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Lab presentation

« Measurements of greenhouse gases in aguatic enviroments

* Inland waters, coastal waters, oceanic waters & marine cryosphere
« Versatile, compact and rugged equipment for harsh environments
« Carbon dioxide (CO,) by infra-red & lazer analysers (Li-Cor & LGR)
« Continuous (surface) and discrete (profiles)

* Methane (CH,) by gas chromatography (GC) & lazer analyser (LGR)
* Nitrous oxide (N,O) concentration by GC

* N,O isotopes by lazer spectrometry (LGR)

 Dimethylsulfide (DMS) by GC




Lab presentation

CO, fluxes

coast)

1) CO,in European coastal waters (1996-2001)

in European continental shelves

(North Sea, English Channel, Celtic Sea, Iberian

2) CO, in tropical estuaries (2001-
2007)

CO, data in India, Vietnam, Kenya,
and lvory Coast.

3) CO,, CH, & N,O in
freshwaters (2007-present)

African lakes & rivers




1 — Climate change & global cycles of CO, & CH,
2 — Production of CO, et CH, in rivers

3-CO0O, & CH, in African rivers

4 — Comparaison with Meuse

5— A few words on African Lakes



1 — Climate change & global cycles of CO, & CH,
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Temperature anomaly (°C) relative to 1961-1990
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Observed globally averaged combined land and ocean (b)
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Figure SPM.1 | (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel:
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean
of 1961-1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary
Supplementary Material. {Figures 2.19-2.21; Figure TS.2}
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Temperature anomaly (°C) relative to 1961-1990
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Observed globally averaged combined land and ocean
surface temperature anomaly 1850-2012
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Figure SPM.1 | (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel:
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean
of 1961-1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary
Supplementary Material. {Figures 2.19-2.21; Figure TS.2}
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Carbon dioxide (CO,)
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Global anthropogenic CO, fluxes in 2010 (PgC y* =10* gC y1)

9.1#0.5 PgC y* 5.0£0.2 PgC y-!
50%

24%
2.4%0.5 PgC y-!

Average of 5 models

www.globalcarbonproject.org/
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Global anthropogenic CO, fluxes in 2010 (PgC y* =10* gC y1)

Atmosphenc CO at Mauna Loa Observatory
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Cold water absorption of CO, (Henry’s Law)
dense (deep-water formation)

long-term storage (coupled to CaCO, dissol.)

Cold saline
deep current
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Why is the terrestrial biosphere a CO, sink ?
= reforestation

Woodland as a percentage of land area in England
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2.7

2.2

1.6

1.1

CO, emissions (GtC yr1)

0.5

CO, emissions (GtCO./yr)

The top four emitters in 2013 covered 58% of global emissions
China (28%), United States (14%), EU28 (10%), India (7%)

Data: CDIAC/GCP
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China’s per capita emissions have passed the EU28 and are 45% above the global average

Data: CDIAC/GCP
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CO: emissions per capita vs GDP per capita (international-$), 2014

Carbon dioxide (CO:) emissions per capita (tonnes per year) vs GDP per capita (int.-$). The size of the bubbles represent
population size.

£ L0G
« Trinidad and Tobago Qatar
‘ Kuwait
7 O Unitell States
_ , eRussia Ogan
10t China ) apang o rmany  Singapore

2 @ *e ¥ United Kingdom
ezuela
l * o Slovaklahan

Our World
in Data

= Africa
® Asia
Europe
m North America
= Oceania
= South America

H : 5 Switzerland
: Uzbekista® @ JMex@@g witzerlan
S & ° @ - A
5 India Jamaica 'Ecuadar_ z
= denesia Panama
£ o & Jorop @ ® 8 Costa Ric
o 2 L .
3 Lesotho 5 Philififines .
o 1t Zimbabwe z Y an.‘ s, °Sn Lanka
o °s » "Maurita# Nigéiia
P e g o Bang@desﬂ )
7 : b, vanmar
Z Mozdhbique  Nepalg~ o ¢udan
£ @ [ ) @ ®
o Libena ©
= » *Guinea
8 e Uganda
Niger * Ethidpia®
0.1t e ®
Malawi Mali
e > oo
Burundi Chad
b °
$1,000 $10,000 $100,000
Penn World Table 9.0 (Real GDP at chained PPPs in 2011US$) £ LOG
» 1950 p—

Source: Penn World Table 9.0 (2016), CO2 emissions per capita by nation - CDIAC (2017)
Note: GDP (intl-$) presented as real GDP (2011) values
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY-SA



Introduction

Carbon dioxide (CO:) emissions per capita (tonnes per year) vs GDP per capita (int.-$). The size of the bubbles represent
population size.

