Carbon Cycle 1]

Table of contents
1. Introduction to carbon
o Goal of the class
o Whatis carbon?
2. Carbon Reservoirs
o In this part you will have an overview of the different carbon reservoirs or carbon pools.
3. Carbon cycle
o Here you will see short carbon cycles, and long carbon cycle.
4. Anthropogenic activities and carbon cycle

o You will see the anthropogenic causes of the carbon cycle disruption and the
consequences on the biosphere and on human organizations.

1. Introduction to carbon

1.1. Why are we talking about carbon?

Nature

e There are interactions between nature, the
technosphere and human organizations.

e This cycle is disturbed by anthropogenic
activities.

Technical
system
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1.2. What is the link with the project?

Technical system
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1.3. What will you learn?

e Know the different resevoirs of carbon and how the carbon cycle works.

¢ Know the anthropogenic causes of the disruption of the carbon cycle.

The competences developed are:

e systemic thinking

e critical thinking

1.4. What is carbon?

Carbon Cycle

q Définition

“Carbon : the building block of life. You may have heard this sentence, but have you fully considered
what it really means? All living things are made of elements, the most abundant of which are, oxygen,
carbon, hydrogen, nitrogen, calcium, and phosphorus. Of these, carbon is the best at joining with other
elements to form compounds necessary for life, such as sugars, starches, fats, and proteins. Together,
all these forms of carbon account for approximately half of the total dry mass of living things.”

Carbon A

Carbon atom model, diamond and graphite
(Sundqvist, 2021)

Tatiana Reyes, Paul Robineau, Lou Grimal, Claudine Gillot, Kunzhang GUO

57



Carbon Cycle
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Figure : Phase diagram of carbon taken from
http://cds.cern.ch/record/691793/files/project-note-78.pdf

1.5. Reminder : Earth’s Layers

. Exosphere
Earth’s = Dhsmorsbars
!dmlllﬂm

Layers L suowphe

ithosphere
Crust 0-100km Asthenosphere
thick

Video to watch

https://www.youtube.com/watch?v=QCKr-rP_o5U

2. Carbon Reservoirs

2.1. The concept of reservoir

Feedback Cycles of the Carbonate-Silicate Cycle

~ Surface

Greenhouse
Temperature — Effect

1

ilicat — Atmospheric
Silicate o2

Weathering rate

Rainfall

Reservoir Reservoir Reservoir
1 2 3

source : Wikipedia
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2.2. Carbon reservoirs

Kerogen
13000 000 GT

° Solid carbonates °
— 50 000 000 GT

Mantel
310 100 000 000 GT

Reservoir 1 : Atmosphere

Carbon Cycle

The global carbon-cycle showing the different reservoirs
for carbon and the exchanges between reservoirs in GT
(109) . The arrows represent natural processes of carbon
transfer between atmosphere and earth.

e (O
2
e CH
4
o
Reservoir 2 : Ocean
)
e 24 of the Earth’s surface.
e store and transporte heat.
e making the atmosphere warm and moist.
¢ enable life to flourish in the sea and on land.
TE (1) pe e e e e e e
How water compares Implications for the ocean
Property Definition with other substances and climate system
Specific heat capacity ~ Heat required to raise Highest for all liquids Limits temperature range
temperature of a unit and solids (except over the Earth.
mass by | K. NH:).
Latent heat of Heat required to Highest. Phase changes are
evaporation evaporate a unit mass. important for the
storage and release of
heat.
Solvent power Ability to dissolve Highest. Ocean has a high storage
substances. of dissolved elements,
including nutrients.
Surface tension Attraction of liquid Highest. Bubbles and drops form,
surface to itself. which enhance the

air-sea transfer of
water and gases.

Conduction of heat Transfer of heat between  Highest of all liquids. Heat easily transferred,

molecules.

although turbulence
usually dominates.

