Al'e WE Sure that man_made C02 is Gian Paolo Beretta
a main cause of climatic changes? i GLSTUD!

ESCIA

Unit of energy for this talk: the “toe” (ton of oil equivalent)
= the average heating value of 1 metric ton of oil (1000 kg = 7.33 barrels)

1 toe = 10 Geal = 41.87 GJ = 11,630 kWh

* 1 toe at $95/bbl costs about $700;
* 1 toe of oil used in a 52% effici

Global yearly consumption of primary energy in 2013: 14 Gtoe

Average per-capita consumption Average retail price
of primary energy in 2007: of 6,050 kWh of electricity in 2013
North America: 7.2 toe/yr Europe: $1700 (0.28 $/kWh)
Europe : 3.8 toe/yr Mass.: $ 900 (0.15 $/kWh)

World average: 1.9 toelyr US average: $ 670 (0.11 $/kWh)
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« soC1aland economic cnnsideraw

« OUTLOOK, APLAUSIBLE SCENARIO
* demographic growth
* energy needs
* mix of primary resources :r;;z

* certain and presumed energy reserves
* CO, release due to energy consumption

« WHAT CAUSES CLIMATIC CHANGES?
* gclobal warming versus CO, concentrations
* the role of solar activity
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Uneven spread of per-capita energy consumption

Map: BP statistical review of energy 2007
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N.Zeland EastEurope year: 1990 2000 2005 2013

Bl Energy consumption (Gtoe/yr) 92 103 12.0 14.2
Pupulation (billions) 5.3 6.1 6.5 7.1
toe/yr per capita 1.74 1.73 185 1.99
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History of per-capita energy consumption

food for survival (3000 kcal/day)
after discovery of fire (500.000 vears ago)
neolithic age, bronze age, iron age

greek-roman rural-artisan middle-age economy

0,11 toe/vr
0,22 toe/vr
0,45 toe/yr

0,50 toe/yr

1800 - England
1900 - England

industrialization

0.55 toe/yr

2.8 toe/yr

2000- England

=

3.5 toe/vr

agricoltural fraction of
gross national product

<1900 - Italy 66 % 0.50 toe/yr
1900 - Italy 50 % 0,50 toe/yr
1913 - Italy 42 % - 0.55 toe/yr
1939- Italy 28 % industrialization 1.0 toe/yr
1981 - Italy 6.4 % s 2.5 toe/yr
2000 - Italy 3.3 % 3.0 toe/vr
global consumption population averageper capita
greek-roman age 0,15 Gtep/vr 0.3 billion 0.5 toe/yr
yvear 2000 10,3 Gtep/yr 6.2 billion 1,7 toe/yr
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Correlations between social and economic development
and per-capita primary energy consumption
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Demographic growth outlook
12
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Role of scientific and technological research
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Role of scientific and technological research

N

Thermodynamic
efficiency of the
best-available
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technology for
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per-capita toe/yr

Per-capita consumption (forecast)
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toe/yr per capita

Per-capita consumption x population = ..
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The combustion of
1 toe of coal
1 toe of oil

1 toe of natural gas

CO2 immissions due to primary energy consumption

produces®

4.0 ton of CO2
3.1 ton of CO2
2.3 ton of CO2

*these are rough estimates based on stoichiometry; accurate
estimates would require full life-cycle well-to-final-use analyses

¥ > #
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CO2 immissions due to primary energy consumption
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CO2 immissions due to primary energy consumption

| Cumulative till 2000 Cumulative till 2100
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CO,: +120 ppm
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Atmosphere 730
GtonC

IGlobal Gross Primary ‘ Fossil Fuel
Production and ® Combustion and
Respiration * Industrial
8 GtonClyr , Processes
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Ocean
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Carbon Flux Indicated by Arrows: Natural Flux = Anthropogenic Flux st

Source: Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (U.K., 2001)
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CO2 immissions due to primary energy consumption

