al.  2022b; Boulet 
et al. 2015; Doerr and Thomas 2000; Ferreira et al. 2000; Malvar 
et al. 2016; Santos et al. 2016) and time-since-fire in the case of a 
burned area (Canfield et al. 2005; Ebel and Martin 2017; Vieira 
et al. 2022).

Model performance in predicting suspended sediment yield in-
creased after model calibration, resulting in correct estimates 
of total suspended sediment transported during high-intensity 
rainfall events. Although the model slightly underpredicted 
suspended sediment yield during heavy rainfall events, it also 
overpredicted the sediment transported during drier periods 
(Figure 7). This discrepancy could reflect the model attempt to 
account for the higher mobile ash and soil layer during heavy 
rainfall, alongside its effort to simulate the reduced sediment 
transport during the drier periods.

4.2   |   Comparison of the Post-Fire Response 
of Ermida and Serra de Cima Catchments

The Ermida and Serra de Cima catchments presented similar 
land-use and soil characteristics previous to the wildfires. The 
main differences between the two catchments were their size 
and the presence of two springs as well as two retention ponds 
in the Ermida catchment and their absence in the Serra de Cima 
catchment. Field observations and the water balance analysis 
from WEPPcloud—EU Disturbed showed the key role of the 
baseflow in the Ermida catchment. Rainfall events produced 
a negligible amount of runoff (amounting to 2% of the water 
balance), likely attenuated by the presence of two retention 
ponds upstream of the flume. The average runoff coefficient 
(0.079) during rainfall events in the Ermida catchment was 
significantly lower than the average runoff coefficient for the 
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Serra de Cima (0.199), where runoff accounted for 11% of the 
water balance. Except for the January 31st 2017 event, which 
presented a sudden increase in streamflow (81 mm day−1 rain-
fall, 16 mm day−1 runoff), the Serra de Cima catchment gen-
erally had a reduced response to rainfall events compared to 
the Ermida catchment (Figures 3 and 4). The rapid response 
to rainfall events observed in the Ermida catchment suggested 
that overland flow was initiated by infiltration exceedance, 
likely simulated through the lower effective hydraulic con-
ductivity value of the first soil layer in the Ermida than in 
the Serra de Cima catchment (Table 3). In the Serra de Cima 
catchment, the higher effective hydraulic conductivity values 
for the first layer and the generally milder watershed response 
to precipitation events indicated that overland flow was ini-
tiated by the saturation excess mechanism. The rainfall lost 
in evapotranspiration was similar for the Ermida (19%) and 
Serra de Cima (26%) catchments. Those values are similar to 
the lowest value reported by Nolan et  al.  (2014) for a damp 
eucalyptus stand following a high burned severity. Häusler 
et  al.  (2018) reported that differences in daily evapotranspi-
ration rates between unburned and moderate-to-high-severity 
burnt eucalypt stands in the study region were highest during 
the first post-fire year, ranging from 1.5 mm day−1 during early 
autumn and early spring to less than 0.5 mm day−1 in winter. 
Assuming an average decrease of 1 mm day−1 in the burned 
area, and using the annual evapotranspiration values of Boulet 
et al. (2021) for an unburnt eucalypt-dominated catchment in 
the study region, evapotranspiration estimates for the first 
year following a moderate-to-high-severity fire would range 
from 16% to 37%, with a median of 24%. The sensitivity analy-
sis of the erosive response for both catchments showed a higher 
sensitivity to the critical shear stress and the rill erodibility 
(Figure  5), presenting similar auto-calibrated values for the 
coefficients related to sediment response (Table 3). However, 
during more intense rainfall events, higher suspended sedi-
ment yields (November 20th, 2016–53.2 mm day−1 rainfall, 
155 kg ha−1 day−1) were observed at the outlet of the Serra de 
Cima compared with the Ermida catchment (December 5th, 
2010–57 mm day−1 rainfall, 33.76 kg ha−1 day−1; December 
6th—46.4 mm day−1 rainfall, 72.5 kg ha−1 day−1). The lower 
observed suspended sediment yield transported in the Ermida 
catchment could be attributed to the presence of the ponds, 
which likely disrupted the connectivity between hillslopes 
and the outlet (Keizer et al. 2015). Regarding the model pre-
diction for these two events, the lower values obtained at the 
outlet of the Ermida basin could be due to the inability of the 
model to simulate the corresponding peak. For values mea-
sured outside of rain events, Ermida presented a higher TSSs 
yield than Serra de Cima. The greater sediment transport ob-
served in the Ermida basin during dry periods, compared to 
the Serra de Cima, can be explained by the continuous flow 
from the springs, which move sediment trapped in the ponds, 
causing delayed transport (Keizer et al. 2015).

