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CH, emissions from lakes & rivers are significant
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Rosentreter et al (2021) doi:10.1038/s41561-021-00715-2
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Introduction

CH, emissions from lakes & rivers are significant but highly uncertain
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« Humic-centric » of view of C cycling in lakes
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Langeveld et al. (2020) doi: 10.1007/s42452-020-03290-0
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Why tropical lakes ?

Warm (obviously) and productive
Primary production less variable seasonally
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Why tropical lakes ?
Warm (obviously) and productive

Primary production less variable seasonally
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African lakes
Why Africa ?

Biggest concentration of large lakes after Laurentian Great Lakes
66% of the total surface area of tropical lakes (>0.1 km?)
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Land cover

Flooded forest
Rain forest
Savannah

Surface area

Victoria 67,000 km?
Lac Vert 0.2 km?2

Max depth

Tanganyika 1,470 m
Nyamunuka 0.1 m

0 250 500

Borges et al. (2022) https://doi.org/10.1126/sciadv.abi8716



FNRS Contact Group "Geochemistry“

28 May 2025 African lakes

Surface CH, in African lakes

Victoria (n=79) —
Tanganyika (n=52)
Malawi —
Albert (n=12) —
Kivu (n=65)

Edward (n=46)

Mai Ndombe (n=1) —
Tumba (n=1) —
George (n=7)

Alaotra (n=15)
Kamohonjo (n=9) -~
Ndalaga (n=2) —
Nyamusingere (n=9)
Kyamwinga (n=1)
Mbita (n=2)

Lukulu (n=2)

Yandja (n=1)
Mbalukira (n=2) —
Nkugute (n=3) —
Nyamunuka (n=1)
Kitagata (n=1)

Mrambi (n=1)
Kyashanduka (n=1)
Katinda (n=5)

Lac Vert (n=2) —

>104

=
o
v

108-10%

1051

1043

10-103

103

1024

1-10

1013

Surface dissolved CH, (hmol L'l)

100- LR | RN | RN | RN | UL | e T T T T
0.1 1 10 100 1,000 10,000 0.1 1 10 100 1,000
Lake surface area (km?) Lake average depth (m)

<1

o
N
S%
0000000000 ***¥%¥O0000

Borges et al. (2022) doi:10.1126/sciadv.abi8716



FNRS Contact Group "Geochemistry“

28 May 2025 African lakes

Surface CH, in African lakes
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Upscaling diffusive CH, emissions in African lakes

CH, concentration

‘ Total diffusive CH,
\ - [ G5 ] _>[ emissions (TgCH, yr-1) ]
depth

Upscaling ebullitive CH, emissions in African lakes

Litterature Total ebullitive CH,
[ Compil. ] - [ ClS ] _>[ emissions (TgCH, yr-1) ]

Borges et al. (2022) doi: 10.1126/sciadv.abi8716



FNRS Contact Group "Geochemistry“

28 May 2025 African lakes

20 ' ' = Ebullitive
- L [ Diffusive

CH, emission
from African lakes
(TgCH4 yr™h)

* rescaled as African lakes = 66% of tropical lakes

Borges et al. (2022) doi: 10.1126/sciadv.abi8716
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CH, emissions from African lakes

This study Ebullitive 1.4  TgCH,yr |25.0 gCH./m?lyr
Diffusive 0.4  TgCHJyr | 2.1  gCH,/mlyr
Total 1.8 TgCH,/yr
Total lake surface area 209,394 km?
Littoral zone (<10m) 56,063 km
Bastviken et al (2011) | Ebulitve 45  ToCHJyr [38.9  gCH/milyr
Diffusive 2.0  TgCHJyr | 55  gCH/mlyr
Total 16.6  TgCH,/yr

_[Total lake surface area * 373,254 km? ]
* rescaled as African lakes = 66% of tropical lakes

Borges et al. (2022) doi: 10.1126/sciadv.abi8716
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CH, emissions from African lakes/rivers
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Surface pCO, in African lakes
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Surface pCO, in African lakes
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CO, emission
from African lakes
(TgCyr™)
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Borges et al. (2022) doi: 10.1126/sciadv.abi8716
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CO, emissions from African lakes

This study Diffusive Flux 3.3 TgClyr 15.9 gC/m2/yr
Average pCO, ppm
Total lake surface area | 209,394 km?

Raymond et al (2013) Diffusive Flux 356 TgClyr gC/m2/yr
Average pCO, 934 ppm
Total lake surface area | 222,062 km®

Borges et al. (2022) doi: 10.1126/sciadv.abi8716



FNRS Contact G "G hemistry“
i Amazon headwaters
a . b
Napo River b |1 :
0 = P
. "'.! t
Elevation ol o
~ 4000m
~170m 30°S - = = L
10°S -
&
20°S
60;’W 80°W 70°W 60°W 50°W

Sampling stations
O Main-stem
B Tributaries

Elevation (m)
By 6700

o

78°W 77°W 76°W

Chiriboga & Borges (2023) doi: 10.1038/s43247-023-00745-1



IIG H 111
ggll;ﬂin;(;lztgct Group "Geochemistry Amazon headwaters

80002‘ - _
= ? 4 2000 -
~ | i _
2 6000 S ®
= \‘ = \‘
[y
@) - | = O
O 4000 @\ ~ _O\ O n
1000
o \ O L \ 1
2000 > - © \\
@ ° © 5
@ raw @ el
0 0 Y 7 SEASR T
0 5 10 15 20 25 0 5 10 15 20 25

Catchementslope (°) Catchement slope (°)



FNRS Contact G " Geochemistry*“
i Amazon headwaters
CO, CH, [ O S
emissions ]
2
| | — | GIS | —
[ CH, emissions ]
slope slope
for Amazon bassin
50 L ' 0.4 ' L
(7] (7]
S 40- 2 z 72%
c () c o 0.3 —
°© S ~ o =
n o w0 =
—_ 30_ - >
LA < 0 L -
WS 2 20- - 8o
N E S E o
© O 0.1 -
S 10 - = £
° o
0 - — 0.0 - S
>180m ele <180m ele >180m ele <180m ele

B
AN -~

Chiriboga & Borges (2023) doi: 10.1038/s43247-023-00745-1



FNRS Contact Group "Geochemistry“

28 May 2025 Amazon headwaters

Highland and lowland lakes of the Amazon
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This study Diffusive Flux -0.1+0.1  GgN,Olyr -0.5 mgN,O/m?/yr
Total lake surface area 209,394 km?

Lauerwald et al (2019) Diffusive Flux 3.7 GgN,Olyr 16.1 mgN,O/m?/yr
Total lake surface area 229,000 km®

Borges et al. (2022) doi: 10.1126/sciadv.abi8716
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CDOM SR was negatively related with wetland presence on the catchment

extracted from GIEMS-D15

CDOM SR = 1.85 - 0.0765 x %wetland (r2 = 0.57, p=0.0003, n=18)

Threshold value of wetland coverage of 8.1%

to classify humic (CDOM SR <1) and non-humic (CDOM SR >1) lakes.
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Borges et al. (2022) doi: 10.1126/sciadv.abi8716
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Methane aerobic production (MAP) based on tracer incubations
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Morana et al. (2020) doi:10.5194/bg-17-5209-2020
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Cole and Caraco (1998)
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pCO, calculated from pH and total alkalinity versus pCO, measured direct
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