Cumulative till 2000 Cumulative till 2100
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CO2 immissions due to primary energy consumption

Cumulative till 2000 Cumulative till 2100
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CO2 immissions due to primary energy consumption

Cumulative till 2000 Cumulative till 2100
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CO2 immissions due to primary energy consumption

Cumulative till 2000 Cumulative till 2100
40 - 1100 Gton CO2 4100 Gton CO2
~ 300 Gton C | 1100 Gton C
Q35 _ . 8 o
O t o & B O
— & 2. O
D ,@Q h J J f —_
=30 W gas o d (©
. > S
S moil S QC; 2 ; =
Y— N o (@)
5 M coal * A = S
2 i LT 5
& & ' ) o
- RN N ) 6 =
@ A N\) i £ b —
= 20 &Q{k % W Y O
B =T %Cﬂ)- ~1l5 o
Il 15 atmospheric atmospheric atmospheric
8 CO2 concentration CO2 concentration C0O2 concentration
280 ppm Jo0ppm S80ppm
g 10 L il il lll
_.9 overall CO2 overall CO2 overall CO2
O 5 4 570 Gton C 730 Gton C .| 1170 Gton C
increase increase T,
0 - 160 Gton C 440 Gton C 0

(53% of 800) 2100

1850 1875 1900 (55% of 300)

 ©2015, Gian Paolo Beretta, “Are we sure that man-made CO2 is a main cause of climatic changes?, HIT, IAP-Lecture, Jan 6, 2015



CO,;: +120 ppm 4

»

5

:

) ’
,, J
' 5

890 1910 1930 1950 1970 1990 2010

@©2015, Gian Paolo Beretta, “Are we sure that man-made CO2 is a main cause of climatic changes?”, HIT, IAP-Lecture, Jan 6, 2015

Artwork by J. Eapusta - from
5. Brand, Nature 450, 797 (2007)
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*Solar radiation I, =1367 W/m?
*Albedo (about 32% gets reflected away) Le =930 W/m?
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*Solar radiation

*Albedo (about 32% gets reflected away)

-
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rgy balance
I, = 1367 W/m?
I = 930 W/m?
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Spectral Irradiance (W/m4/nm)
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’s energy balance
*Solar radiation I, =1367 W/m?*
*Albedo (about 32% gets reflected away) L =930 W/m?
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*Temperature with no greenhouse effect
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Spectral Irradiance (W/m4/nm)
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*Solar radiation I, =1367 W/m?*
*Albedo (about 32% gets reflected away) L =930 W/m?
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, energy balance

*Solar radiation I, =1367 W/m?*
*Albedo (about 32% gets reflected away) L =930 W/m?
*Temperature with no greenhouse effect Ty=255 K (-18°C)
*Would require a 1% increase in I; to produce 0.6°C increase in T,
* Measured variations in I; are less than 0.1%
' N\ _

‘-“‘-ht_

Temperature vs Solar Activity

lar Irradiarn

olal S¢

= Total Solar Irradiance 11 yr average

1365

1880 1900 1920 1940 1960 1980
Year

2000
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*Solar radiation I, =1367 W/m?
*Temperature with no greenhouse gases T,=255 K (-18°C)
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fect as a greenhouse gas

*Solar radiation I, =1367 W/m?

*Temperature with no greenhouse gases T,=255 K (-18°C)
*With pre-industrial greenhouse gases (1750) T,=288 K (+15°C) =T, +33°C
*Corresponds to an I=1,+F=1367
F, called radiative Forcing, F=144 W/m?* T,-T,=33°C
can be split between the main greenhouse gases
y 64%  due to water vapor 92 W/m?  21°C
21%  due to CO, 30 W/m? e
15%  due to CH4, N20O, other 22 W/m?* 5P€
Ll
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CO2 effect as a greenhouse ga

*Solar radiation
*Temperature with no greenhouse gases
*With pre-industrial greenhouse gases (1750)
*Corresponds to an i =
\ F, called radiative Forcing, F=
- can be split between the main greenhouse gases
| 64%  due to water vapor
21%  due to CO, .
15%  due to CH4, N20O, other

1900 -

CH,

SO0 -

700

5100
1750

1770 1790 1810 1830 1850 1870 1890 1910 1930 1950 1970 1990 2010
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fect as a greenhouse gas

*Solar radiation I, =1367 W/m?

