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Lab presentation

 Measurements of greenhouse gases in aquatic enviroments

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

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

N,O isotopes by lazer spectrometry (LGR)

Dimethylsulfide (DMS) by GC




Introduction

How important are emissions of greenhouse-gas
from inland waters ?
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Global carbon dioxide emissions from
inland waters

Peter A. Raymond', Jens Hartmann®*, Ronny Lauerwald®>*, Sebastian Sobek**, Cory McDonald>, Mark Hoover!,
David Butman'®, Robert Striegl®, Emilio Mayorga’, Christoph Humborg®, Pirkko Kortelainen®, Hans Diirr'°, Michel Meybeck'?,

Philippe Ciais'* & Peter Guth"

Carbon dioxide (CO,) transfer from inland waters to the atmosphere, known as CO, evasion, is a component of the global
carbon cycle. Global estimates of CO, evasion have been hampered, however, by the lack of a framework for estimating
the inland water surface area and gas transfer velocity and by the absence of a global CO, database. Here we report
regional variations in global inland water surface area, dissolved CO, and gas transfer velocity. We obtain global CO, evasion
rates of 1.8 7032 petagrams of carbon (PgC) per year from streams and rivers and 0.327032 PgCyr™" from lakes and
reservoirs, where the upper and lower limits are respectively the 5th and 95th confidence interval percentiles. The
resulting global evasion rate of 2.1PgCyr~" is higher than previous estimates owing to a larger stream and river evasion
rate. Our analysis predicts global hotspots in stream and river evasion, with about 70 per cent of the flux occurring over just
20 per cent of the land surface. The source of inland water CO, is still not known with certainty and new studies are needed to

research the mechanisms controlling CO, evasion globally.

Raymond et al. (2013)
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Global anthropogenic CO, fluxes in 2010 (PgC y-!' = 101> gC y-1)
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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’

'Department of Earth and Environmental Sciences, Université Libre de Bruxelles, Brussels, Belgium, 2Institut Pierre-Simon
Laplace, Paris, France, *Institute for Geology, University of Hamburg, Hamburg, Germany, “Department of Earth Sciences-
Geochemistry, Utrecht University, Utrecht, Netherlands, >LSCE IPSL, Gif Sur Yvette, France

Abstract O, evasion from rivers (FCO,) is an important component of the global carbon budget. Here we
present the first global maps of CO, partial pressures (pCO,) in rivers of stream orders 3 and higher and the
resulting FCO, at 0.5° resolution constructed with a statistical model. A geographic information system based
approach is used to derive a pCO, prediction function trained on data from 1182 sampling locations. While
data from Asia and Africa are scarce and the training data set is dominated by sampling locations from the
Americas, Europe, and Australia, the sampling locations cover the full spectrum from high to low latitudes.
The predictors of pCO; are net primary production, population density, and slope gradient within the river
catchment as well as mean air temperature at the sampling location (r?=0.47).The predicted pCO, map

was then combined with spatially explicit estimates of stream surface area A, and gas exchange velocity k
calculated from published empirical equations and data sets to derive the FCO, map. Using Monte Carlo
simulations, we assessed the uncertainties of our estimates. At the global scale, we estimate an average river
pCO, of 2400 (2019-2826) natm and a FCO, of 650 (483-846) Tg C yr ' (5th and 95th percentiles of confidence
interval). Our global CO, evasion is substantially lower than the recent estimate of 1800 Tg Cyr ' although the
training set of pCO; is very similar in both studies, mainly due to lower tropical pCO, estimates in the present
study. Our maps reveal strong latitudinal gradients in pCO,, Ajyer and FCO,. The zone between 10°N and 10°S
contributes about half of the global CO, evasion. Collection of pCO, data in this zone, in particular, for African and
Southeast Asian rivers is a high priority to reduce uncertainty on FCO,.

