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cnf ﬂle risk that human perturbatnns will d&
stabilize the ES at the planetary scale. Here, the
scientific underpinnings of the PB framework
are updated and strengthened.

RATIONALE: The relatively stable, 11,700-year-
long Holocene epoch is the only state of the ES

Climate change
Genetic )
Biosphere nfegrity **“*% ¢

Functional

diversity/

Land-system ) T || Stratospheric ozone depletion
change ( F ) 1 i

7/ Atmospheric aerosol loading
',
Freshwater use \

Phus:)r‘orus

N\!rngen - Ocean acidification

Biochemical flows

B Beyond zone of uncertainty (high risk) [l Eelow boundary (safe)
In zone of uncertainty (increasing risk) Boundary not yet quantified

Current status of the control variables for seven of the planetary boundaries. The green zone
s the safe operating space, the yellow represents the zone of uncertainty (increasing risk), and the
red is a high-risk zone. The planetary boundary itself lies at the intersection of the green and yellow
zones. The control variables have been normalized for the zone of uncertainty; the center of the
figure therefore does not represent values of O for the control variables. The control variable shown
for climate change is atmospheric CO2 concentration. Processes for which global-level boundaries
cannot yet be quantlﬁed are represented by gray wedges; these are atmospheric aerosol Ioadmg

#h their potentl.al to chang: the state af the
Two of the PBs—climate change and bio-
ere integrity—are recognized as “core” PBs
pased on their fandamental importance for the
. The climate system is a manifestation of the
amount, distribution, and net balance of energy
at Earth's surface; the biosphere regulates ma-
terial and energy flows in the ES and increases
its resilience to abrupt and gradual change.
Anthropogenic perturbation levels of four of
the ES processes/features (climate change, bio-
sphere integrity, biogeochemical flows, and land-
system change) exceed the proposed PB (see the
figure).

CONCLUSIONS: PBs are scientifically based
levels of human perturbation of the ES beyond
which ES functioning may be substantially
altered. Transgression of the PBs thus creates
substantial risk of destabilizing the Holocene
state of the ES in which modern societies have
evolved. The PB framework does not dictate
how societies should develop. These are po-
litical dedsions that must include considera-
tion of the human dimensions, nduding equity,
not incorporated in the PB framework. Never-
theless, by identifying a safe operating space
for humanity on Earth, the PB framework
can make a valuable contribution to decision-
makers in charting desirable courses for socie-
tal development. w
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Figure 1.4 | Radiative forcing of climate change during the industrial era
(1750-2011). Bars show radistive forcing from well-mixed greenhouse gases
(WMGHG), other anthropogenic forcings, total anthropogenic forcings and natural
forcings. The error bars indicate the 5 to 95% uncertainty. Other anthropagenic forc-
ings include aerosol, land use surface reflectance and ozone changes. Natural forcings
indude solar and velcanic effects. The total anthropogenic radiative forcing for 2011
relative to 1750 is 2.3 W/m? (uncertainty range 1.1 to 3.3 W/m?). This correspands to
a CO-equivalent concentration (see Glossary) of 430 ppm (uncertainty range 340 to
520 ppm). {Data from WGI 7.5 and Table 8.6]

1.2.2  Human activities affecting emission drivers

About half of the ¢ i ic €O, issi
between 1750 and 2011 have uccurred in the last 40 years
(high e). C ic CO, emissions of

About 40% of these i issi have
remained in the atmosphere (880 = 35 Glcozl since 1750. The
rest was removed from the atmosphere by sinks, and stored in
natural carbon cycle reservoirs. Sinks from ocean uptake and vege-
tation with soils account, in roughly equal measures, for the remainder
of the cumulative CO, emissions. The ocean has absorbed about 30%
of the emitted anthropogenic CO,, causing ocean acidification.
WGI3.8.1,6.3.1}

