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Extreme precipitation, storms, and floods:
▪ Increase urban and agricultural runoff into

surface waters;
Extended droughts and dry soil conditions:
▪ Soils more susceptible to erosion
▪ Rapid transit of chemicals into groundwaters;

Increase in CO2 level:
▪ Water acidification;
Extreme temperatures:
▪ Thermal Stratification
▪ Salinity changes

Climate change is likely to affect the quantity, quality and availability of water resources in multiple 
ways (Jiménez-Cisneros et al., 2014);

Changes in structure and functioning of 
aquatic ecosystems

▪ Shifts in timing and magnitude of
phytoplanktonic blooms & consequent
effects on higher trophic levels;

▪ Loss of habitat and biodiversity;

▪ Harmful algal blooms;

▪ Hypoxic and anoxic events.

▪ Reduced ecosystem services (regulation,
provisioning, cultural, supporting);

Climate change impacts on water resources



The assessment of climate change impacts on water resources is notoriously difficult due to the
multiplicity of physical processes involved and the dynamic nature of socio-ecological systems:

▪ Multiple scale (temporal and spatial);
▪ Multiple agents or stressors (environmental, social and economic);
▪ Complex and non-linear relations and responses;
▪ High degree of uncertainty.

Predicting the conjoined impact of multiple stressors is required to support the implementation
of well targeted management strategies exploiting potential synergies between climate change
adaptation and sectorial water policies (e.g. WFD, Flood Directive, Nitrate Directive, MSFD).

Climate change impacts on water resources

Need of integrated models and approaches



ECOLOGICAL MODEL- AQUATOX Model

HYDROLOGICAL MODEL- ArcSWAT Model

Global Circulation 
Models

Regional Climate 
Models

CLIMATE CHANGE MODULE
▪ Temperature
▪ Precipitation

2. BAYESIAN NETWORKS

INTEGRATED  MULTI-RISK ASSESSMENT

Tools and methods for climate change impact assessment

3. CUMULATIVE IMPACT
INDEX

Scenario analysis

Uncertainty analysis

Testing of measures

Evaluation of synergies between
climate and anthropogenic

pressures

1. INTEGRATED MODELS APPROACH

BIOGEOCHEMICAL MODEL - Biogeochemical Flux Model (BFM)

OCEANOGRAPHIC MODEL

LAND-USE MODEL – LULC-CMCC

SOCIO-ECONOMIC MODEL

SUPPORT THE IMPLEMENTATION OF SECTORIAL AND ADAPTATION POLICIES
WFD, Flood Directive, Nitrate Directive, MSFD

Evaluation of spatial pattern and 
intensity of interactive pressures



INTEGRATING CLIMATE-HYDROLOGICAL-ECOLOGICAL MODELS: 
Development & application of an integrated modeling approach to study medium to long-term impacts of climate change on nutrient 

loadings and the consequent effects on coastal aquatic ecosystems over the 21st century.

Emission Forcing
IPCC RCP 4.5 and RCP 8.5

Global Circulation Models
▪5 EURO-CORDEX GCMs
▪CMCC-CM GCM

Bias Correction
Applied to 3 weather 

stations

Regional Climate Models
▪4 EURO-CORDEX RCMs
▪COSMO-CLM RCM

Meteorological data
Zero river, 1983-2012

AQUATOX Model
Ecosystem Dynamics and effects 
of nutrient loadings

Basin characteristics
Topography,  Land-use, Soil 
properties

Hydrological Model
ArcSWAT

Nitrogen and Phosphorus 
loadings

3. ECOSYSTEM 
MODELING

1. CLIMATE PROJECTIONS
Baseline: 1983-2012
Medium term future: 2041-2070
Long term future: 2071-2100

2. RIVER BASIN MODELING

Coupling GCMs with RCMs

Pesce at al., 2018

1. Integrated models



Zero river basin (ZRB)

Lagoon of Venice
Palude di Cona (PDC)

Zero River Basin (ZRB)

▪ Drainage area: 140 km2

- Urban areas: 24%
- Agricultural areas: 69% (corn, soy, wheat)
- Green & Pasture areas: 7%

