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CO2: blu line
2011: 391 ppm



Current global climate change



MWP LIA



IPCC WG1-AR4, FAQ 3.1, Figure 1

GEOGRAPHICAL DISTRIBUTION OF DECADAL 
TEMPERATURE INCREASE IN THE LAST 25 YEARS

Ground level Troposphere

°C/decade



Climate change in Italy



Temperature, °C

Brunetti M, Maugeri M, Monti F, Nanni T. 2006. Temperature 
and precipitation variability in Italy in the last two centuries
from homogenised instrumental time series.

Int. J. Climatol, 26, 345-381

Approx 3°C increase
in the period



Precipitation, ratio to total period mean value

Brunetti M, Maugeri M, Monti F, Nanni T. 2006. Temperature 
and precipitation variability in Italy in the last two centuries
from homogenised instrumental time series.

Int. J. Climatol, 26, 345-381

approx. 10% decrease
in the period



So-called “tropicalization” of precipitation regimes
Data source: National Research Council

No. of rain episodes Rain intensity



Local CC
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The Po river basin



PO A PONTELAGOSCURO
AFFLUSSI GIU-AGO 1975-2009

R2 = 0,0797
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SUMMER RAINFALL REDUCTION 
IN THE PO BASIN 1975-2009 (JJA) 20-25%



PONTELAGOSCURO
ANALISI STAGIONE ESTIVA DELLE PORTATE

PERIODO GIUGNO-AGOSTO
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Summer (JJA) discharges at Po basin closure, 
Pontelagoscuro, (40-45% reduction)  

1975-2009 (m3/s)  (No reduction in autumn!)



What about alpine glaciers and 
Mediterranean sea-level?



Temperature increase in the Temperature increase in the 
Alpine region (1760Alpine region (1760--2000)2000)

FromFrom
Auer et al. 2006Auer et al. 2006



Examples of Alpine Examples of Alpine 
glaciers retreatglaciers retreat

Pizzo Bernina, 1978Pizzo Bernina, 1978

Pizzo Bernina, 2003Pizzo Bernina, 2003

Pizzo PalPizzo Palúú -- 19781978

Pizzo PalPizzo Palúú -- 20032003



20cm/100y=2mm/y (~1908-2008)

3mm/y (1993-2006)



From satellite altimetry, the Mediterranean sea-level is rising approx. at 
a rate which is about a half of the one of the global oceans (<1.5mm/y).

1992 2007



Comprehensive Medatlas (2002) data set analysis Rixen et al., 2006
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Temperature and salinity in the Mediterranean



A quick look at the future:
from global to local climate 

change projections



IPCC GLOBAL PROJECTIONS: TEMPERATURE



A2 Scenario: (2071-2100) – (1961-1990)

T °C Precip. %



Projections of North Italian Climate Change (T) 
A2 Scenario  (2071:2100)-(1961:1990)

Summer

Autumn Winter

Spring



Climate projections based on climate models are today 
very reliable and trustworthy and anticipate a vision of 

the current century with trends very similar to the 
trends we are experiencing now (at least until the end 

of the century): foreseen impacts require that, 
toghether with mitigation, adaptation will be necessary 

to minimize negative consequences and to exploit 
opportunities, if any.



Possible impacts of climate 
change in the Mediterranean area



Important CC impacts in the Mediterranean area Important CC impacts in the Mediterranean area 
(1/2)(1/2)

•• Increased hydroIncreased hydro--geological risk in areas already very geological risk in areas already very 
exposed. exposed. 

•• Aterations in the hydrological cycle of the Po river Aterations in the hydrological cycle of the Po river 
leading to increased risks in opposing directions leading to increased risks in opposing directions 
(short(short--term droughts and salt intrusions in the delta in term droughts and salt intrusions in the delta in 
winterwinter--springspring--summer and flooding in autumn).summer and flooding in autumn).

•• Negative consequences on water availability (water Negative consequences on water availability (water 
scarcity) leading to increased competition for water scarcity) leading to increased competition for water 
among different social sectors. among different social sectors. 

•• Reduced snowfalls with negative consequences on Reduced snowfalls with negative consequences on 
water availability and winter tourism.water availability and winter tourism.

•• Increased coastal erosion and salt water intrusion in Increased coastal erosion and salt water intrusion in 
river deltas.river deltas.



•• Increased frequency and intensity of heat waves with Increased frequency and intensity of heat waves with 
increased associated health risks and suffering of increased associated health risks and suffering of 
summer tourism summer tourism 

•• Increased risk of forst fires in dry and/or hot seasonsIncreased risk of forst fires in dry and/or hot seasons
•• Increased risk of vector borne diseases (e.g. from Increased risk of vector borne diseases (e.g. from 

tiger mosquitos).tiger mosquitos).
•• Reduced agricoltural yields and product quality.Reduced agricoltural yields and product quality.
•• Increased energy consumption for cooling in summer Increased energy consumption for cooling in summer 

season.season.
•• Increased ozone pollution in summer.Increased ozone pollution in summer.

