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Background
Water Quality

Only 40% of European surface waters achieve good ecological status
despite policy interventions. (EEA, 2023; Lemm et al., 2020).

Mediterranean Vulnerability

Knowledge Gap

In intermittent rivers diffuse and point sources are critical
pressures due to the limited dilution capacity (Centanni et al., 2024).

Assessment of fate and transport of sediments, and associated
pollutants, across the land-sea interface in Mediterranean
ecosystems characterized by flashy hydrographs and complex
hydrological behaviours.

During floods, the transport of sediments and pollutants to the
sea can generate plumes which may impact coastal water bodies
(Sauvage et al., 2018).

Coastal water bodies



• To quantify spatial and temporal
patterns of sediment and
nutrient transport within an
agricultural basin;

• To identify critical source areas
contributing to pollutant loading;

• To characterize the patterns of
sediment plumes in the receiving
coastal waters bodies during a
flood event.

Objectives



Area of Taranto

Project "Actions on the Ecosystem of the Taranto 
Environmental Crisis Area“

• Action 1: Terrestrial Environment;
• Action 2: Marine Environment;
• Action 3: Air Quality;
• Action 4: Territorial Analysis and Hydrological 

Modeling of the Canale d’Aiedda basin.

Giugno 2017



• Presence of particularly ecologically important 
areas

• High animal and plant biodiversity
• Different types habitats suitable for the survival of 

animal and plant species 
• Mussel farming
• Presence of protected areas

Area of Taranto



Study Area: Canale d'Aiedda Basin

Geographical context
222 km2 basin in Puglia Region, Southern Italy
Mean Slope 2.7°, Max elevation (517m a.s.l)

Climate
Mediterranean characteristics
PCP: Average 621 mm yr-1

Agriculture 88%
Vineyards, olive groves, wheat, vegetables

Land Cover/Landuse

Two gauging stations for streamflow monitoring 
Sediment and water quality measurements
3 WWTPs discharge into the river system

Monitoring and treatment plants



Study Area: Canale d'Aiedda Basin
Characteristics of the river network

• Rectified or/and concrete covered banks

• Intermittent flow regime

• Natural WWF-protected Reserve wetland “Palude la 
Vela” part of Site of Community Importance “Mar Piccolo” 

(IT9130004)



Study Area: Gauging stations

Data logger (MDS Dipper-PT, © 2019 Seba
Hydrometrie)
Data acquisition period: August 2017 – December 2021

Two gauging stations for streamflow monitoring 



Study Area: Water quality monitoring
Suspended sediment and water quality discrete 
measurements

• 3 sampling campaing (2017-2018-2021) 
• 2 sampling sites 
• 30 sample, ± two per month 



Methodology

SWAT Modeling
Quantify sediment and nutrient transport across 
the Canale d’Aiedda basin

Sentinel-2 Remote Sensing
Assess turbidity changes using NDTI index

Integrated Analysis
Combined assessment of hydrological modeling 
and sediment plumes for a specific rainfall event



Methodology: SWAT model

SWAT watershed configurationInput data

40 Sub-watershed
271 HRUs

Continuous streamflow observed 
data.

(2017-2021)& 
Discrete observed data of 

suspended sediment, TN and TP

Land use

Soil type

Topography

Climate

Agricultural 
practices

Model calibration of Streamflow, 
suspended sediment, TN and TP

SWAT was run from 2014 to 2023 (3 
years of warm-up) and calibrated for 
streamflow, sediment, and nutrients.



• Sentinel-2 satellite imagery from Google
Earth Engine platform utilized high-
resolution multispectral data (10 m
resolution) to monitor flood-induced
turbidity changes.

• Region Of Interest (ROI) selection: the
Normalized Difference Water Index
(NDWI) was used to detect the second
inlet of Mar Piccolo at the outlet of the
d’Aiedda river.

