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Gas flaring activity and black carbon emissions in 2017 derived from Sentinel-3A
SLSTR.

In this paper the thermal anomaly detection and characterisation algorithm developed
in Casiero et al. (2018), based on NightFire, is applied to Sentinel-3 SLSTR data with
the objective of evaluating global gas flaring radiant heat output and the associated es-
timates of black carbon emissions. The resulting thermal anomaly outputs, generated
for 2017, are subjected to various filters to partition flaring and non-flaring anomalies,
with the most crucial step being the application of a persistency test of more than five
observations in the 12 month evaluation period in addition to a minimum temperature
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limit of 1500 K, which must be exceeded. A normalisation process is then applied to
the detected gas flaring sites to account for differences in sampling opportunities to
generate an adjusted measure of radiant heat output for each flaring site. Black car-
bon emissions estimates are then generated from the adjusted radiant heat estimates
using appropriate emission factors. Finally comparison against various other datasets
are made to assess the validity of the SLSTR generated datasets.

Whilst in general the paper is reasonably well written, there is a potentially significant
flaw in the gas flare characterisation approach which must be investigated and ad-
dressed before publication can be recommended. In Elvidge et al. (2016) and Fisher
et al. (2019) it is demonstrated that a substantial proportion of global gas flaring radiant
heat output arises from a small subset of flaring sites global (∼50% of output comes
from 5-10% of all flares). Some of these flares are extremely radiant such as the Punta
de Mata site in Venezuela identified by the authors (and elsewhere), and they attribute
0.623 BCM of flared gas to this site in 2017. In comparison, Elvidge et al (2016) iden-
tified that 1.13 BCM of gas was flared at this site in 2012. The discrepancy between
these two values is concerning, particularly as Venezuela has been shown to have had
a very large increase in gas flare radiant heat output since 2012 (Fisher et al., 2019),
and given the characteristics of gas flaring (e.g. most radiant heat being produced by
a small subset of sites) one would expect that the most active flaring site in Venezuela
to have show at least some increase, and not the reported decrease.

I think that this result may be arising from a potential issue with the channels used by
the algorithm. In Elvidge et al. (2019) the issue of saturation in the (M11) 2.2 µm and
(M12) 3.7 µm VIIRS channels is identified and I would expect that a similar issue is
occurring with SLSTR, particularly given the enhancement in pixel resolution from 750
m2 to 500 m2. The channels employed in the Casiero et al. (2018) for the estimation of
gas flare radiant heat output are S5 (1.6 µm), S6 (2.2 µm) and S7/F1 (3.7 µm). Given
its specifications, the S7 channel likely saturates on a regular basis over gas flares,
and this is identified, as is the potential for using the F1 channel when this occurs.
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However, no assessment of the saturation characteristics of the SWIR channels is
made, and whilst the S5 channel likely does not saturate, the same cannot be said
for the S6 channel. Furthermore, being a relatively new instrument the performance
of the F1 channel has not been evaluated, and it needs to be demonstrated that it
reaches the specified dynamic range performance levels (the same can be said for the
SWIR channels). If any of the channels are saturating then the effects on the retrieved
radiant heat can be significant as shown in Elvidge et al. (2019), and in the current
configuration of the algorithm used in this paper these saturation events may well be
being missed. I expect, given that a significant proportion of radiant heat output arises
from a subset of highly radiant flaring sites, the impact of saturation on the reported
global total of radiant heat output and in turn BCM could well be significant and must
be explored.

To do so I would recommend (1) evaluating the Planck curves of the most radiant flare
sites identified globally and check the deviations of the various spectral observations
from the curves that might indicate saturation of specific channels, giving at least an
indication of saturation effects on SLSTR. (2) I would recommend applying the sin-
gle channel radiant heat estimation approach of Fisher and Wooster (2018) developed
in part for application to the S5 channel of the SLSTR sensor and see if any signif-
icant differences are observed, this would be a very straightforward comparison. (3)
I would then suggest that if a discrepancy for these larger flaring sites is found that
the S3 channel is included as an additional constraint for these very large flares to try
and improve the radiant heat estimates. (4) It would be likely be useful to compare
also against flare counts from Fig. 7 in Fisher and Wooster (2019) in addition to the
NightFire comparison.

Lastly, some key references are missing from the paper and should be included:

Anejionu, O.C., 2019. Rationale, historical developments and advances in remote
sensing of gas flares. International Journal of Remote Sensing, 40(17), pp.6700-6719.
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Elvidge, C.D., Zhizhin, M., Baugh, K., Hsu, F.C. and Ghosh, T., 2019. Extending night-
time combustion source detection limits with short wavelength VIIRS data. Remote
Sensing, 11(4), p.395.

Fisher, D. and Wooster, M., 2018. Shortwave IR Adaption of the Mid-Infrared Radiance
Method of Fire Radiative Power (FRP) Retrieval for Assessing Industrial Gas Flaring
Output. Remote Sensing, 10(2), p.305.

Fisher, D. and Wooster, M.J., 2019. Multi-decade global gas flaring change inventoried
using the ATSR-1, ATSR-2, AATSR and SLSTR data records. Remote Sensing of
Environment, 232, p.111298.
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