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The unintended consequences of antiflaring
policies—and measures for mitigation

Raphael Calel*' and Paasha Mahdavi®

Oil reservoirs contain significant quantities of meth-
ane, which can leak out when the oil is extracted. At oil
wells around the world, more than 140 billion cubic
meters (bcm) of this methane is burned off (“flared”)
every year, transforming it into carbon dioxide, which
contributes to global warming. Just as much gas is
released directly (“vented”) as methane, which makes
as much as a 16-fold contribution to global warming.
Flaring and venting waste 8% of global natural gas
production annually, contribute 6% of global greenhouse
gas emissions (1), and disperse a range of pollutants that
harm human health (2, 3) and local environments (4). Cap-
turing and using this gas would be a prodevelopment (5),

cost-effective (6) means of reducing greenhouse gas
emissions, yet current efforts to curtail the problem are
struggling to make headway.

In 2015 the World Bank’s Global Gas Flaring Re-
duction Partnership (GGFR) launched the “Zero Routine
Flaring by 2030" initiative (7), which promotes reg-
ulations on flaring and, to a lesser degree, the fi-
nancing of new gas infrastructure. We present evidence
that both of these approaches are seriously flawed.
The regulatory solutions appear to be mostly ineffec-
tive and, we argue, run the risk of being seriously coun-
terproductive. Because flaring is easily detected with
high-resolution satellites whereas measurements of

To improve antiflaring policies, we need to embrace remote sensing techniques that can detect point source methane
emissions, and we need to enact new production taxes designed to counteract the effects of gas infrastructure
investment on downstream emissions. Image credit: Shutterstock/Leonid lkan.
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Fig. 1. Trends in natural gas flaring. The Left Panel plots the quantities of flared natural gas by country. The color
gradient, from darkest to lightest, indicates the largest, the top 5, and top 15 flaring nations in 2010. The numbers are
calculated from satellite images collected by the US Defense Meteorological Satellite Program (DMSP) through 2012,
and thereafter by the Visible Infrared Imaging Radiometer Suite (VIIRS). We display both sets of estimates for 2012, the
only year in which both systems were active. The Right Panel plots Government Effectiveness scores (8) against flaring
efficiency for the top 15 flaring nations annually from 1994 to 2017. The negative association also holds within countries,
except for very low Government Effectiveness scores. The Bottom Panel shows the total gas extracted annually in Yemen,
splitinto flared (Dark) and commercially produced gas (Light). Total extraction rises after the completion of the LNG terminal
at Balhaf (Dashed Line) but falls after civil war breaks out in March 2015.

venting are either imprecise (conducted with medium-
resolution satellites) or prohibitively costly at scale
(done with aerial monitoring), restrictions on flaring
can push oil producers toward greater venting. Even
a small increase in venting would be enough to create
a net increase in global warming. Meanwhile, although
gas infrastructure financing does reduce the incentive
to flare and vent, it is effectively a subsidy for oil and gas
production, creating incentives to increase downstream
emissions.

With current data, it is impossible to reliably quan-
tify the full extent of these problems. But in rare
cases—when more information unexpectedly becomes
available—we can glimpse evidence of the underlying
problem. Both regulatory and infrastructure solutions
can be amended to mitigate these risks, we argue,
with two all-important modifications. First, develop-
ment of remote sensing techniques for detecting
point source methane emissions would significantly
ameliorate the monitoring problem, giving regulators
thestechnologicalstoolssthey need to effectively curb
both flaring and venting. Second, to counteract the

effects on downstream emissions, new production
taxes need to be adopted as the primary means of
financing gas infrastructure.

Missed Opportunities
Flaring activity has historically been concentrated in
five countries—Russia, Nigeria, Iran, Irag, and Algeria—
which account for roughly half of all flaring. Flaring
rose in the late 1990s and reached a peak in the early
2000s (Fig. 1, Left). By 2010 flaring had fallen by 20%,
but discouragingly, there has been no decline since,
even after the collapse of oil prices in 2014. One
reason is that flaring reductions in the two top coun-
tries, Russia and Nigeria, have been offset by in-
creases in the United States, which has quadrupled its
flaring activity since 2010, driven by the shale boom.
Geographic concentration can sometimes make a
problem easier to tackle, because only a small coalition
of committed partners is needed to make significant
progress. But this concentration also can be a hindrance
if it confines the bulk of the problem to hard-to-reach
places. Flaring falls in the latter category. The top five
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Table 1.
and 100-year horizons

Global warming potential (GWP) of flaring, venting, and capturing 1 metric ton of natural gas over 20-