𝑵𝑫𝑾𝑰 =
𝑮𝒓𝒆𝒆𝒏 − 𝑵𝑰𝑹

𝑮𝒓𝒆𝒆𝒏 + 𝑵𝑰𝑹

Water surface extraction. RGB image (a), NDWI mask (c)

Sentinel-2 Remote Sensing



• Flood event selection: based on optimal
cloud-free conditions (<10% over ROI),
enabling precise before/after comparative
analysis of pollutant dispersion in coastal
waters.

• Water turbidity quantification:
Normalized Difference Turbidity Index
(NDTI) - exploits increased red band
reflectance relative to green band as
turbidity rises (Lacaux et al., 2007)

𝑵𝑫𝑻𝑰 =
𝑹𝒆𝒅 − 𝑮𝒓𝒆𝒆𝒏

𝑹𝒆𝒅 + 𝑮𝒓𝒆𝒆𝒏

Sentinel-2 Remote Sensing

RGB image of the plume



Results: SWAT Model 
Key Performance Metrics

✓ Streamflow calibration: Good performance at 
gauge B (R² = 0.60, NSE = 0.58) and 
satisfactory at gauge A (R² = 0.50, NSE = 0.50)

✓ Observed daily mean flow at gauge A was 
0.034 m3s-1 (range 0.006 - 0.548 m3s-1).
Simulated daily mean flow 0.034 m3s-1 (range 
from 0.0197 to 0.582 m3s-1). 

✓ Observed daily mean flow at gauge B was 
0.049 m3s-1 (range 0.0 to 2.673 m3s-1).
Simulated daily mean flow 0.038 m3s-1 (range 
from 0.0046 to 2.808 m3s-1). 



Results: SWAT Model 

Daily simulated and observed TP, TN, and sediment gauge B (b,d,f) and gauge 
A (a,c,e)

Key Performance Metrics

✓ Sediment calibration: Excellent
agreement at both gauges with basin-
wide annual sediment load of 0.027 t ha⁻¹

✓ Nutrient calibration: Excellent TP 
calibration at gauge A, good at gauge B; 
good TN performance at gauge A, 
acceptable results at gauge B



Critical Pollution Sources Identified

1 TN Loads

~10 kg ha⁻¹y⁻¹ in northwestern agricultural subbasins

2 TP Loads

0.7 kg ha⁻¹y⁻¹ near basin outlet in vineyard areas

3 Seasonal Patterns

TN in April and October 
TP in April and June

Maximum loads during spring 
and fall rainfall events

Year 2023



NDTI analysis for the Canale d'Aiedda estuarine area

Event 10 June 2023
PCP 29.72 mm
Sed 31.43 t
TN 19.4 Kg
TP 1.43 Kg

➢ Progressive NDTI increase from
annual averages to post-flood
values.

➢ Significant turbidity increase after
flood event.

Avg.Ann.NDTI values NDTI before event NDTI after event



Turbidity pattern 

➢NDTI values >0.05 units near the 
estuarine channel (threshold to 
distinguish turbidity caused by rain 
events).

➢Highest impact zone: Southeastern 
area near d'Aiedda outlet

➢The higher turbidity observed on the 
left side of the channel outlet reflect
the influence of tidal currents on 
plume dynamics.

De Pascalis et al. 2016



• Discrete sampling for both sediment and nutrients may miss the high variability of intermittent 
streams, with more intensive storm event monitoring needed in future work.

• Sentinel-2 is obfuscated by clouds, which poses a significant challenge when tracking water 
turbidity during rainfall events under persistent cloud conditions.

• NDTI requires ground-truthing to establish quantitative relationships between index values and 
actual suspended sediment concentrations.

• Integrated monitoring approaches, combining on-site and hydrological modeling with satellite-
based turbidity assessment, provide essential insights for water quality management and 
ecosystem protection.

• Management interventions should be applied in the study area especially considering TN and TP 
critical areas.