Total annual ic GHG issi have i to
increase over 1970 to 2010 with larger absolute increases between
2000 and 2010 (high confidence). Despite a growing number of
climate change mitigation policies, annual GHG emissions grew on
average by 1.0 GtCO,-eq (2.2%) per year, from 2000 to 2010, com-
pared to 0.4 GtCO,-eq (1.3%) per year, from 1970 to 2000 (Figure 1.6)%4.
Total anthropogenic GHG emissions from 2000 to 2010 were the
highest in human history and reached 49 (+4.5) GtCO,-eg/yr in 2010.
The global economic crisis of 2007/2008 reduced emissions only tem-
porarily. {WGIlI SPM.3, 1.3, 5.2, 13.3, 15.2.2, Box T5.5, Figure 15.1}

Global anthrop ic CO,

ions Cumulative CO,
emissions

Quantitative information of CH, and N,0 emission time series from 1850 to 1970 is limited

L M Fossil fuels, cement and flaring
Forestry and other land use

1 T
1950 2000 1750 1750

Year

1970 2011

Figure 1.5 | Annual global anthropogenic carbon dioxide (CO,) emissions (gigatonne of CO,-equivalent per year, GICO, ) from fossil fuel combustion, cement production and
flaring, and forestry and other land use (FOLU), 1750-2011. Cumulative emissions and their uncertainties are shown as bars and whiskers, respectively, on the righi-hand side. The
global effects of the accumulation of methane (CH,) and nitrous axide {N,0} emissions are shown in Figure 1.3. Greenhouse gas emission data from 1970 to 2010 are shown in

Figure 1.6. modified from WG Figure T5.4 and WGHI Figure 75.2}

Forestry and other land use (FOLU)—also referred to as LULUCF (land use, land use change and forestry)—is the subset of agriculture, forestry and other land use (AFOLU)
‘emissions and removals of GHGs related to direct human-induced LULUCF activities, excluding agricultural emissions and removals (see WGH ARS Glossary).

Numbers fmm WGI 6.3 cnrwen:ed into G(CO; unlLs. Small dlﬂerences in (umulauve emissions Irum Workmg Gmup m IVVGHUPME 152 l}are due to different approaches to
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when populations that lack the resources tor planned migration expe-  fraction of anthropogenic climate change resulting from CO, emissions &
rience higher exposure to extreme weather events, such as floods and  is irreversible on a multi-century to millennial timescale, except in the
73
Topic 2 Future Climfte Changes, Risk and Impacts
(a) Atmospheric CO; confidence), and the impact will be exacerbated by rising
2000 n temperature extremes (Figure 2.5b). {WGI 3.8.2, 6.4.4, WGII
h T T T r SPM B-2, 6.3.2, 6.3.5, 30.5, Box CC-OA}
1500 - ; -
= ] ——  RCPEO :
= ] RCP4.5 r Global mean sea level rise will continue for many centuries
haar =it - beyond 2100 (virtually certain). The few available analyses that go
b o beyond 2100 indicate sea level rise to be less than 1 m above the
500_:_,:_,_- ______________________________ - pre-industrial level by 2300 for GHG concentrations that peak and
mom 500 P e man decllr?e :and remain below 500 ppm CO,-eq, as in scenario I_?CP?.G. For
Year a radiative forcing that corresponds to a CO,-eq concentration in 2100
Surface temperature change that is above 700 ppm but below 1500 ppm, as in scenario RCP8.5, the
(relative to 1986-2005) projected rise is 1 m to more than 3 m by 2300 (medium confidence)

(Figure 2.8c). There is low confidence in the available models’ ability
to project solid ice discharge from the Antarctic ice sheet. Hence,
these models likely underestimate the Antarctica ice sheet contribu-
tion, resulting in an underestimation of projected sea level rise beyond

T

T
T T

>

'y 3 1042
D) A e

IPPC 20 eport

m:
&

| A = & 9 &

b
(1]
B




Effect of elevated CO2 on plante

ecosystem
® Stimulation of growth primary production

‘increase plant production
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Figure 1. Five-manth-o'c Graling arborea slants grown in ope top
chambers under ambiert (¢) g elevated (b) CO; concerations. CO;
was sugglied from  bigh pressce CO, eyleees, mected tongh pre-
ssur segulaor 2ad was wonitored by 2 COz aaalyser, The height of

erown lant was ~ 210 om, whil that of he plant growa
ader elevated CC; was ~ 360 em. The ofaer growth cherasteristics of
these plants are shown ia Table 2. Afer screning severt e species
for their growth characteristics under elevated CCy, we Lave selected
G arborsa 1s its rowth was fonadte be very fist i raponse o in-
eteaszd CO; concentratiors.