Molecular viscosity Resistance to flow. Less than most liquids. ~ Ocean easily circulates

over the Earth.

e CO, (aqueous),

e H,CO;3 (carbonic acid),
e HCOj3 (bicarbonateion),
o CO32_ (carbonate ion).
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Carbon Cycle

DIC =[CO,(aq)] + [H,CO3] + [HCO3 ]+ [CO32_]

Reservoir 3: Solid carbonates or carbonates rock

Calcite or calcium carbonate, CaCO5

Photographs of typical seep carbonate rocks.

Layers of sedimentary rock in Makhtesh Ramon

Xi, Shichuan, Xin Zhang, Zengfeng Du, Lianfu Li, Bing Wang, Zhendong Luan, Chao Lian, et Jun Yan.
2018. « Laser Raman Detection of Authigenic Carbonates from Cold Seeps at the Formosa Ridge and
East of the Pear River Mouth Basin in the South China Sea ». Journal of Asian Earth Sciences 168
(décembre) : 207-24. https://doi.org/10.1016/j.jseaes.2018.01.023

Reservoir 4: Biomass (oceanic and continental)

archaea nematodes
A 7GtC B - 2 Gt C

annelids
Ji b e Polysaccharides

0.002 Gt C

e Protein

fish
0.7GtC
arthropods:
M als o Ll p | d S
0.007 Gt C
— |
protists’ furlgi cnidarians  livestock ~ humans
4GtC 12GtC 2GtC 0.1GtC 01GtC 0.06GtC

Graphical representation of the global biomass distribution by taxa.

Bar-On, Yinon M., Rob Phillips, et Ron Milo. 2018. « The Biomass Distribution on Earth ». Proceedings of
the National Academy of Sciences 115 (25): 6506-11. https://doi.org/10.1073/pnas.1711842115.
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Reservoir 5 : Soil

RRou UL
[ o

Main inputs:
Litter and roots

Carbon Cycle

950 GtC is inorganic carbon.

Credit: Antonio Jordan (distributed via imaggeo.egu.eu)

1500 Gt is organic carbon.

Dignac, Marie-France, Delphine Derrien, Pierre Barr , S
bastien Barot, Lauric C cillon, Claire Chenu, Tiphaine
Chevallier, et al. 2017. Increasing Soil Carbon Storage:
Mechanisms, Effects of Agricultural Practices and
Proxies. A Review Agronomy for Sustainable
Development 37 (2) : 14. https://doi.org/10.1007/s13593-
017-0421-2.

| Organic matter turnover (EN) = renouvellement de la

Labile pool
Turnover time: i
Day-year 5 "
f -.
H ) il
H Intermediate pool 7
E Turnover time:
i Years-decades
1
i
i
|
H
L
Qutputs:

CQ; and soluble C

Fig. 1 Conceptual pools of soil C depending on its turnover time: labile,

intermediate and stable pools

Leaf and root
litter
|1 | Complex compounds

\  Lignin, cellulose,
\  hemicellulose 1 simple compounds

Plant and microbial

4 | stable carbon pool

A 2 |Microbial factory.
o ? ? |
Microbial
ecommunity o g@ /

Partly decomposed plant material
Extracellular metabolites

n‘ Naylor D, et al. 2020,
038 Annu. Rev. Environ. Resour. 45:29-59

matiére organique (FR)

shoots (EN) = pousses (FR)

Figure : Soil carbon (C) cycle through the microbial loop.
Carbon dioxide (CO2) in the atmosphere is fixed by plants (or
autotrophic microorganisms) and added to soil through
processes such as @ root exudation of low-molecular weight
simple carbon compounds, or deposition of leaf and root litter
leading to accumulation of complex plant polysaccharides. @
Through these processes, carbon is made bioavailable to the
microbial metabolic “factory” and subsequently is either ©
respired to the atmosphere or @ enters the stable carbon pool
as microbial necromass. The exact balance of carbon efflux
versus persistence is a function of several factors, including
aboveground plant community composition and root exudate
profiles, environmental variables, and collective microbial
phenotypes [i.e., the metaphenome (19)].