Conclusion



Thank you for the attention

2026 SWAT Conference, 17-19 June 2026 at Aristotle University of Thessaloniki, Greece



Results: SWAT Model 
Hydrology Nutrient Sediment 

Parameter Fitted 

value A 

Fitted 

value B 

Parameter Fitted 

value A 

Fitted 

value B 

Parameter Fitted 

value A 

Fitted 

value B 

v_EVRCH.bsn 0.865 v_AI1.wwq 0.08 v_ADJ_PKR.bsn 0.622 

v_SURLAG.bsn 10.946 v_AI2.wwq 0.015 v_RSDCO.bsn 0.074 

v_TRNSRCH.bsn 0.511 v_CDN.bsn 0.25 v_SPCON.bsn 0.003 

r_CN2.mgt -0.260 0.210 v_RCN_SUB_BSN.bsn 1.8 v_SPEXP.bsn 1.499 

v_BIOMIX.mgt 0.697 0.622 v_NFIXMX.bsn 15 v_CH_COV1.rte 0.349 0.505 

v_ALPHA_BF.gw 0.004 0.294 v_N_UPDIS.bsn 90 v_CH_COV2.rte 0.456 0.266 

v_GW_DELAY.gw 333.824 42.052 v_PHOSKD.bsn 100 v_CH_ERODMO.rte 0.805 0.224 

v_GWQMN.gw 386.109 2222.123 v_PPERCO.bsn 10 v_LAT_SED.hru 10.985 3424.48 

v_REVAPMN.gw 410.453 749.154 v_NPERCO.bsn 2 r_SLSUBBSN.hru -0.080 -0.220 

v_RCHRG_DP.gw 0.103 0.853 v_PSP.bsn 0.02 v_USLE_P.mgt 0.087 0.050 

v_GW_REVAP.gw 0.171 0.181 v_SDNCO.bsn 1.1       

r_SOL_K().sol 0.080 -0.098 v_BC1_BSN.bsn 0.55       

r_SOL_AWC().sol 0.217 -0.101 v_BC2_BSN.bsn 1.1       

v_SOL_ALB().sol 0.170 0.217 v_BC3_BSN.bsn 0.21       

r_SOL_Z().sol 0.097 -0.234 v_BC4_BSN.bsn 0.355       

v_EPCO.hru 0.512 0.894 v_P_UPDIS.bsn 0.5       

v_ESCO.hru 0.256 0.692 v_FIXCO.bsn 1       

v_CANMX.hru 1.410 3.138 v_CH_ONCO_BSN.bsn 50       

v_CANMX.hru 1.260 3.368 v_CH_OPCO_BSN.bsn 50       

v_CANMX.hru 0.772 0.322 v_RCN.bsn 1       

v_CANMX.hru 0.372 2.224 v_CMN.bsn 0.001       

v_CANMX.hru   0.067 v_SOL_NO3().chm 75 55       

v_CANMX.hru   2.330 v_SOL_ORGN().chm 5 5       

v_CANMX.hru   3.287 v_SOL_ORGP().chm 5 5       

v_CANMX.hru   4.307 v_SHALLST_N.gw 75 75       

v_CH_K1.sub 107.085 29.669 v_ERORGN.hru 2.5 2.5       

v_CH_N1.sub 17.895 10.069 v_ERORGP.hru 2.5 3       

v_CH_N2.rte 6.817 0.276 v_FRT_SURFACE.mgt 0.6 0.6       

v_CH_K2.rte 0.260 43.230             

 1 

The Curve Number (CN2) and the parameters related to 
evapotranspiration, transmission losses, and infiltration to 
aquifers were the most sensitive for hydrological processes. 

The average slope length (SLSUBBSN), peak rate adjustment 
factor in the subbasin (ADJ_PKR), and the sediment routing 
parameter (SPCON and SPEXP) were the most sensitive 
parameters for sediment predictions. 

The most sensitive parameters for TN included the nitrogen 
uptake distribution parameter (N_UPDIS), the nitrate 
percolation coefficient (NPERCO), the initial NO₃ concentration 
in the soil layer (SOL_NO3), and the initial organic N 
concentration in the soil layer (SOL_ORGN). 

For TP, the key parameters were the phosphorus uptake 
distribution parameter (P_UPDIS), the phosphorus soil 
partitioning coefficient (PHOSKD), the phosphorus percolation 
coefficient (PPERCO), and the initial organic P concentration in 
the soil layer (SOL_ORGP) 
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