wp c.hambem (4><4> Lm, F1g\|re ), demonstrated a

From dedy etal,

<0001, <001

altered branching pattern and significant increase in plant
height. We aftribute the positiva comelation between pho-
tosynthesis and the morphological characteristics of
Gmelina o be due to potential sink capacity which s cru-
cial to the understanding of the physiological, biochemi-
cel, genetic and environmental limitatons for the
productivity in plants grown i COy-enriched atmosphere.
‘These potential changes in the growth and development
of Gmelina under elevated COy may also be ascribed to
incresed cell division, cell expension, cell differentiation
and organogenes:s, stimulated by mereasad carbon and
tnore effcient weter use®. W believe that optimal utili-
zetion of resources and wall-balanced source-sink acti-
vity mipht enhance carbon gain i plants prown under
elevated CO». Howaver, the ability of exploiting the extra
carbon by any plant species migat largely be & firction of
its mherent structural and physiclogical ftributes, mfe-
grated with the plasticity of morphological and anatomi-
cel characteristics.

Otter factors which can mfluence plant responses to
elevated CO; are the growth environment, soil nutrition
and the genetic organization of the plant species. The
direct effects of rising CO; on plant growth and mefa-
bolism are a modulation of stomatal concuctance, changes
in carboxylation capacity, and accumulation of phote-
assimalates. Thasz three regulatory mechanisms will have
a wide range of idirect effects on growth and develop-
‘ment of plants, as shown in Figure 2. Davey et al. g esfu-

2010

X Testsposthoc: =50 deTukeyy X Superposercescoraassurunt X MarosoftWord - Juh050- X
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Diaz etal., 1993
Zanetti et al., 1996;
Cheng 1999; hu 200
Schneider et al., 2004;

Garoenicden oAl 2006
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What is the consequences of modification of plant functioning due to
CO2 increase on soil processes ?
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® 2 species

® Sown in September 2016
® CO2 levels (cambiant: 400 ppm; C elevetd=a

ppm)
® 4 replicates

® 3 plants destrﬁm%rarvests
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Two approaches :

1- continuous 13C labeling platform
2- continuous CO2 exchange measurements

b U et oo K
= S & = A {=F/
NS e

Mol e S f




platform (13CQO2)

13C depleted C02 of

fossil-fuel origin

Labeling

Tracing source of respired
carbon in presence of living
plants

ollow humification and
Rhizosphere Priming
Effect
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® Calculation of net
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Effect of eleveted CO2 on total plant
production

Shoot + root biomass along the
©year
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* Globally higher plant
production in
elevated CO2 (p-
value=0,04)

« After summer, no
significant difference
in monocrop
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/ Effect of eleveted CO2 on
roots nroduction

Root biomass production including the
3 harvests a
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Consequences of root exploration on
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RPE
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RPE
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Correlation between
photosynthesis proxy and RPE

cumulative RP vs cumulative RPE cumulative biomass vs cumulative RPE

m y=0.1*X 657.5 n y=43.7*x 2836.7
O ]
Q g p - value = 0,0002 . -g o p-value=0,01 .
£ 7 Spearman G = | Spearman
< R2 =0,77 S R2 =0,63 .
- i © ~ °
O g Yg-
o) S 2
o = 8
£ s LS 2 o ’

o w 2 |
LLl
o &
o

Q
Q
> g 2 8-
E < f_U ~ . - o
S >
E g (] OO [}
S g | O 8 -
O = o G o
I I I T I I I I I I T
40000 50000 60000 70000 20 30 40 50 60 70 80
cumulative RP (mg of C / chambers) cumulative biomasse (g)