Lauerwald et al. (2015)
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Raymond et al. (2013)
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pCO, = 277,076 ppm ?
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Raymond et al. (2013) & Lauerwald et al. (2015) used pCO, computed

from pH and total alkalinity

]
Technical Note: Large overestimation of pCO, calculated from pH
and alkalinity in acidic, organic-rich freshwaters

G. Abrill2, S. Bouillon?, F. Darchambeau?, C. R. Teodoru®, T. R. Marwick?, F. Tamooh?, F. Ochieng Omengo?,

N. Geeraert’, L. Deirmendjian!, P. Polsenaere!, and A. V. Borges*
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Where’s the river/lake CO, coming from ?
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Plumbing the Global Carbon Cycle:
Integrating Inland Waters into the
Terrestrial Carbon Budget
J. ]. Cole,’ Y. T. Prairie,”* N. F. Caraco,” W. H. McDowell,® L. J. Tranvik,*

R. G. Striegl,” C. M. Duarte,® P. Kortelainen,” J. A. Downing,®
J. J. Middelburg,” and J. Melack,"’
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CO , evasion
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Biogeosciences, 16, 769-784, 2019
https://doi.org/10.5194/bg-16-769-2019

© Author(s) 2019. This work is distributed under
the Creative Commons Attribution 4.0 License.

Biogeosciences

Ideas and perspectives: Carbon leaks from flooded land: do we need
to replumb the inland water active pipe?

Gwenaél Abril'-> and Alberto V. Borges®
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Replumbed active pipe
2.6C 1.37(3.1¢) 0.2h(0.69) 0.82 (2.1°) air

Land

v (3.2) Inland waters 2 0.9 Ocean
Wetland —_ ?

| N b
0.01i (0.89) 0.22 (0.69) sediment

Fluxes in PgC yr-



Introduction

Amazon River carbon dioxide outgassing fuelled
by wetlands

Gwenaél Abril"?, Jean-Michel Martinez?, L. Felipe Artigas®, Patricia Moreira-Turcq?, Marc F. Benedetti*, Luciana Vidal®,

Tarik Meziane®, Jung-Hyun Kim’, Marcelo C. Bernardes®, Nicolas Savoye', Jonathan Deborde', Edivaldo Lima Souza®,
Patrick Albéric'®, Marcelo F. Landim de Souza'' & Fabio Roland®
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nature _
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Globally significant greenhouse-gas emissions
from African inland waters

Alberto V. Borges'*, Francois Darchambeau’, Cristian R. Teodoru?, Trent R. Marwick?,
Fredrick Tamooh?3, Naomi Geeraert?, Fredrick O. Omengo?, Frédéric Guérin?, Thibault Lambert’,
Cédric Morana?, Eric Okuku®® and Steven Bouillon?
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Variations of dissolved greenhouse gases (CO;, CH4, N2O) in the Congo River
network overwhelmingly driven by fluvial-wetland connectivity

Alberto V. Borges"”, Francois Darchambeau'"”, Thibault Lambert"”", Cédric

5 Morana?, George Allen®, Ernest Tambwe*, Alfred Toengaho Sembaito®, Taylor
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Congo river
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Congo

Azolla pinnata

Vossia cuspidata
« Hippo grass »

Salvinia auriculata

Eichhornia crassipes
« water hyacinth »
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Cruises & Methods

Long-term average water height at Kisangani (1912-2014)
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ﬂ Freshwater Biology -

Freshwater Biology (2017) 62, 87-101 doi:10.1111/fwb.12851

Phytoplankton dynamics in the Congo River

JEAN-PIERRE DESCY*', FRANCOIS DARCHAMBEAU', THIBAULT LAMBERT,
MAYA P. STOYNEVA-GAERTNER?, STEVEN BOUILLONY AND ALBERTO V. BORGES'
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CO, emission from Congo rivers-streams
FCO, = k HApCO,

FCO, air-water CO, flux

H Henry’s constant = f(temperature)

ApCO, = air-water gradient of pCO, (measured)
k = gas transfer velocity

k = f (flow velocity; slope)

Limnologyand Oceanography

FLUIDS SENVIRONMENTS

ORIGINAL ARTICLE

Scaling the gas transfervelocity and hydraulic
geometry in streams and small rivers

Peter A. Raymond,’ Christopher J. Zappa, David Butman,' Thomas L. Bott,* Jody Potter,*
Patrick Mulholland,® Andrew E. Laursen,® William H. McDowell,* and Denis Newbold?