Naylor, Dan, Natalie Sadler, Arunima Bhattacharjee, Emily B.
Graham, Christopher R. Anderton, Ryan McClure, Mary Lipton,
Kirsten S. Hofmockel, et Janet K. Jansson. 2020. « Soil
Microbiomes Under Climate Change and Implications for
Carbon Cycling ». Annual Review of Environment and
Resources 45 (1): 29-59. https://doi.org/10.1146/annurev-enviro
n-012320-082720.
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Carbon Cycle

Reservoir 6 : Kerogen

@ Figure. Photomicrograph of kerogen. This is the

! sapropelic Kimmeridge Coal (Upper Jurassic) from
Dorset, UK. Cross-sections of bivalves are ubiquitous,
and carbonized plant detritus is also visible. Reproduced
with permission from Selley RC (2000) Applied
= Sedimentology, 2nd edn. London: Academic Press.

Structure of a vanadium porphyrin compound (left) extracted
from petroleum by Alfred E. Treibs, father of organic
geochemistry. The close structural similarity of this molecule
and chlorophyll a (right) helped establish that petroleum was
derived from plants

Kvenvolden, Keith A. 2006. « Organic Geochemistry - A Retrospective of Its First 70 Years ». Organic
Geochemistry 37 (1): 1-11. https://doi.org/10.1016/j.orggeochem.2005.09.001.

Reservoir 7 : Mantle

OCEAN ISLAND OPHIOLITE CONTINENTAL RIFT CONTINENTAL ARC MID-OCEAN RIDGE ISLAND ARC
© Atmosphere Gk POttt
Sk ? \ difsion
ﬁ Silicate weathering degassing
. g Terrestrial Biosphere
Sediment . ?

Ocean

A Lithosphe :
. Upper Mantle ‘ g Carbon-bearing
s . kw.__ W 4

sediments.

: VTR‘AN;IT\DN ZONE "
N - Super-decp
MANTLE PLUME jamonds

Carbon 1
— in Deep Earth

Reservoirs of carbon at approximate
relative sizes (diameter is a log scale)

* Fluxes of carbon

. Lower Mantle

‘The mantle contains
carbon in reduced and
oxidised forms, in fiuid

‘and mineral states.
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Carbon Cycle

3. Carbon cycle

3.1. Short cycle
a) Carbon cycle : Short cycle part 1

SHORT CYCLE

Atmosphere (primarily CO,)

a -

v A 4

Oceans

Land Biosphere (Dissolved CO, and
(organic carbon) organic carbon)

Hydrosphere - atmosphere exchanges

Atmosphere (primarily CO,)

F

S| = g

Land Biosphere (Dissolved CO, and
(organic carbon) organic carbon)

\
I
)

Dissolution of atmospheric CO2 in the ocean and degassing of CO2 from the ocean to the atmosphere
e Exchange of 300 GT of CO2 per year;

e Residence time = quantity of the element in the reservoir / sum of the flows of contribution in
the reservoir.

Video to watch :
Henry's Law and Gas Solubility Explained https://www.youtube.com/watch?v=9JtTpPEesOk

At constant temperature and saturation, the partial pressure in the vapor phase of a volatile solute is
proportional to the mole fraction of that body in the liquid solution.

So the higher the temperature, the less CO, is soluble, and the more carbon is redistributed to the
atmosphere.

For a given amount of carbon in the ocean+atmosphere, the amount of CO, in the atmosphere
increases if the temperature increases.

CO, control : CO, balance in the hydrosphere
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Carbon Cycle

CO,(g) + H,0 < COs(aq) + H>0

CO,(aq) + H,0 < H,CO;

_[H,CO,]
P

o,

H,CO; + < H + HCO;5

Ko

HCO;, © H + C032_

Ocean pH Prevailing form

pH<5 H.CO

2 3

H7-8
" HCO,

pH>9

DIC = [CO,(aq)] + [H,CO3] + [HCO3 ]+ [CO5%]

OCEAN CARBON UPTAKE
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Carbon Cycle

b) Carbon cycle : Short cycle part 2

Diversion and leakage in the hydrosphere-atmosphere physical exchanges

There is a diversion of carbon flux from the atmosphere to the ocean through the weathering of rocks.