*Temperature with no greenhouse gases T,=255 K (-18°C)
*With pre-industrial greenhouse gases (1750) T,=288 K (+15°C) =T, +33°C
*Corresponds to an I=1,+F=1367
F, called radiative Forcing, F=144 W/m?* T,-T,=33°C
can be split between the main greenhouse gases
64%  due to water vapor 92 W/m?  21°C
21%  due to CO, 30 W/m? e

15% due to CH4, N20, other 22 W/m? 5°E
+[PCC formula
F-Fy=5.35 In(C/Cy)

* Fyo00-Fig50 = 5.35 In(360/280) =1.35 for CO2 during 20th century
* 1.35%33/144=0.3°C therefore increase

* Fy100-Figs0 = 5.35 In(580/280) =3.89 for CO2 during 20th+21th century
*3.89%33/144 = 0.9°C is the estimate of T;99-T g5 due to CO2Z immissions
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CO2 immissions

N
=

Gtan_(;OZ: biIILons gf ton of CO2

th

0

o
th

o
=

due to primary energy consumption

1850 1875 1900

160 Gton C
(55% of 300)
AT ¢gr = 0.3°C
AT, iy = 0.6°C
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Cumulative till 2000 Cumulative till 2100
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CO2 immissions due to primary energy consumption

Cumulative till 2000 Cumulative till 2100
40 - 1100 Gton CO2 4100 Gton CO2
~ 300 Gton C 1100_Gt011 &2
. : 1Y)
835 | ' W & | & S
Y & ~ 2 5
= 30 M gas “-.-G’Q y . E
S y & ¢ R N|[8 O
S Hoil q’ Qﬁ? < o
“Ezs B S QG 3 @»Q & i’
| _Gr& Q ‘§ 4:" C) G -E
O A AN » O y—
=20 &a\%’ O o < ®
o =115 o
Il 15 atmospheric atmospheric % atmospheric
8 CO2 concentration CO2 concentration CO2 concentration
g {0 AL 28051}111 3601}1}111 :3031}111
_.9 overall CO2 overall CO2 overall CO2
O s 570 Gton C . 730 Gton C .| 1170 Gton C
increase i increase N
: M 160 Gton C 440 Gton C I l 0
1850 1875 1900 {55“1] of 300} {55“{! of 80'["]' 2100

AT[‘DZ = 030{:1
ﬂkTm:tuﬂl = 0.6°C :

AT[‘DZ T 090(1
AT, .. = 1.8°C22

-4 —— N
©2015, Gian Paolo Beretta, “Are we sure that man-made CO2 is a main cause of climatic changes?”, HIT, IAP-Lecture, Jan 6, 2015



. XD ov
02000 a0 G
18507 o0
%,.-
; 1
p
*
»

Artwork by I Kapusta -from
3. Brand, Nature 450, 797 (2007)

1950 1970 190 2010

@©2015, Gian Paolo Beretta, “Are we sure that man-made CO2 is a main cause of climatic changes?”, HIT, IAP-Lecture, Jan 6, 2015



o

F
- f

L

3 aET N
Mfﬁ?ﬂ_ll"" Tl
|IRTTI IR T W
A S

| '_I' '-s:.ﬂ:"F: T B} i
Artwork by I Eapusta - from AR ds ﬂf YE ars before pre sent
3. Brand, Nature 45[’.'!,__'??? (2007

