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Use the CETEMPS hydrological model 
(CHyM) to see climate change impact 
on Italy’s river network by way of 
convection permitting (CP) models

Assess if there is any improvement in 
the description of the hydrological cycle 
when using a convection permitting 
resolution 

Use CP ensemble to

● validate the method against station 
data of river discharge

● analyse the climate change signal 
for the end of century period under 
the rcp85 scenario

Motivation
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Introduction



➔ Ensemble of convection 
permitting (CP) models (3km 
resolution, Great Alpine Domain) 
made available recently

➔ Explicit treatment of deep 
convection without the use of 
convection parameterization 
schemes
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Introduction

FPSCONV CORDEX

Ban, N., Caillaud, C., Coppola, E. et al. The first multi-model ensemble of regional climate simulations at 
kilometer-scale resolution, part I: evaluation of precipitation. Clim Dyn 57, 275–302 (2021). 



CETEMPS hydrological model (CHyM) 

➔ Grid based hydrological 
model developed at 
University of L’Aquila

➔ Simulates hydrological cycle 
with an eight-flow direction 
river network employing a 
Cellular Automata 
theory-based algorithm 

➔ Hourly streamflow 
simulated for 7 different 
Italian regions (Calabria and 
Sicily excluded) 

Coppola, E., Tomassetti, B., Mariotti, L., Verdecchia, M., & Visconti, G. (2007). Cellular automata algorithms for 
drainage network extraction and rainfall data assimilation. Hydrological Sciences Journal, 52(3), 579–592. 4

Introduction

Directly routes the 
runoff from 

climate outputs

Uses temperature 
and precipitation 
to calculate the 

discharge

CHyM - TP

CHyM - roff



CETEMPS hydrological model (CHyM) 

Roff
T, P
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Introduction
FPSCONV CORDEX

2090 - 2099

END OF CENTURY PERIOD
GCM Driven

2040 - 2049

MID CENTURY PERIOD 
GCM Driven

1996 - 2005

HISTORICAL PERIOD
GCM Driven

2000 - 2009

VALIDATION PERIOD 
Era Interim Driven

dis

10 -17 
models

6 - 13
 models

Average 
discharge for a 
given period of 

time

Qmean

Peak yearly 
discharge for a 
100 year return 
period (Gumbel 

fit)

Q100

Seven-day 
minimum 

discharge for a 
10 year return 

period (Gumbel 
fit)

Q7,10
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Introduction

Ensemble name Resolution of 
input

Number of 
ensemble 
members

CHyM setting

CP TP 3km 10 - 17 T + P

CP Roff 3km 6 - 13 Runoff

CORDEX Roff 11km 44 Runoff

CMIP5 Roff 50km 13 Runoff



Swiss 
Alps

French 
Alps

Po 
Delta

Central PoUpper 
Po
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Po Valley Station Selection

Validation



8
García-Valdecasas Ojeda, M., Di Sante, F., Coppola, E., Fantini, A., Nogherotto, R., Raffaele, F., & Giorgi, F. (2022). 
Climate change impact on flood hazard over Italy. Journal of Hydrology, 615, 128628. 

Validation
Kling-Gupta Efficiency (KGE)

T, P Roff
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Validation

3km

11km

Smaller range of outputs 
and closer to station data 
for higher resolution



10Climate change signal SSP585

Average 
PR P99.9th

Average value and 
droughts governed by 
average precipitation;
Floods and Alpine signal 
governed by extreme 
precipitation;

(End-of-century signal) - (Historical signal)



11Climate change signal SSP585

Average 
PR P99.9th

Average value and 
droughts governed by 
average precipitation;
Floods and Alpine signal 
governed by extreme 
precipitation;

(End-of-century signal) - (Historical signal)

Gray and black zones are significant according to Student t-test at 
0.05 level. Zones without shading are not significant.
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Climate change signal SSP585

Change in 
yearly values

More floods and more 
droughts;
Average discharge 
decrease with varying 
signal in the Alps;

(End-of-century signal) - (Historical signal)

3km

3km

11km

50km
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Climate change signal SSP585

Change in 
yearly values

Floods modulated by 
extreme precipitation 
and droughts by 
average precipitation;

(End-of-century signal) - (Historical signal)

3km

3km

11km

50km
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Climate change signal SSP585

