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Cykl weglowy, azotowy, zmiany w sktadzie atmosfery.

Sktad atmosfery zmieniat sie zawsze.

Czy jest sie czym przejmowac?
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GLOBAL | CARBON Anthropogenic perturbation of the global carbon cycle

\ PROJECT
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Perturbation of the global carbon cycle caused by anthropogenic activities,
global annual average for the decade 2012-2021 (GtCO,/yr)
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Keyworth, Nottingham British Geological Survey 2005

Volcanic Contributions to the 5 Present day volcanic carbon flux estimates
Global Carbon Cycle

Terrestrial volcanism occurs within both the hydrosphere and atmosphere. Submarine and
Sustainable und Renewable Encrsy subaerial volcanism originate almost entirely within different tectonic environments (as outlined
REERIRECRI above), tapping different, although not entirely exclusive volatile sources, shown schematically
in Figure 2, below.
INTRAPLATE VOLCANISM  pESTRUCTIVE
CONSTRUCTIVE MARGIN  '‘motas s PRI

i 80-132 Mtyr Subduction related

Figure 2. Diagrammatic representation of the different volcanic environments with estimates of CO> emission rates
and their relationship to plate tectonic environment.



Anthropogenic CO, multiplier (ACM)
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(a) Unperturbed carbon cycle fluxes (b) Industrial era CO, emissions
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Termostat weglowy — tempo wietrzenia skat zalezy of temperatury.

3. Wietrzenie skat

CaSiO; + CO, (5 = CaCo; + SiO,
2. CO, rozpuszcza sig rozpuszczone jony weglanowe sptywajg
w wodzie tworzgc do oceanu
1. Wulkany R weg!c;wy :

emitujg CO, o

4, Odkt:a\danie w wapieniach

6. Metamorficzne odweglenie i materiale organicznym

(CaCO, + SiO0, — CaSiO, + CO,) 5. Subdukcja skat

wyzwolenie CO, wapiennych i osadowych



(a) Atmospheric CO, concentrations
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llustracja 1.2.11. Rekonstrukcja zmian koncentracji CO, w atmosferze w ostatnich 400 min lat. UWAGA:
skala czasowa nie jest liniowa. Panele a-b) na podstawie r6znych wskaznikow klimatycznych (niebie-
skie kropki odpowiadajg konkretnym pomiarom, a linia — dopasowanej do nich krzywej, czerwona
wstega pokazuje zakres, w ktorym faktyczny przebieg zmian temperatury miesci sie z prawdopodo-

bienstwem 68%, a wstega r6zowa odpowiada prawdopodobienstwu 95%, panel c) rdzenie lodowe,
panel d) rdzenie lodowe i obserwacje.
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promieniowania stonecznego w ostatnich 420 mlin lat. Czerwona obwoddka pokazuje niepewnos$¢, z jaka wyznaczono
wymuszenie, wynikajacg z niepewnosci danych o stezeniach COz jak na ilustracji 1.2.11 Uwaga: skala czasowa nie jest liniowa.
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Rekonstrukcje paleoklimatyczne:

Czarne — wymuszenia orbitalne,
Zielone — wymuszenia CO2 (na podstawie rdzeni
lodowych)

Czerwone — temperatura w tropikach (cienka linia —
rekonstrukcje paleoklimatyczne, szerszy pas —
odtworzenie w modelach klimatu).

Fioletowe — temperatura Antarktydy (cienka linia —
rekonstrukcje paleoklimatyczne, szerszy pas —
odtworzenie w modelach klimatu).

Zielone — odwrotnos¢ masy czap lodowych
(rekonstrukcja paleoklimatyczna na podstawie 6180 w
osadach dennych)

Niebieskie — poziom morza (cienka linia —
rekonstrukcje paleoklimatyczne, szerszy pas —
odtworzenie w modelach klimatu).



CO; Concentration (ppm)

Global Stations

Carbon Dioxide Concentration Trends
Data from Scripps CO2 Program  Last updated April 2024
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http://ds.data.jma.go.jp/gmd/wdcgg/
http://scrippsco2.ucsd.edu/
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Drivers
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GLOBAL | CARBON Global carbon budget
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Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean
The “imbalance” between total emissions and total sinks is an active area of research
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Global carbon budget

GLOBAL CARBON
. PROJECT

o

The cumulative contributions to the global carbon budget from 1850
The carbon imbalance represents the gap in our current understanding of sources & sinks
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GLoBAL | CARBON Total global emissions

Total global emissions: 43.0 = 3.3 GtCO, in 2019, 56% over 1990
Percentage land-use change: 39% in 1960, 14% averaged 2010-2019
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6LOBAL | CARBON Global Fossil CO, Emissions

PROJECT

Global fossil CO, emissions: 37.1 + 2 GtCO, in 2021, 63% over 1990
Projection fgr 2022: 37.5 = 2 GtCO,, 1.0% [0.1% to +1.9%] higher than

2021
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GLOBAL| CARBON Emissions Projections for 2022

PROJECT

Global fossil CO, emissions are projected to increase by 1.0% [0.1% to 1.9%] in 2022
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GLOBAL | CARBON Energy use by source

PRO ECT

Consumption of energy from fossil sources bounced back in 2021, but oil is still subdued.
Renewable energy continued to grow, but needs to grow even faster to replace fossil energy consumption.