4.3   |   Optimising WEPPcloud—EU Disturbed 
for Accurate Simulations of Burned Areas in 
the Central Region of Portugal

The strength of WEPPcloud—EU Disturbed online tool lies in 
setting model inputs with a user-friendly interface. The creation 

of a simulation does not require watershed parameterization, 
as input parameters are already stored in a database readily 
accessible by the software. This feature simplifies the simula-
tion setup, enabling users to efficiently input data and initiate 
simulations.

However, from this study, a notable weakness of the current 
WEPPcloud—EU Disturbed online version was found to be 
its dependence on a lower resolution soil database, which pre-
sented limitations when trying to accurately simulate local 
watershed scales. The underprediction of the WEPPcloud—
EU Disturbed default configuration for streamflow and sus-
pended sediment yields (Figures  S1–S4), highlighted the 
importance of a proper parameterization of soil and ground-
water parameters to better reflect the local characteristics of 
individual watersheds. The use of national databases would 
already improve the quality and the resolution of input param-
eters. However, accessibility to these data is challenging due 
to data ownership and language barriers. In addition, national 
databases could provide a greater network of weather stations 
to be implemented in WEPPcloud—EU Disturbed and allow 
for a greater representation of the local weather conditions of 
the relevant area.

Another limitation of WEPPcloud—EU is that it does not 
simulate water quality constituents dynamics, such as nu-
trients cycling or contaminants mobilisation. This limits its 
applicability for comprehensive post-fire water quality assess-
ments, where prediction of dissolved and particulate nutrient 
transport is crucial to understanding potential impacts on 
downstream water supplies. A new tool integrated into the 
model, called Wildfire Ash Transport and Risk, allows the 
user to predict the potential pollutants in ash and soil (Neris 
et al. 2021). This tool will include ash transport routines from 
hillslopes into channels and predict water quality parameters 
at the watershed outlet. This model will need to be calibrated 
with observed data.

The use of a user-defined climate did not yield better results, 
highlighting the importance of correct soil parameterization. 
It was not possible to satisfactorily incorporate the presence 
of the spring in the Ermida catchment into the model, neces-
sitating its exclusion from the total streamflow. An option was 
to consider the spring as a reservoir that constantly provided 
water to the stream network. However, this approach would 
have complicated model parameterization and conflicted with 
the study's objective to minimize parameterization and calibra-
tion. Future research should aim to incorporate these features 
in WEPPcloud—EU Disturbed, as they are not uncommon and 
could alter watershed responses.

The good model performance achieved after parameteriza-
tion to local conditions coupled with autocalibration under-
scored the potential of using WEPPcloud—EU Disturbed in 
effectively simulating daily streamflow and suspended sed-
iment yield in burned areas in the European continent. In 
particular, the autocalibration, using a reduced number of 
parameters, highlighted the viability of the model not only 
for research purposes but also as a practical management 
tool. Looking ahead to a WEPPcloud—EU Disturbed use, 
future research should prioritise minimizing the number of 
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parameters needed for calibration while ensuring robust pa-
rameterization to local conditions. Given the significant role 
of soil depth in modeling hydrological processes, special em-
phasis should be placed on accurate representation of this 
variable for European soils. In addition, the online version of 
WEPPcloud—EU Disturbed databases should be regularly up-
dated with newly available data. The CLIGEN climate option 
was unrepresentative of weather conditions in large parts of 
Europe, due to the limited number of stations available in the 
interface dataset. WEPPcloud—EU Disturbed should expand 
the range of stations when they become available, while still 
keeping the simple parameterization of the model.

5   |   Conclusions

In this study, WEPPcloud—EU model was tested on two re-
cently burned catchments in Portugal to assess its applicability 
as a post-fire management tool. This modeling exercise high-
lighted the significance of incorporating national and local data-
bases into the model's default parameterization. This refinement 
of input data could lead to improved model performance even 
before calibration, as the improved parameterization to local 
conditions could reduce discrepancies between the uncalibrated 
and calibrated simulation. As experienced with the model pa-
rameterization for the Ermida watershed, local knowledge of 
the presence of the spring and ponds helped reduce equifinality 
during calibration, a challenging issue in modelling when field 
conditions are unknown. The main findings of this study fur-
ther emphasize the value of locally informed input data:

	 i.	 WEPPcloud—EU default simulations in the online inter-
face, which lacked local input data, underestimated the 
daily streamflow and suspended sediment yield at the out-
let of both catchments.

	 ii.	 Catchment-specific parameterization combined with 
autocalibration markedly improved the performance of 
WEPPcloud—EU, resulting in satisfactory prediction of 
both daily streamflow and suspended sediment yield at the 
outlet of both catchments.

	iii.	 Restricting autocalibration to a small number of param-
eters did not compromise the satisfactory performance 
of WEPPcloud—EU, highlighting the value of locally in-
formed parameterization.

	iv.	 The contrasting characteristics as well as diverging post-fire 
hydrological and erosion responses of the two catchments 
demonstrated the elevated potential of WEPPcloud—EU 
as a valuable tool for post-fire emergency stabilization, par-
ticularly if a local input dataset is available.
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