CO: emissions per capita vs GDP per capita (international-$), 2014
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CO: emissions per capita vs. the share of people living in extreme poverty, 2013
in Data

Average CO: emissions per capita are measured in tonnes per year. Extreme poverty is defined as living at a consumption (or
income) level below 1.90 "international-$" per day. International $ are adjusted for price differences between countries and price
changes over time (inflation).
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Methane (CH,)
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Mauna Loa, Hawaii, United States (MLO)
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(CH,) Methane (nmol mol™)
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Mauna Loa, Hawaii, United States (MLO)

Introduction

® ® MLO CH, Carbon Cycle In Situ Observatory Monthly Averages

(CH,) Methane (nmol mol™)

[
~
o
o

« | cannot explain it

Data analysis by a climate-scientist:

but it should contain knowledge »

. L . . . ] . . . L .
2000 2004 2008
Year

2012

ESRL/GMD - 2016-fune-25 06:09 am




Introduction

(CH,) Methane (nmol mol™)
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Sources and sinks of CH, in Tg CH, yr?

Soils (28) Natural sources = 337
Stratospheric Cl (25)

Stratospheric loss (51)
Natural wetlands (217)
Tropospheric OH- (528) Freshwaters (40)
Geological-land (36)
% Wild animals (15)

Sinks = 632 Termites (11)

Oceans (18)

‘ Cattle (101)
Land fills & waste (63)
F

—
——

Rice (36)
ossil fuels (96)

Atmospheric Biomass & biofuel burning (35)

growth (2012) = 12

Anthropogenic sources = 331

Kirschke et al. (2013) Nature Geoscience, 6, 813-823
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Sources and sinks of CH, in Tg CH, yr?
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Cattle (101)

Atmospheric

growth (2012) = 12

Kirschke et al. (2013) Nature Geoscience, 6, 813-823
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POUR LA PRODUCTION D’UN KILO

Emissions de gaz
a effet de serre
En kg équivalent CO,

Quantité d'eau
nécessaire
En litres

Terres
nécessaires
En m?
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Sources and sinks of CH, in Tg CH, yr-
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Kirschke et al. (2013) Nature Geoscience, 6, 813-823
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Sources and sinks of CH, in Tg CH, yr-
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Kirschke et al. (2013) Nature Geoscience, 6, 813-823
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Sources and sinks of CH, in Tg CH, yr-

\\‘ Natural wetlands (217)

‘

Kirschke et al. (2013) Nature Geoscience, 6, 813-823
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peatlands
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2 — Production of CO, et CH, in rivers
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- CO, and CH, come from the degradation of organic matter
- Occurs in the river or in soils
- Transport by surface runoff and groundwater

[CO,] Turbulence = f(wind, current)
Water A
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Spatial patterns in CO, evasion from the global
river network

Ronny Lauerwald'??, Goulven G. Laruelle'?, Jens Hartmann®, Philippe Ciais’, and Pierre A. G. Regnier’

CO, emissions from rivers = 0.6 PgC yr-!
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Global anthropogenic CO, fluxes in 2010 (PgC y* =10* gC y1)

9.1#0.5 PgC y* 5.0£0.2 PgC y-!
50%

24%
2.4%0.5 PgC y-!

Average of 5 models

www.globalcarbonproject.org/
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Spatial patterns in CO, evasion from the global
river network

Ronny Lauerwald'??, Goulven G. Laruelle'?, Jens Hartmann®, Philippe Ciais®, and Pierre A. G. Regnier’

CO, emissions from rivers = 0.6 PgC yr-
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Spatial patterns in CO, evasion from the global

river network

Ronny Lauerwald'??, Goulven G. Laruelle'?, Jens Hartmann®, Philippe Ciais’, and Pierre A. G. Regnier’
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GHGs in lakes
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3-CO0O, & CH, in African rivers
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Congo river
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Azolla pinnata

Eichhornia crassipes
« water hyacinth »

Vossia cuspidata
« Hippo grass »

Salvinia auriculata




Siliciclastic and
unconsolidated
sed.
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Cruises & Methods

Long-term average water height at Kisangani (1912-2014)
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Congo & other African rivers



Results
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African rivers/streams
COZ + CH4 =04 PgC yr_l (COZ equivalents)

African rivers/streams + Cuvette Centrale Congolaise
COZ + CH4 =1.0 PgC yr-l (COZ equivalents)



Global anthropogenic CO, fluxes in 2010 (PgC y* =10* gC y1)
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www.globalcarbonproject.org/
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4 — Comparaison with Meuse
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5—A few words on African Lakes



On going research in Lakes Edward, George, Victoria, Tanganyika
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