Weathering

Atmosphere (primarily CO,)

3 & ——
\

) Oceans
Land Biosphere (Dissolved CO, and | Inorganic
(organic carbon) organic carbon)

To know more about weathering of rocks : https://www.youtube.com/watch?v=sk B_A2sfBcY

Greenhouse
gases

temperature \
@ Weathering

Precipitation

1 Productlvrty
- & biomass

Egratth’s internal : / @tectonics IE.‘:".L.;, o
- " .. N I e
There is a leakage of carbon from the hydrosphere to the lithosphere : the formation of carbonates.
CaCO;

1 Gt of calcite per year.

CaCOs

CaCO;

Brow calcite crystals Calcite veins

Calcium carbonate solubility
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Carbon Cycle

CaCO; < Ca®™ + COy*

have

[Ca®" present][COZ~ present]

~ need for saturation

[Ca’" needed|[CO?~ needed]

Q Calcite Q Aragonite
o0 1 2 3 4 50 1 2 3 4 5
0 L M " M L "
: e P G Q> 1 Precipitation
1000y i Ll & e .
é."." .‘- Q=1 Equilibrium
g % I' 1 "5 - Q<1 Dissolution
= HE ¢
f.-,, 30004 i‘ -1 "3 - Modern Sea Surface Q = 2-5
a $ g . .
40001 Bt -4 K - Sea surface is supersaturated with respect to CaCO3, but
® & . C .
5000, ;é o— atantic | B —e— atantic | calcium carbonates are not constantly precipitating.
.’E —@— Pacific ! { —o— Pacific
6000, : . r v : v ’ ’

To precipitate calcium carbonate :

(®) Therefore €CaCO, precipitates (3 H,C0, breaks apart

A

CaCo; (s) + H,CO; (ag) = Ca?* (ag) + 2HCO;™ (aq)

(@) Reaction shifts toward left
to replace lost bicarbonate

CO, (g) +H,O (1)

/

@ Remove CO,
(e.g. into atmosphere)\ .
@ Decrease pressure OR increase temperature
to drive gas out of solution (PV=nRT)

(http://www.luckysci.com)

CaALSi,O, + 3H,0 + 2CO, = AL,Si,0.(OH), +[Ca2+ + 2HCO; }

bicarbonate ion

Anorthite Kaolinite

with Ca* + HCO, e CaCO, + H,CO,

CaAbSizog i 2H20 s COz = CaCO3 + Aleles(OH)4

G = T e ] Photozoan
o o < -
e, o 2. {Le P e \ > G Corals inie positon = Platy corals
D { < 2 ‘ o 2 ¥ Branching corals Green aigae
Benthic carbonate factory °m
(deposited in shallow seafloor) -
<@ Heterozoan
g @8 Red aigae/
& Q'_ LN o nwa:z G Gastropods

Pelagic carbonate factory @ Bivaes & Plankic toraminfera

(deposited in deep seafloor) =
fr Echinoderms <> Benthic foraminifera

Figure. Main tropical marine biogenic carbonate producers and carbonate

Sge, Servicio Geologico Colombiane. 2019, « Chapter © ».

factories with respect to water depth.
38. Bogotd: Servicio Geolagico Colombiana.