Action Description Emissions GWP20 GWP100
Flare Burning 1 metric ton of associated gas at the source produces 5.49tCO, 5.49 5.49
2.74 metric tons of carbon dioxide, as well as the equivalent
amount elsewhere for consumption
Vent Venting 1 metric ton of associated gas at the source results in 1tCH, + 2.74tCO;, 88.74 36.74
1 metric ton of methane emissions, as well as 2.74 metric
tons of carbon dioxide emissions elsewhere for
consumption
Capture Using 1 metric ton of associated natural gas displaces 2.74tCO, 2.74 2.74

approximately 1 metric ton that would otherwise have been

needed to meet consumption demand

countries rank among the lowest in political stability,
regulatory quality, and control of corruption (8, 9).
Lower levels of government effectiveness are sys-
tematically associated with greater flaring, both across
countries and across time (Fig. 1, Right). Dramatic
changes in government effectiveness—improvement
of state capacity in China, Kazakhstan, and Indonesia,
deterioration in Venezuela—are associated with con-
cordant changes in the fraction of flared gas (although
this empirical association breaks down at very low
levels of government effectiveness in conflict and
postconflict settings—such as the collapse of Libya,
Irag, Yemen, and Syria—where oil production often
experiences a simultaneous collapse).

Although greater government effectiveness is associ-
ated with less flare waste, this relationship generally does
not appear to be driven by antiflaring regulations. The
GGFR has emphasized regulatory reforms to decrease
flaring (10). Although this approach is seemingly effective
in the United States (11), stricter permitting rules and gas
reinjection requirements have not been effective globally
(12). Even outright bans—as in Algeria in 2005 and Ghana
in 2010—have not been followed by reductions in flaring
[see Fig. S1 and (13)], nor, where offered, have site-level
financial incentives to curb emissions decreased flaring
(14). For example, we find that among all flaring sites that
have applied for carbon credits under the Clean Devel-
opment Mechanism (CDM), approved sites show no dif-
ference in flaring trends from other sites, even though
those producers receive credits for every avoided metric
ton of emissions (Fig. S2).

Unintended Consequences

Regulations to limit flaring not only seem to be in-
effective, but they can also have the unintended
consequence of driving firms to vent instead. Flares
are highly visible both to the naked eye and to remote
sensing instruments, allowing low-cost identification
of point sources and estimation of the quantity of gas
flared (15). Vented gas, on the other hand, is invisible.
It can only be inferred remotely by measuring the
methane concentration in the entire atmospheric
column and comparing it with background levels.
Even with state-of-the-art remote sensing tools, the
resolution of these techniques is far too low—at best,
49 square kilometers per pixel—and the uncertainty
too great to identify specific venting sites (16-18).
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Aerial monitoring provides higher-resolution mea-
surements but is too costly (and polluting) to use for
continuous monitoring on a large scale. The result is a
"multitask problem” (19), in which a firm substitutes
from the easily observed task (in this case, flaring) to
the other (venting) to avoid punishment.

It is inherently challenging to reliably quantify the
degree of deliberate shifts from flaring to venting; the
very essence of the problem is that venting is difficult to
detect, and the multitask problem goes away wherever
venting is specifically monitored. It is only in rare cases,
when the right information unexpectedly becomes
available, that we can glimpse evidence of the problem.

A recent episode in Turkmenistan is highly re-
vealing. In 2019 the GHGSat-D satellite was monitor-
ing a mud volcano in western Turkmenistan when it
unexpectedly detected large volumes of methane
near the edge of its measurement domain. This
eventually led researchers to identify three large
methane plumes coming from the Korpezhe oil and
gas field (20). Two plumes were traced to a malfunc-
tioning pipeline valve and leaks from a processing
facility, both of which appear to have been accidental
releases.

The third plume originated from a compressor
station near the wellhead, which it now appears had
been venting methane since at least January 2017,
the earliest date for which measurements are avail-
able from the TROPOspheric Monitoring Instrument
(TROPOMI) satellite instrument. This is the sort of site
that one might expect to be flaring, but Turkmenistan
has a prohibition on continuous flaring (21), and in-
deed, there has been no evidence of flaring at this site
since the Visible Infrared Imaging Radiometer Suite
(VIIRS) satellite began monitoring flares in 2012 (20).
What is more, follow-up readings indicate that meth-
ane emissions from this site stopped after the plume
was publicized (22). Without insider information, it is
impossible to determine conclusively whether this
venting was deliberate. But viewed through the lens of
the multitask problem, these facts suggest that state-
owned Tirkmengaz, the field's operator, had been
systematically venting natural gas rather than flaring it
to evade detection.