@©2015, Gian Paolo Beretta, “Are we sure that man-made CO2 is a main cause of climatic changes?”, HIT, IAP-Lecture, Jan 6, 2015




ot npert e 1] eshen (e

Annual average 3g e
COZ conc. at

CO,: +120 ppm g

However...
correlation

| appears weaker
| in the last two N | i
decades _

(L1

i ;V!Jn\,l
;w” i

AT
"z

L
C Wm S o
o2 PR VT

193ﬂ mean

04—
SM8E0 1870 1890 1910 1930 1950 1970 1990 2010

@©2015, Gian Paolo Beretta, “Are we sure that man-made CO2 is a main cause of climatic changes?”, HIT, IAP-Lecture, Jan 6, 2015




Correlation appears weaker in last two decades
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Irregular fine variations in CO2 concentration

i o o

e e oW e o oW R o R e w o ow o o v o= o=

12 month change of simospheric COZ (ppm)

Anthropicimmissions are o Wauna Los Hawai
steady,

fine variations in concentration
are not as regular.

Fabiuary 2014

Very much affected by the
natural periodic phenomenon
known as El Nino (involves
ocean-atmosphere interactions) : Cinastyu g

1'..."r|1 onih change n.f atmosphenc CO . (ppm )

= gm  gm  wm  gm mm am wm  gm gm gm gm  gm g wm  gm  gm  m  gm =
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Long-time historical correlation is good but
CO2 seems to lag behind T, not viceversa!

r
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At 240000 before present, temperature increase is
before CO, increase by about 800 years.
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The phase relation between atmospheric
carbon dioxide and global temperatul‘e

, HadCRUT4 and HadsSs

ange of global sea surface temperature (Had 55T 3, last 12 months minus previous 12 months)
Green: Change of atmospheric GO 2 {Global; last 12 months minus previous 12 months)

August 2014
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The phase relation between atmospheric

carbon dioxide and global temperature

1982 1884 1986 1988 1990 1992 1994 1996 1988 2000 2002 2004 2006 2008 2010 2012
fial r 1 o 1 o by T o0 ¥ o § o0 o b g T o b &y e |y ] o

Global CO2 and NCDC surface air temperatures
DIFF12 NCDC-land
G. 04 -
o ] L
8 03 -[*¢
o 7 i &
3 Dpz_ - 3 o
g 138 §1-10
e 18 ir's
a 0.1 g il
E € L ©
2 00 & L o
o | Mco0§
1] L R c
@ 0.1 - 5| ©
] g
< S AR | €
O 02~ . - : — § L .1
| Green: Change of atmospheric CO (Global: last 12 months minus previous 12 months)
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Anthropic

CO2 concentration
immissions =

Global
Warr?ling_

L - B Y e

B

~ maybe, butit=i§§iot certain, and some
evidence does ngGeonfitm it.

e,

svearly immissions (8 Gton C/#) aref 4% of natural exchanges
el
*21st century overall immissio ns account fory2 % of the total Earth’s inventory
i )

“sregular immissions versus irregular changes (El1 Nino)
sequal increase in North and South emisphere (vet mixing is low) <
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Anthropic CO2 concentration Global

[ ] * [ | [ | | ]
IMMISSIoNS warming

*no warming over last 20 yéay Lo 3i'ncrease in cnncentratmn
‘measured increasesdn CQOZ seem to Iz rind measured increases in T, not viceversa
&

. *large changes on along time scale of 100000 vears lag by about 800 vears

*small changes on a shorttimrescale of 20-50 vears lag by abm]h?-lz months
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Solar activity: s
Caused by cyclic magnetic phenomena in
the photosphere, it increases brightness

only of order 0.1%, but...