▪ Jointly with Dese river, it delivers the greatest contribution of freshwater
and nutrients into the Lagoon of Venice

▪ Complex hydrological network: irrigation channels, emergency flow
regulation, complex groundwater recharge system

Palude di Cona (PDC)

▪ Surface: 2 km2

- Shallow waters (mean depth 0.5 m)
- Main ecological features: salt-marshes & mudflats
- Influenced by freshwater input of Zero & Dese rivers

(average salinity: 23 PSU)

www.sicab.net

CASE STUDY: The Zero river basin and Palude di Cona

1. Integrated models



Medium-term Period

2041 - 2070

Reference Period

1983 - 2012

Long-term Period

2071-2100

GCM RCM RCPs Resolution

CMCC-CM COSMO-CLM 4.5, 8.5 8 km

ICHEC-EC-EARTH RACMO22E 4.5, 8.5 12.5 km

IPSL-IPSL-CM5A-MR RCA4 4.5, 8.5 12.5 km

MOHC-HadGEM2-ES RCA4 4.5, 8.5 12.5 km

MPI-M-MPI-ESM-LR RCA4 4.5, 8.5 12.5 km

ICHEC-EC-EARTH RCA4 4.5, 8.5 12.5 km

ICHEC-EC-EARTH HIRHAM5 4.5, 8.5 12.5 km

CNRM-CM5 CCLM4-8-17 4.5, 8.5 12.5 km

CNRM-CM5 RCA4 4,5, 8,5 12,5 km

MOHC-HadGEM2-ES RCA4 4,5, 8,5 12,5 km

www.sicab.net

INPUT DATA:
Climate projections obtained from an ENSEMBLE of global and regional
climate models (CMCC+ EUROCordex) under different radiative
forcings (RCP4.5-8.5) were used to describe future climate conditions

▪ Precipitation (mm)

▪ Temperature (°C)

1. Integrated models

2 Representative Concentration Pathways (RCPs): indicate the radiative forcing (W m-2) by 2100:

RCP 4.5 (4.5 W m-2 by 2100) → +1.8 °C (1.1 to 2.6 °C)

RCP 8.5 (8.5 W m-2 by 2100) → +3.7 °C (2.6 to 4.8 °C)



Hydrologic modelling: Soil and Water Assessment Tool (SWAT)-Zero river
1. Integrated modelsFuture projections (30-year monthly mean)

CMCC-CM (GCM) / COSMO-CLM (RCM)

RCP 4.5
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2. Integrated multi-risk assessment-Bayesian Networks

PROBABILISTIC APPROACH BASED ON BAYESIAN NETWORKS (BNs):
integrating model simulations results with those regarding land use and diffuse and point pollution sources → produce alternative risk 

scenarios to communicate the probability of changes in nutrients delivered over future scenarios.



C

A B

b.
PARAMETRIZATION:

Define states for all variables
and calculate the associated
prior probability resulting
from data distribution as well
relationships between nodes
described by the conditional
probability distributions.

a. 
CONCEPTUAL MODEL:

Define the structure of
the network and
identify its main
variables and
relationships
represented by using a
conceptual/influence
‘nodes and arrow’
diagram.

c.
EVALUATION:

Evaluate the predictive
performance of the BN
by means of sensitivity
analysis and data-based
validation.

d.
SCENARIO ANALYSIS:

By inferring behavior of the
variables at stake against
different conditions defined
by setting specific state/s of a
node/s (evidence) and then
propagating information
between nodes based on the
Bayes theorem, thus resulting
in the posterior probability.

BAYESIAN NETWORKS DEVELOPMENT STEPS (Kragt, 2009):

HUGIN Expert, version 8 (Bromley et al., 2005; Madsen et al., 2005), https://www.hugin.com/

2. Integrated multi-risk assessment-Bayesian Networks



Dataset used for the network training in the case study

a. CONCEPTUAL MODEL: development of the conceptual framework of the systems based on DPSIR framework.

2. Integrated multi-risk assessment-Bayesian Networks

Urban 
Development 

Scenario

➢ Definition of final objectives (i.e. assessment endpoints) of the model;

➢ Identification of relevant system variables (i.e. nodes) by means DPSIR Framework and

representation of their causal-relationships (i.e. arcs).



c. MODEL EVALUATION: Data Evaluation of the predictive accuracy of the model through the comparison of Bayesian
Network outputs with an independent data set.