Annual global energy consumption
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cLosAL | cARBON Fossil CO, Emissions by Sector
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Global fossil CO, emissions are dominated by electricity, heat, & energy (45%), industry (23%), & national transport
(19%). International aviation and marine bunkers are 3.5% & remaining sectors 10%.

Fossil CO, emissions by sector
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Przyszie emisje z paliw kopalnych
wedtug réznych scenariuszy w modelach
Klimatu:

rozktad w czasie w wartoSci
skumulowane.

RCP — Representative Concentration
Pathways

(a) . Global average surface temperature change o
’ " " ] 20812100
— hastorical gl
— Rerae I
— REPHS & ]
£
g

L
2050 2100

. - -
1950 2000 2050 2100 §E 5a
gsi
(c)
g =
= B
£ g7
&
£
& EE
2
76 €
1950 2000 2050 2100

2100

30C T F L 2@ & &2 & nh T = 510 L
E Fossil-fuel emissions 2
251 ]
L 1000 1
o0 RIGR GO, pewys frpm) — CMIP5 mean o
F  800F —— RCP8S - - |AM scenario 1
P RCP6.0 i ]
M L 600} RCP4.5 4
5. 15¢ — RACP26 A oA
= 10:— 200 - ALY B
L 1850 1900 1950 2000 2050 2100 ull %\ L% o
'5 : L L 1 L i L 1 L L L 1 M L L " 1 M :
1850 1900 1950 2000 2050
Years
2000+ ] ] o =
- Cumulative fossil-fuel emissions 1
F Emm Historical emission inventories (1860-2005) n
r BN RCPS.5 (2006-2100) 1
1500  mmm RCPS6.0 (2006-2100)
T mem RCPA4.5 (2006-2100)
[ EEW RCP2. (2006-2100)
%)
L ]
& 1000 _ M
= [ 8 . woo 9
[ 2 2 € z B
I T W = 0 !
500 ' !
0 l“_ll




FAQ 5.4: What are Carbon Budgets?

The term carbon budget is used in several ways. Most often the term refers to the total net amount of carbon dioxide
(CO,) that can still be emitted by human activities while limiting global warming to a specified level.

Historical budget €&———
GtCO, already emitted between 1750-2019

2560
GtCO,

——2 Remaining carbon budget
GtCO, in line with keeping
global warming to 1.5°C or 2°C

l(5oo ) GtCO,

67% Probability 50%

. (1350) GtCO,

This remaining carbon budget

can increase or decrease

depending on how deeply

we reduce greenhouse gases 1.5°C
other than CO,

7/ .
s

(Gt = billion tonnes) 2°C
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Gtowne procesy naturalne odpowiedzialne za usuwanie dwutlenku wegla z
atmosfery po nagtym wzroscie koncentracji tego gazu w atmosferze.

Box 6.1, Table 1 | The main natural processes that remove CO, consecutive to a large emission pulse to the atmosphere,
their atmospheric CO, adjustment time scales, and main (bio)chemical reactions involved.

Processes Time scale (years) | Reactions

Land uptake: Photosynthesis—respiration 1-10? 6C0, + 6H,0 + photons — CgH,,0¢ + 60,
CeH1,05 + 60, — 6C0, + 6H,0 + heat

Ocean invasion: Seawater buffer 10-10° CO, + CO3* + H,0 = 2HCO;

Reaction with calcium carbonate 103-104 CO, + CaC0; + H,0 — Ca?* + 2HCO;

Silicate weathering Vs 104-106 CO, + CaSi0, — CaCo, + Si0,

/

to + emisje wulkaniczne + tworzenie poktadow
wegla organicznego = wolny cykl weglowy



Tempo (skale czasu) usuwania dwutlenku wegla z atmosfery.
SposoOb oszacowania: stata czasowa spadku CO2 po nagtym wzroscie koncentracji tego gazu w
atmosferze.

Ocean invasion
Land uptake

L T &

Ocean invasion Reaction with CaCO,

4000 _
~ 3000 F i
S q !
- [ e
2000 £ i e o
- Atmosphere e | Reactions with
1000 1F __-..........-_...._.____.___: igneous rocks
E = — —»
0 Eniiinie i SRR e e e ] (B G | e i i LU ol Lot S
0 50 100 150 200 500 1000 1500 2000 4000 6000 8000 10000

Time (Years)

FAQ 6.2, Figure 2 | Decay of a CO, excess amount of 5000 PgC emitted at time zero into the atmosphere, and its subsequent redistribution into land and ocean
as a function of time, computed by coupled carbon-cycle climate models. The sizes of the colour bands indicate the carbon uptake by the respective reservoir. The first
two panels show the multi-model mean from a model intercomparison project {Joos et al., 2013). The last panel shows the longer term redistribution including ocean
dissolution of carbonaceous sediments as computed with an Earth System Model of Intermediate Complexity (after Archer et al., 2009b).