CO, emission from Congo rivers-streams
Stream surface area = length x width
length = Hydrosheds
width = Remote Sensing

River Width
30m
300 m
1 km

.Skm

Cuvette Centrale
L Congolaise (CCC)

I Lakes/Reservoirs

I Flowlines

Science

Global extent of rivers and streams

George H. Allen* and Tamlin M. Pavelsky



CO, emission from Congo rivers-streams
=251 TgC yr-1

Net ecosystem exchange (NEE) Congo forests + savannahs
=77 TgC yr1

222

Export of C from soils to rivers
= 2-30/0 Of N E E Global Change Biology (2011) 17, 1167-1185, doi: 10.1111/}.1365-2486.2010.02282.x

Dissolved carbon leaching from soil is a crucial

for lerra firme fO rests component of the net ecosystem carbon balance

REIMO KINDLER*1"?, JAN SIEMENS*§*?, KLAUS KAISER}, DAVID C. WALMSLEY}
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CO, emission from Congo rivers-streams
=251 TgC yr1

Mostly sustained by C leaked from wetlands ?

Export C from flooded forest in Amazon (Abril et al.)
-
Surface of flooded forest in Congo
=400 TgC yr



Congo & other African rivers
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Congo versus Amazon



Catchment area (km?)

Slope (°)

Discharge (km® yr™)

Specific discharge (L s km™)
Precipitation (mm)

Air temperature (°C)
River-stream surface area (km®)
Wetland surface area (%)

Above ground biomass (Mg km™)

Land cover
Dense Forest (%)
Mosaic Forest (%)
Woodland and shrubland (%)
Grassland (%)
Cropland/Bare soil (%)

Amazon Congo
6,025,735 > 3,705,222
1.4 0.6
5,444 1,270
29 11
2,147 1,527
24.6 23.7
74,904 26,517
14 10
909 748
83 49
4 18
4 27
5 3
4 2
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Amazon _________________Congo

Flooded land = 80 % flooded forest Flooded land = 100 % flooded forest
Numerous permanent & temporary lakes Only a few large permanent lakes

Seasonally inundated wetlands Permanently inundated flooded forest
Flooding from river overflow Wetland water from upland runoff

Macrophytes only present in floodplains  Extensive macrophyte meadows in river
channels (mainstem + tributaries)

Explains why CH, is 3-4 times higher in Congo



Using gas transfer velocity + river/stream areas from GIS of
Raymond et al. (2013)
+ GLWD (Lehner & Doll 2003)

10,000
O Mainstem Small
O Large tributaries tributaries
A Small tributaries r?=0.96 A . . .
8,000-| Amazon CO, emissions from tropical
A : - -1
S rivers = 1.8 PgC yr
—g 6.000 Betsiboka
’ 7 Rianila L
8 tributaries Raymond et al. (2013)
o m =055 1.4 PgC yr1
Q  4,000- gLy
Q
Mainst
© 2ogaq Lauerwald et al. (2015)
20007 0.5 PgC yr-
0 . :
0 5 10 15

Wetland fraction of catchment (%)



Further Reading

www_nature.com/scientificreports

SCIENTIFIC REPi{;}RTS

VPEN Divergent biophysical controls of
aquatic CO, and CH, in the World's

two largest rivers

Alberto V. Borges*, Gwenaél Abril*3, Francois Darchambeau?, Cristian R. Teodoru®,
Jonathan Deborde?, Luciana O. Vidal5, Thibault Lambert* & Steven Bouillon*

Received: o7 July 2015
Accepted: 29 September 2015

Published: 23 October 2015




Acknowledgments

Belgian Science Policy Office

SN :: European
X x Research
erc Council

LA LIBERTE DE CHERCHER b e I S p 0