[EARTH FORMS 4.6 BILLION YEARS AGO

Foraminifera
Corals

Coccolithophorales
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Carbon Cycle
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c) Carbon cycle : Short cycle part 3

Photosynthesis and respiration

From atmosphere to biomasse continental and oceanic

Atmosphere (primarily CO,)
| .
4 y'Y Photosynthesis
440 Gt of CO, per year, shared equally between the
oceans and the continents.
) Oceans
Land Blosphere (Dissolved CO, and
(organic carbon) organic carbon)

Oxygenic photosynthesis

6CO; + 12H,0 + light energy === CgH;,04 + 60, + 6H,0

carbon  water glucose oxygen water
dioxide
Anoxygenic photosynthesis

CO; + 2H,A + light energy === [CH,0] + 2A + H,0

carbon  electron carbohydrate water
dioxide  donor*

*H,A = H,0, H,S, H,, or other electron donor

From biomass to atmosphere

Atmosphere (primarily CO,)

e Breathing 90°

1l 1] e Natural combustion 10°

Oceans
(Dissolved CO, and
organic carbon)

Land Biosphere
(organic carbon)

Aerobic respiration chemical reaction :
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Carbon Cycle

CcH,,0¢ + 60, — 6H,0 + 6CO, + energy
(glucose + oxygen — water + carbon dioxide + energy)

Redox potential [mV]

+810 aerobic respiration 0, +4H" + 4e"— 2H,0

+750 + denitrification (nitrate ion) NO, +6H* + 6e'— '/, Ny+ 3H,0

+510 mangane (IV) reduction MnO, + 4H* + 2’ — Mn 2+ + 2H,0
+200 iron (lll) reduction Fe(OH), + 3H* + e — Fe 2*+ 3H,0
-220 + sulphate (IV) reduction S0, %+ 10H* + 8¢ — H,S +4H,0
-240 + CO, reduction to methane CO, + BH* + 8e"—> CH, + 2H,0

(methanogenesis)

soil carbon (2,300)

fossil carbon (10,000)

d) Carbon cycle : Short cycle part 4

Organic carbon leakage to lithosphere :kerogen formation

Atmosphere (primarily CO,)

A -~
i i v
. Oceans
Land B'IOSphefe (Dissolved CO, and
(organic carbon) , organic carbon)

A
Lithsophere
Glacial grinding Atmosphere i . i i
- o Figure : Organic carbon cycle with the flow of kerogen

o Heogen "“’"‘:L""’““ (black solid lines) and the flow of biospheric carbon
$50-130qCkyr  Sedimentary 9 (green solid lines) showing both the fixation of
atmospheric CO2 by terrestrial and marine primary

productivity. The combined flux of reworked kerogen

l and biospheric carbon into ocean sediments constitutes

Kerogenreburial 0-10rkyr total organic carbon burial entering the endogenous
™ kerogen pool (Galy et al., 2015; Hedges and Oades,

Uplift
Erosion
150 PgC/kyr

Ice rafting

<«

Kerogen
15,000,000 PgC

Subduction "
Metamorphism Diagenesis Total organic carbonburial 199 7) .
150 PgCkyr
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Carbon Cycle

COMPACTION, LITHIFICATION, DIAGENESIS
UNCONSOLIDATED SEDIMENT TURNS INTO HARD
SEDIMENTARY ROCKS
River depositing sediment

- Q’U&jk:
g S e e :)0808 - Grains loosely packed. Lots ;

of space between grains,
filled by water,

1. - Compaction

|- * Grains compacted to fit together ~ -
[*— more tightly. Water squeezed out

Increasing pressure

5. .5 5 " Davidson 4.25
Similar to snow turning to ice

More sediment

Plankton and clay
floating in water

accumulates over the
plankton-rich layer
and compresses it.

The red arrow indicates pressure, which
increases as burial depth increases.

sink and accumulate.
—

.0
. - Plankton
O,-poor water

5¢c R4 R
Organic-rich mud As temperature increases,
turns to black kerogen turns to oil.
shale. Under heat The oil rises.
and pressure,
kerogen forms.

