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Project ideas and progress



• Evaluation of land use/land cover change
(LULCC) impacts on water quality in accordance
to WFD (e.g., indicators and their spatio-temporal
trend )

• Evaluation of climate change (CC) impacts on
water quality in accordance to WFD (e.g.,
indicators and their spatio-temporal trend )

• Analysis of spatio-temporal dynamic impacts
and interaction of LULCC&CC on water quality
(e.g., addictive, synergistic, compound, etc.)

• Risk assessment and scenario analysis to assist
policy-makers in designing mitigation and
management strategies (e.g., storyline for
different desired future)
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Overall progress
• Evaluation of land use/land cover change (LULCC) on Water Quality 

=> Done. A Master's Thesis was successfully defended in October 
2024. 

• Evaluation of Climate Change (CC) on Water Quality => Complete 
the conceptual model, Positive evaluation of the 1st year PhD of Olinda 
Rufo

• Dessiminate the results in different conferences across Europe, 
China, and the USA. 



Application on Land Use/ Land cover 
Change and Surface Water Quality 



Objectives Of The Study

LU & LULCC Analysis

• LULCC between 1990 and 2018 in Italy.

• Baseline for future LULC projections and policy 

recommendations.

• High-resolution LULC maps for SSP-RCP scenarios

LULC Influence On SWES

• Influence of upstream LULC on downstream water

quality.

• Likelihood of achieving a good SWES under different

future SSP-RCP scenarios.
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Case Study Area
Location

47°50'29" N to 35°47'00" N
Lat.

6°32'05" E to 18°31'01" E Lon.

Coastline

7,375.3 km

Total area

302,073 km2
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Land Cover (CORINE)

Spat. Domain: Europe
Spat. Res.: 100 m * 100 m
Time Frame: 1990 – 2018

Format: Vector/Raster1
Water Quality WFD
(ISPRA)

Spat. Domain: Italy
Spat. Res.: – – –
Time Frame: 2010 – 2016
Format: Vector/Raster
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Watershed (HydroSHEED)

Spat. Domain: Global
Spat. Res.: 15 arc-second
Time Frame: – – –
Format: Shapefile 5

Watershed (GISCO)

Spat. Domain: Europe
Spat. Res.: 1 arc-second
Time Frame: – – –
Format: Shapefile 4

River Network (GISCO)

Spat. Domain: Europe
Spat. Res.: 1 arc-second

Time Frame: – – –
Format: Shapefile3

LULC projections (Chen, 

2022)

Spat. Domain: Global
Spat. Res.: 1 km * 1 km

Time Frame: 2015 –2100
Format: Raster

2

Case Study Data

Unravelling the 

Interplay Between 

Land Use Change 

and Surface Water 

Quality in Italian 

Watersheds



Surface Water Ecological Status
Water Frame Directive 

High Status: Near-natural, undisturbed conditions. Physio-chemical

elements within pristine ranges.

Full ecosystem functionality

Good Status: Some deviation from undisturbed conditions, physio-chemical

elements still support ecosystem health. Nutrient levels higher than in pristine

conditions.

Ecosystem remains functional

Moderate Status: Clear anthropogenic influence. While physio-chemical

conditions support ecosystem functioning, they reflect more disturbance.

Suboptimal ecosystem health

Poor Status: Significant alterations from natural conditions. Physio-chemical

elements are outside the ranges necessary for a healthy ecosystem.

Ecosystem degradation

Bad Status: Physio-chemical elements are at extreme, unnatural levels.

Ecosystem collapse and a near-total loss of biodiversity and ecological function
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1. CORINE Land Cover
Standardized framework for LULC analysis across Europe

Nomenclature:

• Level 1: 5 broad-level categories

• Level 2: 15 sub-level categories

• Level 3: 44 detailed thematic classes

2. ESA Climate Change Initiative (CCI)
Land use framework of the European Space Agency, used by Chen et al. (2022)

Nomenclature:

• 22 thematic classes

→ Harmonization: 7 macro-categories
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Results - Land Use Land Cover Change Analysis
“Analysis of variations in how land is utilized or covered by different human or natural activities over time, aimed at

understanding the ecological, socio-economic, and environmental dynamics affecting the landscape.”

Accumulated Changes Map

Frequency and intensity of land cover transitions at the pixel level

→ number of changes each pixel experienced (a)

→ number of  pixel changes per watershed (b)

Net/Gross Changes

→ Gross Gains (GG): total area added to a category

→ Gross Losses (GL): total area subtracted from a category

→ Net Change (NC): difference between GG and GL

Intensity Analysis – Category level

How size and intensity of GG and GL in each  category vary 

across categories for each time interval

Sankey Land

Net flow of LU area transitions between different  LULC

categories

1990 2000 2006 2012 2018



Results - Principal Component Analysis
Reduces dataset dimensionality while retaining the most significant variability.

→ Principal Component (PC): linear combination of the original variables



Results - Regression Model and SWES Predictions
Binary Logistic Regression (BLR)

Measured 2018 (c):

• 28.31% 'good' SWES

• 38.89% ‘not-good’ 

SWES

• 32.81% Unknown

Predictions 2018 (b):

• 37.87% 'good' SWES

• 62.13% ‘not-god’

SWES

MC-CV: 89.54%

H&L: p-value 0.3949

Predicted Probability of GOOD SWES > 0,5 → 1 = GOOD

Predicted Probability of GOOD SWES  0,5 → 0 = NOT GOOD



Results - Water Quality Predictions for Future Scenarios
Differences In Probability Of Good Ecological Status

→ 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐺𝑜𝑜𝑑 𝑆𝑊𝐸𝑆 2018 −
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐺𝑜𝑜𝑑 𝑆𝑊𝐸𝑆 𝑆𝑆𝑃−𝑅𝐶𝑃

• Negative values indicate that the probability of achieving good ecological status in 2018 was lower compared to that calculated for

the respective SSP-RCP scenario→ INCREASE in water quality !!!

• Positive values indicate that the probability of achieving good ecological status in 2018 was higher compared to that calculated for

the respective SSP-RCP scenario→ DECREASE in water quality !!!



Conclusions & Recommendations

• Upstream-Downstream Dynamics: Understanding upstream land use's influence on

downstream water quality is critical for predicting surface water ecological status.

• Conservation & Restoration: Preserving and restoring natural areas is crucial for

enhancing water quality across Italy.

• SWES Projections: In 2018, over 60% of Italian watersheds were predicted to fail in

achieving good SWES. This percentage slightly increases under future SSP2-RCP4.5 and

SSP5-RCP8.5 scenarios.

• Hotspot Identification: While significant changes are limited, the method identifies specific

hotspots of improvement or decline in water quality, guiding targeted interventions in land

use management and policy.
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Finalization of the
Manuscript on the
analysis of LULCC
& WQ to be
submitted to a
peer-reviewed
journal

Contact ISPRA to
get the data on
water quality in
2022 for a
complete analysis
with a temporal
dimension

Proceed with the
analysis of CC &
WQ

Get in touch with
Spoke 0 for the
integration of data
from the project’s
results and input
data from different
sources into the
AMELIA platform.

2What’s next?
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Conceptual Network model
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It is on the way…

We are looking for collaboration.



Thank you for your attention! 
Contact: Vuong Pham (Vuong.pham@unive.it)
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