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S2 Derivation of correction factors

Methane ebullition

Almost half of the hydropower plants with methane measurements (42 out 98 - 43%) only considered diffusive
fluxes of methane emissions at the reservoir surface, but disregarded the formation of methane bubbles
(ebullition) and the emissions at turbines or in rivers downstream of the reservoir. Such emissions can be very
high in the tropics and we assumed that they contribute 70% to the total methane emissions of tropical reservoirs
based on [1]. According to measurements in US hydroelectric reservoirs, bubbling contributes on average 11%
to the total methane emissions [2]; however, measurements often underestimate actual emissions. Comparisons
between a novel and a traditional sampling device have demonstrated that the traditional device underestimates
methane emissions by a factor of 2 [3]. Assuming that this sampling error is also valid for the US measurements,
and the US measurements are representative for temperate or non-tropical reservoirs, bubbling contributes on
average ~20% to the total methane emissions of these reservoirs. As a consequence, if bubbling was not
considered, methane emissions are 3.3 times the reported value for tropical reservoirs, and 1.2 times the reported
value for temperate reservoirs. If bubbling was considered, but is twice as high as reported (based on [3]),
methane emissions are 1.5 times the reported value for tropical reservoirs, and 1.1 times the reported value for
temperate reservoirs. Considering that bubbling was disregarded for 43% of the methane measurements in the
training dataset, and that 21% of the hydropower plants with methane measurements are situated in the tropics,

the overall correction factors for the methane emissions predicted with our model is 1.4.

Carbon burial in reservoir sediments

On a global scale, reservoirs are estimated to bury 1466 g CO,-equivalents m? a* [4] and to emit 1533 g CO,-

equivalents m2a*

[5]. This indicates that reservoirs are emitting slightly more carbon than they bury. Part of the
carbon buried in reservoirs would also have been buried in downstream lakes or the ocean [6] so that not all
benefits from carbon burial can be attributed to the reservoirs. Based on a 20% lower burial efficiency in lakes
than in reservoirs [7] and a 40% lower burial efficiency in oceans than in lakes [6] (i.e. 50% lower than in
reservoirs), we assume that without a reservoir still 65% of the carbon burial would occur and only 513 g CO,-
equivalents m? a™* can be attributed to reservoirs. As a result, only one third of the avoided emissions of a
reservoir are buried due to the reservoir (net burial). When assuming that none of the records of the training
dataset considers carbon burial, the carbon emissions would have to be reduced on average by 33%, which is an
upper estimate. 17 out of 143 hydropower plants with CO, measurements have negative CO, emissions and, as

such, they represent carbon sinks. This shows that carbon burial was considered in parts of the training dataset.
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Even if hydropower plants are not sinks, carbon burial might have been considered. In [2], carbon burial was

considered, but only 2 out of 6 reservoirs are identified as carbon sinks. Assuming that for double as many plants

as carbon sinks in the training dataset carbon burial was considered, but that the efficiency was overestimated by

a factor of 3 due to the difference between gross and net burial, then carbon burial is underestimated by about

29%. Overall, we assume that our predicted CO,-equivalent emissions have to be reduced by 13%.

We acknowledge that these correction factors are rough estimates and entail high uncertainties. Burial

efficiencies and the role of methane ebullition vary greatly among plants.
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