More biomass = more RPE

Destocking in monocrop elevated CO2




Conclusion
EJITS 1N mineral v [ OthErS papers

1B Lespsvis 1§ Ouookeom - doi.. Fcebook F Fancehnlls (o Tser e ogposiqer. [ P eruk cio2pa-. %) émoiag DEARRE.. I youabe EJAUTH X, Hore Conneion (B Lot o

sc-hub.oc/10.1111/gch.1

Effect of elevated
’ C0O2 in adequation
q

—
support the project — 1 [ ¢
T —— S In monocrop
i R £ I support the project —
| U CKa4aTb 3aHOBO -—

v In intercop

lapted from Perveen etal., 2014

Soil C storage

* In long term, increase of SOM

B piing it nd it X | Piin i X RPRYECDEIAOATII

— A decomposition [] decrease of soil
stock

£ GOXpaHHTb CTaTbio

‘ support the project —
U CKavaTh 3aH0B0 -

+ Attenuation with legumes

Hu et al., 2001; Dijsktra etal., 2013
Perveen etal., 2014; Nie etal,
Vecteraard eral 207176

Fig 2 Bl o C fresh oranic C 5 nto (C/ o), minerl N @, N







=
” RPE (ma of C / chambers)

24,1

‘ m\‘OHOCfOp C- Close to alpha= 5%
N

nnnnnnn 1 * 1 . ke . .
L N N N N N

UliuLivpy ©

ot
<
<

v

4,43°C 11,65°C 16,15°C 0,49°C 8,37°C 15,77°C 27,98°C  21,32°C
4°C NA 7,23°C

>

Difference between monocrop C+ vs monocrop C-

mowing

Globally higher RPE in monocrop C+ compared to monocrop C-

Sensitivity of extreme temperature higher in monocrop C+ compared
to monocrop C-




i x (B RpABE TN +
- x (SRR +

< Demorsge Do I yosute BIAVTH . Hories

1B Les plusvisités g Outlook.com - david... f Facebook F FranceAntiles '/ Tester et dagnostique... §) Piece renaut chio 2 pa... s
ook F | Fancetiies ) Tesertdagnostoe.. ) icreratcioz e

|
nopepKars poexT — |

‘ b ol g b K
- Suppor e projet [
U CKa4aTb 3aHOBO R R W R
: = supportthe project - |
U oKasah 32H0B0

Oui au départ puis seulement tendance
Suit-on la courbe ? Récolte novembre

Mitigé: sensibilité chaleur
Remise en question du choix de ’espéce

x

Fihir diton Afichage Hstorique Maroue-pages Quils 1

B piing it nd it X | Piin i X RPRYECDEIAOATII
s O\
‘ 4l B WER -3gp=

D@ https fsc-nz/10.11113012453
£ Facebook F Fancentlles . Teser ot dagnostiue... §) Pice enaut cio2pa.. &) Démortage DE/ARRE. [ yc % Fode: Connexion (T Lengage de program.

B Lesplsvisiés 3 Quookcom- dais..

Résultats de bilan de C important
MAIS

Décomposition SOM plus élevée en CO2+

hormis été

TONIEpKaTb NPOEXT —
I

support the project —

£ COXPaHHTb CTaTblo

U CKayarb 3aHoBo

fresh i C (5, SOVbuldes S0V decamposars rto (CrCa ) minera N 0, N

netal., 2014

Fig, 2 Biects of




 CKavaTh 33H0BO

i xSRI IR0 +

£ Facebook F Francehniles

Teste et dagnostique. ) Pece erauit o2 -

MoAAEPKaTL NPOEKT —

support the project —

netal., 2014

i 2 et o COy o lnt bioms ) s ognic C ), SOMbuider SOV esomposer o (C C) €, miersl N @, N

Fihir diton Afichage Hstorique Maroue-pages Quils 1

Prinigefectand it

W Piringefectand i (U RipaRCRB AT +

D@ https fsc-nz/10.11113012453
B Lesplusviiés

Gutzokeom .. f Faceoook F Fuancehnilles 5/ Testet ot dagnosticue.. ) Piscerenaut cio2 pa.