Expected Value of the probability distributions of observed data (a) and simulated data (SWAT) (b) and of Bayesian Network outputs (blue)

2. Integrated multi-risk assessment-Bayesian Networks

Baseline Conditions (2007-2012) - Comparison of Bayesian 
Network outputs with observations from water quality 

monitoring stations

Future Conditions - Comparison of Bayesian Network outputs 
with results of SWAT model simulation for future scenarios 

(2041-2070, 2070-2100) (Pesce et al., 2018)



d. SCENARIO ANALYSIS: Alternative risk scenarios
showing the probability of changes in hydrological variables
and nutrients delivered from the basin into the lagoon over
future scenarios respect to current conditions (1983-2012).

Five 30-year scenarios were developed:
▪ control period (1983-2012),
▪ a mid-term (2041-2070)
▪ long-term (2071-2100)
under two different representative concentration pathways
(i.e. RCP4.5-RCP8.5).

BN alternatively forced with the probability distribution of
temperature and precipitation calculated based on the
respective model simulations.

2. Integrated multi-risk assessment-Bayesian Networks

Nutrients loading under different climate change scenarios 
(CMCC-CM/COSMO-CLM Model)



d. SCENARIO ANALYSIS: Analysis of the variability and uncertainty of the results across GCM-RCM combinations

AUTUMN: good agreement between models, especially
for RCP8.5 scenarios. Good confidence in the direction
of change (i.e. increase of loading);
SUMMER and SPRING: high variability, thus less
confidence in the projected changes.

Seasonal variability across models reflect those of
precipitation suggesting that this variable play a major
role in determining both the direction and the
magnitude of changes in nutrient loadings.

Variations in the probability of each PO4(3-) loading classes respect to the baseline (i.e. 1983-2012) 

under different scenarios and GCM-RCM combinations

2. Integrated multi-risk assessment-Bayesian Networks



MULTI-RISK ASSESSMENT 
considering  multiple hazards and risk (threatening 
the same exposed elements) and their spatial and 

temporal relationships:
➢ Provide a semi-quantitative evaluation of

hazards interactions (i.e. synergies
antagonisms);

➢ Estimate cumulative impacts induced by
climatic and no-climatic stressors (es.
temperature variation, chemical pollution)

➢ Combine spatial-temporal information related
to multi-hazards and multi-vulnerability in
order to identify key risks across sectors and
regions;

➢ Support ranking and prioritization of risks
affecting the same target.

➢ Support the simultaneous consideration of
multiple climate change scenarios and the
prioritization of available adaptation and
management options.

Vulnerability 
V2=f(H2)

Vulnerability 
Vn=f(Hn)

Vulnerability 
V1=f(H1)

Risk
R1=f(H1;V1)

Hazard 
(Hn)

Vulnerability 
(V1,2)=f(H1,2)
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Risk
R1,2=f(H1;V1,2)

Risk
R2=f(H2;V2)

Risk
Rn=f(Hn;Vn)

Natural and anthropogenic drivers (e.g. climate change, land use)

Hazard
(H2)

Hazard 
(H1)

Hazard 
H1,2=f(H1, H2)

Adapted from Marzocchi et al., 2012

3. Integrated multi-risk assessment



Highlights pathways of interaction
between climate and land/sea
based drivers, their related

pressures potentially affecting
sensitive receptors (e.g.
seagrasses, MPAs), leading to

socio-economic impacts as well
as environmental ones with the
variation of GES.

Adriatic sea: the multi-risk 
conceptual framework

3. Integrated multi-risk assessment



Multi-risk approach integrating 
heterogeneous information 

through MCDA models for the 
evaluation of cumulative impacts

• Experts judgment to evaluate
hazards’ interaction through
the assignment of specific
interaction weights and scores

• MCDA integration functions to
shape more complex synergic
and antagonistic behaviors
between hazards in complex
environmental systems

Adriatic sea: data integration by means of MCDA

3. Integrated multi-risk assessment



3. Integrated multi-risk assessment-Cumulative Impact Index

Vulnerability maps

Marine environment 
including:
- Seagrasses
- Coral and maërl beds
- Acquacultures
- MPAs

Anthropogenic 
chronic chemical 

hazard:
- SST variation;
- Nutrient input.