Important CC impacts in the Mediterranean area Important CC impacts in the Mediterranean area 
(2/2) (2/2) 



Climate change and the salt 
wedge intrusion in the Po delta









Size of current problem with discharge between 250 and 300 m3/s



Size of current problem with discharge between 180 and 200 m3/s



FOREST FIRE RISK INCREASE

During the period 1961-1990 40-50 dd/y were observed with high forest 
fire risk index, in Southern Spain, Turkey and Western greece . In 
2021-2050 an increase of 15-20 dd/y is foreseen, with an extension of high 
index values to other areas (e.g. southern Italy).
Little variability among RCMs, signal is robust.

1961-19902021-2050

Number of days with FWI>30



RISK OF WHEAT PRODUCTION 
DECREASE

Probability of production lower than the 20th 
percentile value  of base period (1990-2010) 

2010-2030

2070-2090

2030-2050

2050-2070



HEAT WAVES INCREASE
Scenarios iof variation of the Heat Index 
No. of days when HI >40.7 – Summer (JJA)



Change in heating and cooling 
energy requirement scenarios: 
turnover point already reached



Vector borne diseases: tiger mosquito diffusion



The Chikungunya epidemic

The disease vectors: tiger mosquitos   



What next?



Mitigation and adaptationMitigation and adaptation

Mitigation: a GLOBAL problem

&
Adaptation: a LOCAL problem

CAUSE: lower GHG CAUSE: lower GHG 
emissionsemissions

EFFECTS: riadjust the entire natural EFFECTS: riadjust the entire natural 
and anthropic system to Ccto and anthropic system to Ccto 
minimize damages and minimize damages and exploit exploit 
opportunitiesopportunities

CC



Strategies and actions to 
adapt to climate change in 

Emilia-Romagna



AdaptationAdaptation

• very effective in the short term, but when climate 
change becomes large, options decrease and 
associated costs increase

• effective adaptation measures ade very dependent 
from specific factors, including geographic location and 
population and property exposure

• very dependent upon the degree of acceptation by the 
external context



Types and forms of adaptationTypes and forms of adaptation

infrastructural and technological

Long time to 
completion High costs of 

investment

High impacts on 
environment 

and population

non-infrastructural or “soft”

Shorter time 
to completion

Negligible costs, 
often included in 

socio-
economical 

development

Applicable 
also in 

insufficient 
knowledge 
conditions



The EU White Paper on Adaptation to 
Climate Change (2009) had the aim of 
drawing a common reference frame 

for national adaptation strategies and 
plans: Italy is very, very late in 

producing a national strategy, but has 
recently been moving, at last (!)



Possible concrete adaptation strategies for Emilia-Romagna

• Health: mid- and long-term planning of actions to prevent consequences of 
heat waves, of increased health risk due to vector borne diseases, 
increased pollen allergies, etc.

• Water resources: improved water systems maintenance, diversification of 
water supply sources, increased water systems interconnections, small 
water basins

• Hydrogeological risk: on a short timescale improving of monitoring and 
forecasting capabilities, on a longer timescale better climate-conscious 
territorial planning, promotion of of a better use of territory (reforestation, 
relocation of settlements, increased room to rivers, expansion reservoirs…)

• Agricolture: modified agronomical practices(eg. optimisation of irrigation 
practices), transition to less hydrodemanding coltures, technological 
innovation (irrigation technologies, new cultivars, etc)

• Territorial and urban planning: increase of climate-conscious urban 
planning and increased use of bioarchitecture

• Coastal areas: beach nourishment, protection of wild coastal sectors, 
conservation of dunes

• Territory: improved knowledge of territorial vulnerability and better use of 
territorial resources to combat desertification

• Biodiversity: protection of natural environmental areas, wetlands, transition 
water zones, maintenance of parks and protected areas



Examples of contributions of ARPA to adaptation
measures of the Emilia-Romagna regional
government: tiger mosquito surveillance programme



Examples of contributions of ARPA to adaptation
measures of the Emilia-Romagna regional
government: monitoring of pollens and of UV radiation



Examples of contributions of ARPA to adaptation measures 
of the Emilia-Romagna regional government: 
forecasts of heat waves



Examples of contributions of ARPA to adaptation
measures of the Emilia-Romagna regional
government: monitoring of drought and desertification



TOPKAPITOPKAPI
BasinsBasins

Examples of contributions of ARPA to adaptation measures 
of the Emilia-Romagna regional government: 
modelling of Po basin to manage flooding risk



Simulation of salt 
intrusion

by Sobek & DELWAQ
% of fresh 
and salty 
water as a 
function of 
time in a 
delta 
branch

Examples of contributions of ARPA to adaptation measures 
of the Emilia-Romagna regional government: 
modelling of Po basin during drought episodes



Thank you 
for your 
attention

http://www.arpa.emr.it/