15°C — 5 m m
Source rock
80°C

Time

e) Conclusion of the short cycle

Ocean carbon cycle

& =
— ey Auto and
factory

emissions

Sunlight
/ \~ CO, cycle

« Plankton uses
carbonate
fo produce

its limestone:
protection
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Carbon Cycle

3.2. Long cycle

Long carbon cycle

750 GT
Land Biota Surface oceans Ocean Biota
610GT 970 GT 36T
Kerogen L / \ \ /
13 000 000 GT s
fe— Soil ¥
1580 GT l
00000 eT
— 310100 000 000 GT |
Photosynthesis P ‘rﬁ Silicate weathering
CO, | . .
Burial | ] dcjsoz?‘linn l. C02 + CaS|O3 <-> CaCO3 + S|02
MB&:;‘;’;ZQ:"“T T Dgeess [T 2.C0O, +H,0<->CH,0+0,
Weathering | in sediments
Berner, Robert A. 2003. « The Long-Term Carbon Cycle,
Volganism Fossil Fuels and Atmospheric Composition ». Nature 426
Subduction Subduction (6964): 323-26. https://doi.org/10.1038/nature02131.
c
PLATE BOUNDARIES

DIVERGENT

-~

Contact and regional metamorphism
at plate-collisional mountain ranges

CO, + CaSi03 <->CaC05 + Si0,

Contact Metamorphism Vs. Regional Metamorphism http
s://www.geologypage.com/
Burial metamorphism in

deep sedimentary rocks  Metamorphism due to thrust  Hydrothermal metamorphism
faulting in collision zones at mid-ocean ridges
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Carbon Cycle

Trap rock forming a characteristic pavement, Giant's Causeway, Northern Ireland (left)

Three Devil's Grade in mid-Moses Coulee , USA (right)

Doy
y

~
1,11,
i
V17 /y/i”_/C0x uptake (silicate
Y /// g/ weathering) ~—-

/ CO: release (organic =60
- Cweathering)

atmosphere

SR s,

U ocean
organic SEs
carbon burial CaCOs

Figure 1.8 Schematic figure of the long-term carbon system involving the exchange of carbon between the atmosphere, ocean and
terrestrial systems on geological timescales. Carbon is transferred from the atmosphere to ocean sediments via chemical weathering.
where acidic rain reacts with silica rocks, forming calcium and carbonate ions washed out to sea, which precipitate and form calcium
carbonate sediments: CO; + CaSiO3 — CaCOj + SiO;. Subduction of ocean crust below continents leads to eventual melting,
releasing carbon dioxide contained within any organic carbon or calcium carbonate in the sediments through volcanic emissions,
hydrothermal vents or mantle plumes. For a detailed discussion of the chemical and geological processes, see Berner (1999); drawn
by K. Lancaster.
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4. Anthropogenic activities and carbon cycle

4.1. Disruption of the carbon cycle-causes
a) Observation of disruption of the carbon cycle

CARBON DIOXIDE OVER 800,000 YEARS

450
400

T 350

(=%

o

g 300

=
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T 250
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o

a8

g 200
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Atmospheric carbon dioxide concentrations (CO2) in parts per million (ppm) for the past 800,000 years. On
the geologic time scale, the increase to today’s levels (orange dashed line) looks virtually instantaneous. Graph
by NOAA Climate.gov based on data from Lithi et al,, 2008, via the NOAA NCEI Paleoclimatology Program.
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Carbon Cycle

“Recent increases in global averaged temperature over

the last decade already appear to be outside the normal

variability of temperature changes for the last thousand

years. A number of different analyses strongly suggest

that this temperature increase is resulting from the

increasing atmospheric concentrations of greenhouse

gases, thus lending credence to the concerns about

much larger changes in climate being predicted for the
coming decades.” (Wuebbles, 2001)

b) Source of the disruption

« Human-related emissions from fossil fuel use have been estimated as far back as 1751. Before 1863,
emissions did not exceed 0.1 GtC/year. However, by 1995 they had reached 6.5 GtC/year, giving an
average emission growth rate slightly greater than 3% per year over the last two and a half centuries.
Recent growth rates have been significantly lower, at 1.8% per year between 1970 and 1995. Emissions
were initially dominated by coal. Since 1985, liquids have been the main source of emissions despite their
lower carbon intensity. The regional pattern of emissions has also changed. Once dominated by Europe
and North America, developing nations are providing an increasing share of emissions. »