#
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Solar activity: sunsj
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Caused by cyclic magnetic phenomena in
the photosphere, it increases brightness
only of order 0.1%, but...
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Solar activity: s

Caused by cyclic magnetic phenomena in
the photosphere, it increases brightness
only of order 0.1%, but 1t produces

and (charged particles reaching

e other Planets).
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— 4
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Solar activity: s

Solar wind, deflected by the Earth’s
AN . magnetic field, shields it from cosmic rays.
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Solar activity: s

Solar wind, deflected by the Earth’s
magnetic field, shields it from cosmic rays.

m“ B owad.

ol & i "'J'I._':,_"_;'_"'.----"_'-.—'- = — =y

o —— -

- -

Cosmicrays favor cloud
formation by providing

nucleation” sites for water
vapor condeusfati

©2015, Gian Paolo Beretta, “Are we sure that man-made CO2 is a main cause of climatic changes ¥, HIT, IAP-Lecture, Jan. 6, 2015



Solar activity: s

Solar wind, deflected by the Earth’s
magnetic field, shields it from cosmic rays.
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Cosmic rays favor cloud
formation by providing
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nucleation sites for water
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Solar activity: s

Solar wind, deflected by the Earth’s
AN magnetic field, shields it from cosmic rays.
Clouds albedo
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more sunspots — more solar activity —
more solar wind — fewer cosmic rays —

fewer clouds — smaller albedo — more

, ﬂﬁgchve solar heatmg — global warming.
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Climatic
changes

Solar
«|activity

ecorrelation between cloud cc ; 's albedo

i,

scorrelation betweerl cloud cover and cosmi¢jrays

“scorrelation between cosmic rays and solar‘activity as measured by sunspots

scorrelation between current lu al ‘cooling’ and weak and delayvedSsunspot cycle
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Sustamable development is tricky! R

False hopes on single and simple solutions.
are fed on bad mmformation and cheap futurology:.
They cause waste of resources.
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When Science goes public it requires

a lot of equilibrium!
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Climate chang®&gmot f€lt as the most important problem for the
future of hum:Mikind. There are other more serious priorities

- malnutrition i
- alphabe_tﬁu
- deseases (malaria, taberculosis, AIDS in particular)
. - availability of vaccins (Ebola?)

n

Limiting the effects of climate change is only listed as the 6°
position (not cited as global warming)

It appears that clmnte Ch’l nge, among the m‘lny problems that afflict
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Global mean sea level (mm)
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What should

The primary objectiyve should be to

control and limit the predie

Do only what is within pfe

jective cannot be
g anthropic CO,

certain tthev are a main ca

ase there 1s no
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€ 2008, Gian Paolo Beretta, Universita di Brescia, “Wodd energy consumpbion and resources: an outlook for the rest of the century”, MIT, IAP lecture, Jan 2008



Jean-Michel Folon
http waw folon-art.coml

Thank you for your attentloﬁ SO far

and, now, please add your voice to th_e
o DISCUSSION !

= : f __; '[heslldes ofthls and other presentatlonsare available at
< www.gianpaoloberetta.info

__ . .ff::'?’i"; -5* evgfﬂi“graphmﬂ data for the parton climate changeare taken from

: } - _,_,.r.‘T;ff“- -:-'— -'-’
e . www.climatedyou.com
| T STESR
=7 e T E-mail: gianpaolo.beretta@unibs.it
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About | Non-Credit Activities | For Credit Subjects | Post/Revise Listings | Browse Listings | search [ EEX

« Proposing Activities

e See Browse Listings
for this year's AP
activiies

« IAP Activity
Attendance Sheet

Non-Credit Activities: |IAP Activity Attendance Sheet

Per the Report of the |1AP Subcommittee, a request was made to collect some data on attendance of
non-credit activities by Undergraduates and Graduate students during IAP. Please take 2 minutes to
complete this short questionnaire.

Activity Date 1/6/15 Activity Title Are we sure that man-made CO2 is a main cause of climatic chai
Total Attendance X # Grad Students X # Undergrad students

Of undergradsz please write the number of attendees per class year: 1styear Y | 2ndyear Y
drdyear Y  dthyear X

Of student attendees, how many are also taking a for credit class? X
Name of Person Recording Attendance Gian Paolo Beretia
Email Address for Person Recording Attendance bereta@mit edu

To send this form , hit the submit | button, or resetitto clear and begin again
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