£ COXPaHHTb CTaTblo

U CKayarb 3aHoBo

) Demontage ca/aRez. B y:

£ COXpaHWITS CTaTbi0
U ckavaTh 3aH0BO

Fixation symbiotique du N

x

: 4a 0 tn 7=

1 . Hords: Cornerion {1 Lingage deprogeam.. »

TONAEpKaTh NPOEXT —o

support the project —

Fig, 2 Biects of

fresh i C (5, SOVbuldes S0V decamposars rto (CrCa ) minera N 0, N

chook F Fancetatiles | Tester e agnostie... ) Pice e cio2 .

[ e 0TI X+

< Demorsge Do I yosute BIAVTH . Hories

|
nopepKars poexT — |

supportthe project - |

Aucune différence

atténuation

Résultats de bilan de C important
MAIS
plantation tréfle, décomposition SOM pas
différente
-
Biomasse tres élevé
STOCKAGE ??




‘weaopc.  ETTECE Of eleveted CO2 on
onomren o roots production

onocrop C+

Exemple of root biomass in srping

s B G Ve Wb Seor Bid Diug Tee Hep El
% a6 2 a st

Osaatma s Mewes Senpes T umpad 2 sipssipene ot e s -7 iormet oy =F

B & [swe « 5 Pl 1'/ 9 .
e e * On one year, higher root
2 rir-Teta] boasse-s2, e stfonsitioncecce!,9) - scale HTLuamal oaluesec(payts’ | 0100 4 ohs. of § waridbles 8 4
1 1] biorss in spring ', ¥ ot 5 Values - H
1
productlon in elevated

Qan ‘

wirecstted pacires
test resici

mmsvmsnwmu =C COZ (p-Value=0,002)

Do Bopre | § | gl

ett.testrecclte?_racines-traftenenrs, data=co?_uar) it Boess 130
tukec-TukeyrD(aow], "traitenent; ed<TRIE)
Flak{tuke)
Tk _traite-+3D test{anv], "traft AN, group-T, consals

tge < sumaryse{cod i, essurear-racsleel_racines”, qrouparsrgitenets'))
e

g8Ton(ege, aes x-traitenents, y-recoltel acines, Fil'-raitenents)) +

et sitionosition dodge), stat- ity ) +

e artar sy ecolteracies-se, Jnaerecote_racesise) it , usition-pusticn dodge.4) + scale AT _iaal(as=<('g
ats(tit]e="rons bicness in spring = Treavenems’, = ‘roots bioass (3)")

v
0 >
el
el b | 3 =
2 Vil of sudecized ange: £, 1088 (I H
H
¢ v

1y significan: Diffrence: 14001

Root biomass (Q)

with the same Tetter are mat s%gni ¥ cant’y different.

s, Teatnents and weans
: 5

- 6.7
@ et 3]
b k- (Al
3 o 107

<("traitenents'))

> 10 < sumarySE (col i, measureys
>

10
traftenents N racolred pacines
1 U] 4,190 0,

2
3
'
s

+scale f 7T values=e(

) wrict=, 2, position=position._dodg

inass (q))




	Diapo 1
	Impacts of human activities

	Impacts of human activities on CO2 emissions

	Consequences of human activities
 		climate change
	Effect of elevated CO2 on planted ecosystem
	Diapo 6
	Hypothesis
	Design
	Experimental devices
	Diapo 10
	Diapo 11
	Effect of eleveted CO2 on total plant production
	Effect of eleveted CO2 on
 roots production
	Consequences of root exploration on mineral N in soil
	Consequences of N limitation on RPE
	Consequences of N limitation on RPE
	Consequences of N limitation on RPE
	Consequences of N limitation on RPE
	Correlation between photosynthesis proxy and RPE 
	Conclusion 
Our results in front of others papers
	Diapo 21
	Consequences of N limitation on RPE
	Matching with the model ?
	Matching with the model ?
	Effect of eleveted CO2 on
 roots production