« Physical processes and feedbacks caused by land-use change, that may have an impact on the climate,
include changes in albedo and surface roughness, and the exchange between land and atmosphere of
water vapour and greenhouse gases [see section 4, chapter 7]. [...] Land-use change may also affect the
climate system through biological processes and feedbacks involving the terrestrial vegetation, which
may lead to changes in the sources and sinks of carbon in its various forms [see chapter 3)]. » (IPCC, 2001)
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Figure 3. Changes in anthrome areas from 10,000 BCE to 2015 CE for all time intervals in the Anthromes
12K dataset. Relative global areas are indicated using stacked bars, which add up to the total global
land area, not including Ice, uninhabited, which showed no significant changes over time.
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4.2, Disruption of the carbon cycle-environmental issues

a) Consequences on the Earth System

| Changes in the

Hydrological Cycle

Changes in the Atmosphere:
Composition, Circulation
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Solar Inputs,
‘ﬁ, 7
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Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

Changes in/on the Land Surface:
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of the global climate system (bold), their processes and interactions (thin arrows) and some aspects

Figure 1.1: Schematic view of the P
that may change (bold arrows).

Figure: Schematic representation of negative (a: o ®

regulating effect on the system) and positive (b: runaway .
effect on the system) feedback loops. : 0 ositive retroacti : :

) . » ) : , ® ez |
An arrow with a "+" indicates a positive correlation |: ® g
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b) Feedback loops

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle

Changes in
Solar Inputs
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H,0, CO,,CH,, N,O, O;, etc.

Aerosols
Atmosphere-lce Precipitatien
Interaction Evaporation

Terrestrial
Radiation

Heat
Exchange Wind
Stress

Land-
Atmosphere
Interaction

Land Surface

L

Soil-Biosphere
Interaction
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Figure 1.1: Schematic view of the components of the global climate system (bold), their processes and interactions (thin arrows) and some aspects

that may change (bold arrows).
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Carbon Cycle
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Carbon Cycle

1. Rising temperatures
create drier conditions
< inforests, milder winters
.~ that lead to lower
snowpack, higher pest
populations, and longer
fire seasons.

2. Larger burned area from
fires result from more
dried out and dead
vegetation, which acts as
atinderbox of fuel that is
easily sparked by lightning
or people.

Y

3. Emissions from fires

over expanded are
er,and more

Source: Global Forest Watch. .

" WORLD RESOURCES INSTITUTE
moue WATCH

Heavy
precipitation

Atmospheric CO,
Figure 1 | Processes and feedbacks triggered by extreme climate events.  dashed arrows show indirect impacts. The relative importance of the impact

The extreme events considered are droughts and heatwaves, heavy storms,  relationship is shown by arrow width (broader arrows are more important).
heavy precipitation and extreme frost. Solid arrows show direct impacts;

Feedback loop 6 : focus biodiversity

¢ Climate change = main cause of biodiversity loss
* Preserving biodiversity = mitigating climate change
e /I\technological solutions to mitigate climate change can have negative impacts on biodiversity

e Same causes: our socio-economic way of life

INDIRECT FACTORS DIRECT FACTORS
determin... lead to... and influence...

Invasive species
Direct »

exploitation

(fisheries, forests,
» etc.) o
Pollution aggravate life
including fossil each other quality
fuels

Land/sea use
change
(deforestation,
fish farming, etc.)

»
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Carbon Cycle

Anthropocene Atlas, Gemenne

Interesting source : https://ipbes.net/sites/default/files/2021-06/20210609_workshop_report_embargo

_3pm_CEST_10_june_0.pdf

4.3. Disruption of the carbon cycle-social issues

a) Social impacts

e Migrations

e Wars

El-Hinnawi (1985): « those people who have been forced
to leave their traditional habitat, temporarily or
permanently, because of a marked environmental
disruption (natural and/or triggered by people) that
jeopardize their existence and/or seriously affects the
quality of their life ».

