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Un viaggio nel clima che cambia(mo)

Carlo Barbante
IDPA-CNR, Ca’Foscari University of Venice

photo credit: L. Poto
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NASA's Goddard Institute for Space Studies (GISS), 2016
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Temperature anomalies in the Northern Hemisphere 
(1000 -2010 AD) 

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.

Five-Year Average Global Temperature Anomalies

NASA's Goddard Institute for Space Studies (GISS), 2017

The warming from 1880–2016 is of about 1.1 °C
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Climate Change

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.

NOAA ESRL 2016
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CO2 Record Mauna Loa Observatory, Hawaii

http://www.co2levels.org
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Ice Mass Loss and Sea Level Rise

IPCC, 2013, Fig TS.3

Sea Level Rise

IPCC, 2013
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Space and time …

The last 500 million years

Primates diverged from 
other mammals (85 Myr)

Humans separated 
about 7.5 Myr

Homo Habilis 
about 2.8 Myr

Homo Erectus
about 1.5 Myr

Homo Sapiens
about 350 kyr

Royer, 2004, Zachos, 2008, Lisieki and Raymo, 2005, EPICA (2004)
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Bedrock 

Flow linesAccumulation zone

Ablation
zone

• One of many sedimentary records

• Very good at recording the atmosphere

• 800,000 years (Antarctic) and 128,000 years (Greenland)

The ice core record

Snow and ice as archives
§ Ice cores are the key palaeorecord for 

the atmosphere
§ Climate and forcing factors in the 

same record
§ Well resolved
§ But mainly limited to polar regions
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Ice core impurities - natural sources

§ Wind-borne Dust (particles)
§ Volcanism (Quiescent, explosive)
§ Sea salts (Open ocean, ice sheets)
§ Forest fires (PAHs, soot)
§ Marine biological activity
§ Cosmogenic production
§ In-situ production (photolysis)

All images: http://www.usgs.gov
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Ice core impurities - anthropogenic sources

§ Mining and metals production 
§ Transport emissions 
§ Industrial emissions
§ Coal mining and combustion
§ Other combustion processes
§ Fertilizer use 

Processing
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ü Italian-Swiss border
ü 4455 m a.s.l.
ü 2 parallel cores (80.2 m)

The Colle Gniffetti firn/ice core

J. Gabrieli et al., Atmos Environ.  2011

Gabrieli et al., EST, 2010

PAH Emission in Alpine Snow and Ice
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Fluoranthene

Gabrieli et al., EST, 2010

EPICA ….

Wolff et al. 2006, Jouzel et al., 2007, Lüthi et al. , 2008, Loulergue et al., 2008, Schilt et al., 2009; Stenni et al., 2010
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CO2 vs Temp. the long time perspective

CO2 400 ppmv

Zhang et al., 2013; Zachos et al., 2008
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Where are we going ?

SPM

 Summary for Policymakers

21

Figure SPM.7 |  CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 
1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections 
and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution 
using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored verti-
cal bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty 
(minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea 
ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line 
represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the 
Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20}
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Global ocean surface pH(c)
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A new set of scenarios, 
the Representative

Concentration
Pathways (RCPs) have

been proposed

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.

Too late for 2�C ?

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.

2016
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Too late for 2�C ?

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.
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CO2 emissions by human activity are unprecedented

2016

+61 %
since Rio ‘92

Too late for 2�C ?

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.
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Too late for 2�C ?

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.
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Too late for 2�C ?

IPCC, 2013: Adapted from.

Budget for the 2°C target: 790 bill t C 
CO2 emissions until 2013*: −535 bill t C 

CO2 emissions in 2013*:                       9.9 bill t C 

Remaining emissions: 255 bill t C 

Limiting climate change will require substantial and 
sustained reductions of greenhouse gas emissions. 

* updated from IPCC 2013, WGI SPM 

Budget for the 2°C target: 790 bill t C

Remaining Emissions: 235 bill t C

* CO2 emissions in 2015 9.8 bill t C

CO2 emissions until 2015: - 555 bill t C
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Too late for 2�C ?

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.