Bio-hazard:
- SST;
- Shipping traffic;
- Ports’ activities;
- Aquacultures.

Anthropogenic acute 
chemical hazard:

- SST variation;
- Oil-spill.

V@ chronic 
chemical hazard

V@  acute 
chemical hazard

V@ Bio-hazard

Multi-hazard maps 

Risk to acute 
chemical hazard

Risk to chronic 
chemical hazard

Risk to biological 
hazard

Exposure map 

CUMULATIVE
IMPACTS

Risk maps



3. Integrated multi-risk assessment-Cumulative Impact Index

Baseline scenario 2000-2015 Future scenario 2035-2050

56%38%

5%

1% 0%0%
0,2%

69,3%

26,4%

3,7%

0,5% 0,0%

Provide and overall picture of the mostly affected 
areas by cumulative impacts to support efficient 
integrated policies and plans under the MSFD 

and MSP directives



3. Integrated multi-risk assessment-Bayesian Networks

Trained on the baseline scenario 2000- 2015
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Prior probability Posterior probability

Cumulative impacts score under scenario 1

CI score > 2.5

CI score in the range 1,5 - 2,5

CI score in the range 1 - 1,5

CI score in the range 0,8 - 1

CI score in the range 0,6 - 0,8

CI score in the range 0,4 - 0,6

CI score in the range 0,2 - 0,4

CI score in the range  0 - 0,2

3. Integrated multi-risk assessment-Bayesian Networks

SCENARIO 1: 
establishment of new MPAs to reinforce ecological 

connectivity 
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Vulnerability scores under scenario 1

Very low (0 - 0,2) Low (0,2 - 0,4) Medium (0,4 - 0,6) High (0,6 - 0,8) Very high (0,8 - 1)

Remarkable reduction of the 
overall vulnerability to the 

related hazards 

Increased probability of 
lower classes of cumulative 

impact scores



Conclusions

Different kind of risk assessment tools each characterized by its strengths and weaknesses.

A combination of approaches is required to deal with the complexity of risks posed by climate
change.

Need to converge toward integrated decision support tools able to support:

➢ The integration of different domains and perspective (environmental, social and economic
sciences)

➢ The consideration of uncertainty about climate change and policy/management scenarios
➢ The combination of quantitative and qualitative approaches and information
➢ The communication and translation of knowledge between the science and practitioners

interfaces.
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CMCC: who we are

The Fondazione Centro Euro-Mediterraneo sui Cambiamenti Climatici (Fondazione CMCC) is a non-profit research institution. CMCC’s
mission is to investigate and model our climate system and its interactions with society to provide reliable, rigorous, and timely
scientific results, which will in turn stimulate sustainable growth, protect the environment, and develop science driven adaptation
and mitigation policies in a changing climate.

Offices Partners



The Supercomputing Center
High-performance computing to understand the climate of the future

1,200 TeraFlops, 

1,000 Terabytes

4,000 Terabytes

(Tape Library)

Research



Risk Assessment and Adaptation Strategies Division (RAAS)

https://www.cmcc.it/it/divisions/raas

Impact assessment at regional scale
▪ Integrated approaches and tools (e.g. risk and vulnerability

assessment, multi criteria decision analysis, spatial
indicators, Regional Risk Assessment, ecological risk models)

Economic analysis of risk and disaster risk reduction
▪ Effects of extreme climate and meteorological events as well as policy

instruments set to reduce societal vulnerability and increase resilience

Participative processes and decision making
▪ Decision analysis approaches for the assessment of stakeholders’ needs for

climate change management;
▪ Implementation of GIS-based Decision Support Systems (DSSs) for the spatial

analysis of the potential consequences associated to climate change.



Thanks for your attention!

Silvia Torresan

silvia.torresan@cmcc.it

Euro-Mediterranean Center on Climate Change (CMCC), 

RAAS - Risk assessment and adaptation strategies, Venice: 
www.cmcc.it/it/divisions/raas


