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Isotopes

Stable (2H/H, 13C/12C, 15N/14N, 180(1€0,...)

Radioactive
Natural
Cosmogenic (3H, 1°Be, 14C, 36Cl,...)
Primordial (49K, 232Th, 238U, ...)
Radiogenic (?22Rn, 225Ra, 219PD,...)

Anthropogenic (3H, 14C, %Sr, 129, 137Cs, Pu,...)

Pavel Povinec FNCA 2021, 3-4/3/2021, Tokyo (online)
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* 2H - transport of air & water masses, exchange processes
atmosphere-biosphere, atmosphere-hydrosphere,...

» 13C — exchange processes, tracing fossil carbon,...

« 130 — atmosphere-hydrosphere exchange, groundwater,
seawater, past temperature records in ice,...

* 3H - (T4, =12.32y), water molecule (HTO) - transport of water
masses, water dating...

Isotope Tracers

* 1%Be-(T,/, =1.39 X 10° y), aerosols, stratosphere-troposphere-
ocean transport, ice cores, sediments...

« 14C—(T,/, =5730Yy), stratosphere-troposphere exchange, fossil
carbon record in the atmosphere — biosphere - ocean,
atmosphere-ocean exchange,...

« 13Cs —(T,/, = 30.17 y), mostly dissolved in seawater — processes
in the water column, transport of water masses...

* ...and many other stable and radioactive isotopes...

Pavel Povinec FNCA 2021, 3-4/3/2021, Tokyo (online)
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Isotope Tracing of the Environment c

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs B
: Clouds
Atmosphere ———— T ¥
PR S S A fs"' !
A ’
N,, 0, Ar, Volcanic Activ S
H,0, CO,, CH,, N0, O, etc. e Sl
Aerosols ,(- ,—"F \\ Atmosphere-Biosphere
Atmosphere- d Interaction
lce Precipitation
Interaction Evaporation
Terrestrial
Heat  Wind o+ Radiation _uman
Exchange Stress

Hydrosphere:
Ocean

lce-Ocean Coupling

Land Surface

Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Hydrosphere:
Rivers & Lakes
Changes in the Ocean:

Changes infon the Land Surface:
Circulation, Sea Level, Biogeochemistry

Orography, Land Use, Vegetation, Ecosystems
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Timing cénia

e ANTHROPOCENE epoch (>1945 present) - a new epoch
after the HOLOCENE epoch (10 ky)

 INDUSTRIAL era (150 years) — carbon, nitrogen, sulfur
oxides, metals, organics,...

* NUCLEAR era (70 years) — anthropogenic radionuclides,
nuclear bomb tests, global fallout, nuclear industry,
nuclear accidents,...

* COSMIC era (50 years) — satellites, moon, garbage in the
space,...

Pavel Povinec FNCA 2021, 3-4/3/2021, Tokyo (online)



Energy vs. Environment Cm

e New Philosophy : EGOCENTRIC vs. ECOCENTRIC approach: protection of the
total environment — man, fauna, flora

e CLIMATE CHANGE - anthropogenic vs. natural processes, global impacts,
politically driven science ?

e NUCLEAR acceptance by public ? — Chernobyl & Fukushima impacts, radioactive
wastes

e RENEWABLE ENERGY SOURCES - sustainable for global development? BRICS

countries, new world - thirsty for the energy, a new industrialization revolution
— the east and south neads own revolution...

GwW

12000

10000 4/-"’, Large energy

8000 consumption

6000

o // growth rates

2000 // after the 19455
O1900 1920 1240 1960 1880 2000

Energy consumption growih in 20th cenftury

Pavel Povinec FNCA 2021, 3-4/3/2021, Tokyo (online)



World Energy Mix

Primary Energy Projections in Terawatts
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US Energy Mix
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Japan Energy Mix cénia

Japan net electricity generation (2000-2017)
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Coal Consumption

cénin

Annual Coal Consumption by Country
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Annual CO, Emissions CEN

New industrial
revolution

BRICS countries

Brasil, Russia,

\ |
‘ : g \
Equator \ A \ : :
0 , ‘ | » \‘ﬁ’i" ! India, China,
? ~ L R :
| | | 2 | South Africa
ANNUAL CO7 EMISSIONS [Py |
China G 2 306 |
United States [N 1433 ‘ | Annual Emissions
; | Scale by latitude ‘ X
Indla - 610 | [ . by country -90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90
Russia [ 465 ‘ (in million metric tons*) O S O A A S A A P P
. ‘3 300000 — Latitudinal 1990 summary of CO, emissions from anthropogenic sources — 300000
Japan B3 Top 10 Countries 0 1000 2000mi | 600 and greater 275000 — 275000
Germany [l 1% e T ‘ 0 1610 3220km | fgggg § 250000 ] = 250000
.o . " \ ¥ t f @ 225000 —| I— 225000
Iran [ 177 (in million metric tons*) \ . ‘ | 50-99 S 20000 . i
Saudi Arabia [l 164 Source: Tom Boden and Bob Andres, Carbon Dioxide 20-49 § 175000 — 175000
South Korea 160 Information Analysis Center, Oak Ridge National Laboratory. less than 20 £ 150000 [ 150000
Gregg Marland, Research Institute for Environment, |_E 125000 I 125000
Canada [l 146 Energy, and Economics, Appalachian State University ] no data *2014data | § 100000 — [ 100000
é 75000 — t— 75000
= 50000 [ 50000
25000 —| I 25000
o T I  § I T | T ] T | T I T I T | T N T | T [ T | T N ] N T | T N T | T 0