Climate Refugees

>

Climate Refugees

» &

‘Table 4: Typology of Potential Migrations

Direct Climate Indirect Climate Type of ‘Time Span
Changes Changes Movement
Gradual climate Chronic disasters Seasonal labour | Seasonal
change such as drought, migration.
degradation Temporary
circulation
Gradual climate Chronic disasters- Contract Yearly
change drought/ labour
degradation migration
Sudden or gradual | Natural disasters/ Forced/distress | Temporary
climate change severe drought/ migration
Famine/Floods
Sudden or gradual | Extreme Permanent Lifetime
climate change Temperatures/ migration

Sea Level Rise

(Partially adapted from Kothari, 2002:20)

e 1951 Refugee Convention: refugee = from political persecution (UN)

e “Climate Change Displaced People” : people whose habitat is threatened or is already at risk of

being extinguished due to climatic change (Hodgkinson et al., 2009)

e “Climate refugees” or “forced climate migrants”
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Carbon Cycle
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AND REFUGEE CAMPS 5 |
NORTH %, £

DARFUR |

o \\
6R]-Fashir
CHAD 2 SUDAN
®
Kas \
Nyala® © -y Conflict
DARFUR | NY U O Within Darfur.
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-'——-‘—|?’ ___ International
07, 100200 km AFRICAN REPUBLIC © Encyclopaedia Britannica, Inc. boundaries

~— State boundaries

Britannica, The Editors of Encyclopaedia. "Darfur". Encyclopedia Britannica, Invalid Date, https://www.
britannica.com/place/Darfur. Accessed 15 September 2021.

LIBYA Vs il .

The complex ethnic distinctions in Darfur are perhaps
less important than the contrast between agriculturalists
and pastoralists. The relationship between the two is
governed by competition for land and water resources,
which can be affected by short- and long-term climate
change (whether random, cyclical or greenhouse-

‘ T < ¢ \
| Omdurma — ',/ ERITREA
| KHARTO@’*‘ wér—\.\\\ Kassala O

induced), both in terms of absolute availability and \ (ke
. \ / Al-Qaddrif
geographical extent of the resources. M| QLT

Al-Ubayyid
)

P
Jeffrey Mazo (2009) Chapter Three : Darfur : The First %

Ad: ma\z\in gr>
Modern Climate-ChangeConflict, The Adelphi Papers, ’\]\7
49:409, 73-86, DOI: 10.1080/19445571003755538 e
SOUTH SUDAN
Armed Conflicts Q Définition

3 elements (Sakaguchi, 2017):
1. There are correlation between climate change and
violence but no robust conclusion.
2. There are weak empirical support to the link between climate change and violence
3. Methodologies used in the different students have an impact on results

« Migration is generally considered to be the intermediate stage which links environmental degradation
and disasters to conflict (Homer Dixon, 1991 and 1994) »

(Assessing the Impact of Climate Change on Migration and Conflict, Raleigh)

I High Vuinerability for Floods [ High Vuinerabiity for Drought

‘Table 3: Areas Highly Vulnerable to Disasters in Near Future

Droughs Floods Wind Storms
Burkina Faso Afghanistan Bangladesh
Mozambique Bangladesh Madagascar
Rwanda Malawi Mozambique
Somalia Mozambique

Tanzania Nepal

Nigeria
Somalia
Sudan
Tanzania
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4.4, Conclusion

Natural resources Human security
water water
land adaptation food

ecosystems Y energy
biodiversity impact health
marine resources @ income
bl S & livelihood
nonrenewables 6‘0 @ % % livelihoo

& S 2,

C L %,

S . 2.

s %

sustainability
stress

) resilience

%% } NG
2, 6"( & 5
i 4-,L % @

Climate system %, ¢ Societal stability
temperature political events
precipitation risk nmigration

extreme weather e violence

ice cover mitigation conflict
ocean currents cooperation
sea level institutions

Fig. 1. Analytical framework of linkages between the climate system, natural resources, human
security, and societal stability [based on (28)].

Scheffran, 2012 based on Scheffran, 2009
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