Clear effect of resolution in 
extreme precipitation projection;
Modulating effect of JJA and MAM 
in low discharge changes → more 
intense decrease in CP Roff and 
CORDEX Roff;
Effect of extreme precipitation in 
Alpine discharge in CP TP;

Change in 
summer months

JJA

(End-of-century signal) - (Historical signal)

3km

3km

11km

50km
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01/10

25%

50%

75%

100%

31/09d25 d50 d75
Hydrological Year

Percentage of cumulated 
discharge reached

Climate change signal SSP585

Increased chance of floods

Increased chance of droughts

d25

d25 d50

d50
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Climate change signal SSP585

Days at which 
hydrological year 

percentiles are 
reached in the 

historical period

Overall consistent with 
station data, with 
overestimation over high 
altitudes;

3km

3km

11km

50km
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Climate change signal SSP585

● Earlier d25 in high altitudes 
→ wetter winter/earlier 
snowmelt

● Increased distance between 
d25 and d50 → drier springs

● Less clear pattern for low 
resolutions;
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Climate change signal SSP585

Spread of the mean 
change is lower in the CP 
driven simulation in 
average;

Model 
uncertainty

3km

3km

11km

50km



High resolution kilometer scale projection are suitable to 
represent the hydrological cycle in the Italian river basin when 
coupled with a hydrological model

Change in mean and low discharge are modulated by the 
precipitation mean change

Change in very high discharge values are modulated by 
extreme precipitation 

Modulating effect of JJA and MAM in low discharge changes

Summer season is projected to experience an increase of 
discharge over the Alpine chain and a decreased elsewhere 
driven by the change extreme and mean precipitation 
respectively for the CP TP simulations. Other ensembles have a 
decrease everywhere in summer consistent with more intense 
decreases of precipitation.

The high resolution driven hydrological simulation ensemble 
shows a reduced climate change signal spread for the mean 
discharge change

Changes in the hydrological year length for high resolution 
simulations show earlier shift of the 25th percentile due to 
wetter winter and earlier snowmelt, with an increase distance 
between the 25th and 50th percentile  projecting in a drier 
springer to summer period

Conclusions 
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Climate change impact on the discharge of the Italian river 
network using Convection Permitting climate models
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Climate change signal SSP585

Clear effect of resolution 
in extreme precipitation 
projection;
Possible effect on local 
discharge;

Change in 
winter months

DJF

(End-of-century signal) - (Historical signal)

3km

3km

11km

50km
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Climate change signal SSP585

3km

Precipitation signal 
consistent for different 
resolutions;
CHyM TP more 
susceptible to extreme 
precipitation than CHyM 
Roff;

Change in 
winter months

11km
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Validation

3km

11km

Overestimation for higher 
resolution and 
underrestimation for 
lower
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Validation

3km

11km

Good match for Po Delta 
and over/under 
estimation for Swiss Alps



Models used 
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Models used 
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Models used 
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Climate change signal SSP585

3km

11km

50km

Change in 
yearly values

More floods and more 
droughts;
Average discharge 
decrease with possible 
increase in the Alps;
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Climate change signal SSP585

3km

11km

50km

Change in 
summer 
months

Clear effect of resolution 
in extreme precipitation 
projection;
Possible effect on local 
discharge;
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Climate change signal SSP585

3km

11km

50km

Change in 
winter 

months
Precipitation signal 
consistent for different 
resolutions;
CHyM TP more susceptible 
to extreme precipitation 
than CHyM Roff
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Climate change signal SSP585

3km

11km

50km

Days at which 
hydrological year 

percentiles are 
reached

Overall consistent with 
station data, with 
overestimation over high 
altitudes;
No altitude signal for low 
resolutions;
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Climate change signal SSP585

3km 3km

11km

Earlier d25 in high altitudes 
→ wetter winter/earlier 
snowmelt
Increased distance 
between d25 and d50 → 
drier springs
No altitude signal for low 
resolutions;



CHyM shows overestimation of high 
discharge values when comparing to 
station data, but with good description 
of mean flow and timing

Decrease of average/drought flow by 
end of century and increase of high flow 
rates

Impact of extreme precipitation events 
on discharge change, specially over the 
Alps and in the summer months

More detailed signal with CP resolution

Conclusions
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Expand on the uncertainty analysis as 
CP resolution can decrease model 
uncertainty

Possible to reproduce analysis in other 
regions if/when other CP ensembles 
become available

Possible to reproduce analysis in other 
parts of the Great Alpine Domain

Perspectives
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