-90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90

Pavel Povinec FNCA 2021, 3-4/3/2021, Tokyo (online)




CO, & CH, Growth in the Air CEN
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Temperature Records Célm
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Ice Core Temperature Records (<800 kyr) Cél\m
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Milankovitch Cycles in Sun-Earth Relations cénr¥a)
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Sea ice extent anomaly (106 km2)
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Sea Lever Rise
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Summary on Climate Changes Cém

PAST CLIMATE CHANGES ON THE EARTH WERE
CONTROLLED BY THE SUN

HOLOCENE : too high temperature during 10 kyr - Sun

Recent climate change : anthropogenic — green-house
gases

Next 100 years: - anthropogenic — green house gases ?

- natural — solar activity, a new Little Ice
Age ?

- a combination of both ?

Pavel Povinec FNCA 2021, 3-4/3/2021, Tokyo (online)



IPCC Summary on Climate Change
(Radiative Forcing) CéNm
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Temperature Change: 1680-1780 (' C)
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Sunspot numbers with time — Schwabe 11 yr solar cycle
(Wolf > 1610)
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Cosmic Rays vs Solar Activity cm
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Solar modulation of the
galactic cosmic ray
flux in the heliosphere
and on the Earth

Solar wind

11-yr, 22-yr, 90-yr...
solar cycles

Already detall
Information on

Sun — Earth
impacts is avaiable

23
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Cosmogenic Radionuclides

I
Stratosphere Cosmic Rays
-
"4 l "
spallation products
Troposphere “N (np) “C (7= 18 barns)
4+ 0; O, Photasynthesis Anthropogenic
~
cean-Atmosphere 92 &M% =7~
¢ (02

Produced by interactions
of CRs with atmosphere
(3H, 4C, "Be, "°Be,

26A\, 36Cl, 53Mn, 129],...)

As GCR are modulated by
Sun, they can be used for
solar activity studies

If stored in archives (tree-
rings, ice, sediments,corals,
stalactites/stalagmites),
they can be used for past
solar activity studies
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14C in Tree-rings (1900-1954) cénta)
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14C Bomb Effect
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Solar Modulation of 14C & 1°Be
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Reconstruction of Solar Irradiance Based on Célm
Sunspots and “C Levels
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Grand Solar Minima
Maunder minimum (1645-1715) ; Sporer minimum (1416-1534); Wolf minimum (1282-1342);
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Reconstruction of the Solar Activity
From 1°Be in GRIP Ice Core CéN ™
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Hulu 38O

Palaeomag intensity

14C IntCal2020 (tree rings, corals,...)
and 1°Be (ice cores)

cénin

-10

|
[&)]

10

50000

40000

30000

20000

10000

0

I
S
{‘n"‘;“l‘ﬂ:‘.« It

|
i

%|M i

s ,L ! b ‘ M ) ! ‘w

|
H4

|

M}MwMM\ﬂI

|
H3

|

!

| i 1

H2

H1 | YD

\

if ' cene

arm

Holo-

50000

40000

30000

20000

10000

40

45

0.6

<
~

0

NGRIP 80

1°Be flux

4cBp

49500 [ N N

47500 |-

- 14C calibration curve \
- 50 — 55 kyr (maxim.) ]

AB500 |1

47000

55000

cal BC
48050

' I'nt('3all2(') RS
IntCal13

53000 52000 51000 50000

cal BP

54000

cal BP
Reimer et al., Radiocarbon, 62, 2020

FNCA 2021, 3-4/3/2021, Tokyo (online)

Pavel Povinec



Beagle 2003/04) — Round the Globe expedition
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3H, 14C, 21 in the South Indian Ocean CéN
(ANTARES IV
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Expected Climate Changes
in this Century Cm

Anthropogenic vs. Solar effects
(cosmic rays, aerosols, ozone, CLOUD experiment in CERN)

Further grows of green house gases (CO,, CH,, N,O, fluorinated gases)
and aerosols — also health effects — millions of people are dying per year due to
atmospheric pollution

Further problems:

Anthropogenic: Deforestation, Land use

Natural: Volcanic eruptions, Astronomical effects, El Nino/ENSO, AMO
Permafrost ???

Green house gases vs. past climate changes
Growing (or stable temperature) vs. e.g. Little Ice Age

The end of the Holocene warm epoch ???
Will the Anthropocene continue as a warm epoch ?7?
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IPCC Predictions
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Future Solar Activity Cycles Cél\m

Grand Solar Activity Minima

51 Wolf minimum 1282-1342

Sunspot numbers

Sporer minimum 1416-1534

Maunder minimum 1645-1715
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New 11-yr solar cycle started !!!
What about the next one ?

Will be soon there Super Grand Solar
Activity Minimum, similar to Maunder
minimum ?7??
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