Czy wiecej CO2 w atmosferze oznacza wiekszg produkcje roslinng?

Zmiary NDWVI

BN | ey
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pr p. p~ pr

Zmiany wskaznika NDVI (Normalized Difference Vegetation Index) w okresie 1982-2008. Globalne ocieplenie zmniejsza
produktywnosc roslin. W miare jak przybywa dwutlenku wegla, na pétkuli pétnocnej rosng wartosci wskaznika NDVI (obszary
oznaczone na mapie kolorem zielonym), co oznacza zdrowa i rozwijajaca sie pokrywe roslinng. Jednak zjawisko to nie wystarcza,
by skompensowaé ubytek pokrywy roslinnej na pétkuli potudniowej (obszary malejgcych wartosci NDVI, oznaczone na mapie
kolorem brazowym). Globalnie roslinnosci na $wiecie ubywa. Zrédto: de Jong i in. (2012).
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[lustracja 2.17.11. Po lewej: Pogladowo przedstawiona zalezno$¢ tempa fotosyntezy od koncentracji CO2 dla réznych typéw
fotosyntezy. Po prawej: Zalezno$¢ tempa fotosyntezy dla r6znych roslin od temperatury powierzchniowej warstwy gleby.



Historical forest carbon balance,
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CANADA'S MANAGED FOREST CO2

ten-year running average trend lines :: MCO2 per year

FOREST CO2 SINK
absorbing 160 MtCO2/year
160 ® average for 19905

"Net flux"
net CO2 removed

[from atmosphere by
managed forests.,

MiCO2

Tipping point

FOREST CO2 SOURCE

emitting 24 MtCO2/year

-3 averoge for 2010s
2000 2010 2020 2030

CANADA MANAGED FOREST & LOGGING COZ - Data from Canada's National lnventary Reaors, All
lines are 10-year running averapes. Gresn Fne & area is nel CO2 absorbad by Canede’s manaped
fores! [ends E:Eﬂ fiix in Table B-3). Solid brown fine is carbon contant of harvested wood each ylhaar.
aupressed g5 CO2 [Tinsiant odafion accounting” for HWP poal inputs in Teble B-T). This Is how
Canada used fo raport HWP amissions. The dashed brown line is COZ emittad each year by wood
harvastad in &Eiaw "End of usa accounling” now isted as "HWP”). Dotted brown line s Fcrzlaj?eéuns
fram MR Can. RT by Bamy Saxifrage at ViswalCarbon.org & NeSonalObsenver.com. April 2021



PERSPECTIVE ECOLOGY

The growing challenge of vegetation change

than T. Overpeck’, David D. Breshears®
+ See all authors and affiliations

Science 21 May 2021:
Vol. 372, Issue 6544, pp. 786-787
DO 10.1126/science.abi%902

Rapid tree loss around the world

Global tree decline is attributed to commodity-driven deforestation (9), loss by wildfire (1), and drought- and
heat-related mortality (often associated with pests and pathogens). The latter two are affected by increasing
atmospheric moisture demand that drives forest stress. Forested areas are shown with tree heights ranging

from 5 m (lightest green) to greater than 60 m (darkest green).
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Forest carbon stock per region
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GLOBAL LAND SINK

The quantity of carbon absorbed by trees and other types of vegetation per hectare of land
has risen in the past 50 years as anthropogenic carbon dioxide and nitrogen emissions
have grown. This is despite the world's forest area falling by around 2% since 1990.

L IO
=

@

&

z 8

o Anthropogenic

= emissions

&

) E‘ ................................................................................................................................................................................................
2

E? Land absorption

(=]

£

L Linear trend

S

IS

Q

E

=T,

0 I I I I | | | | I I |
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010



Nie tylko lasy — opcje sekwestracji wegla.

Carbon Sequestration Options

Power Station
Terrestrial Sequestration with CO; Capture

Geologic Disposal

Unmineable] Depleted Oil
Coal Beds | or Gas Reserve

Enhanced Recovery
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Zakwaszenie oceanow
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Energy production

Agro-ecosystem
Effects
Crop — Animal

Groundwater
Effects @

Nitrogen
Cascade

“Kaskada azotowa” -
zmiany jakie
powoduje w cyklu
azotowym kazdy
atom przeksztatcony
z nieaktywnej formy
N2 do formy
reaktywnej
chemicznie — biorgcej
udziat w procesach
biologicznych i
chemicznych w
systemie
klimatycznym
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Global fertilizer Nr demand (Tg N yr")

Zaburzenia w cyklu azotowym wskutek dziatania rolnictwa — rozkfad
czasowy emisji | wartosci skumulowane.
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Jak bedzie sie zmienia¢ depozycja zwigzkow siarki i azotu.
SO, deposition (kgS km? y) N deposition (kgN km2 yT)
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Szybko przekraczamy granice
planetarne....
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Podsumowanie;

Problem z weglem: CO, i CH, powazny.

Ale nie jedyny...
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