This sort of shift from flaring to venting is detri-
mental to the climate. Taking into account differences
in atomic mass, flaring one metric ton of methane
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produces roughly 2.7 metric tons of carbon dioxide. If
the methane is vented instead, it has the same global
warming potential (GWP) as 86 metric tons of carbon
dioxide over a 20-year horizon (23). A policy that causes
venting instead of flaring, therefore, increases the GWP
by a factor of (86 + 2.7)/(2 x 2.7) = 16.2 (see Table 1).

Ending the practices of flaring and venting provides an

opportunity for rapid low-cost emissions reductions, thus
slowing the near-term accumulation of greenhouse gases
and reducing the risk of crossing climatic tipping points.

To illustrate the consequences, consider a policy
that caps flaring at 100 metric tons per day, half of
what a particular oil field is currently flaring. If each
barrel of oil is associated with 1 metric ton of gas, the
extraction rate would be limited to 100 barrels per
day. Remote measurements will show a 50% reduction
in emissions from flaring. But the ratio of oil to asso-
ciated gas is variable and difficult for the regulator to
observe. So if the firm increased production by even
five barrels and vented the associated gas, which the
regulator cannot see, the true effect would be a net
30% increase in CO5-equivalent emissions.

Solving the Multitask Problem

Gas infrastructure seems a promising way to solve the
multitask problem. Constructing export terminals,
compression facilities, reinjection wells, and pipeline
networks makes it economically feasible to capture
and use gas that would otherwise be flared or vented.
By preventing the burning of an additional metric ton
of methane downstream, it allows the same gas de-
mand to be met with half the GWP of flaring (see Table
1, row 3).

The experience of infrastructure development in
Russia is instructive. At the Vankor oil field, the addi-
tion of compressor stations and connections to the
Gazprom national gas transport network achieved a
77% reduction in flaring at nearby associated gas
fields from 2012 to 2017 (Fig. S3).

But infrastructure programs can fall prey to a kind
of multitask problem, too. Because infrastructure is
effectively a subsidy to oil and gas production, total
production volumes may increase even as the rate of
flaring declines. Before the construction of the Yemen
LNG terminal at Balhaf in 2009, for example, all gas
was flared and production was virtually nonexistent.
But flaring did not end when Balhaf opened. Instead,
gas production rose sharply, and flaring did not de-
cline until oil and gas production collapsed after the
outbreak of civil war in 2015 (Fig. 1, Bottom Panel). The

Yemen case demonstrates the possibility of construct-
ing gas infrastructure even in states with low capacity,
but it also shows how the positive effect of that in-
frastructure can be wiped out in absence of reinforcing
policy. To disincentivize this kind of overproduction, itis
critical that these gas infrastructure projects are financed
through production taxes on oil and gas producers. Just
as in a deposit-refund system, it is the pairing of a tax on
production (“the deposit”) with a subsidy for the safest
form of disposal (“the refund”) that provides a cost-
effective solution to the multitask problem.

In sum, current approaches to curtailing flaring face
potentially serious multitask problems. Regulatory
restrictions and financial incentives to stop flaring run
the risk of encouraging deliberate venting. Financing
of gas infrastructure offers a promising alternative
because it reduces the incentive to vent, but it can
backfire by increasing downstream emissions instead.

Both approaches could have a brighter future,
though. New remote sensing instruments such as the
MethaneSAT satellite (24), set to launch in 2022, will
take measurements at more than 300 times the reso-
lution of current instruments, dramatically reducing
the cost of measuring methane emissions from point
sources (25). Some private companies have recently
begun offering oil producers localized remote moni-
toring of methane leaks, but governments and insti-
tutions should support the development of new
instruments and methodologies that will transform
these data into reliable high-resolution measure-
ments. This public good can be used by regulators the
world over, making it feasible to monitor venting even
for states with low government capacity. In the
meantime, while the World Bank and its partners are
working to eliminate flaring, they should be mindful of
the risk that regulatory solutions might unintentionally
drive up venting. To the extent that they pursue gas
infrastructure development instead, they would do
well to prioritize the adoption of new production taxes
as the primary means of financing to mitigate the risk
of increasing downstream emissions.

Ending the practices of flaring and venting pro-
vides an opportunity for rapid low-cost emissions re-
ductions, thus slowing the near-term accumulation of
greenhouse gases and reducing the risk of crossing
climatic tipping points. Development of remote sens-
ing technologies, production taxes, and investments
in infrastructure are essential to this project, but only
as a waypoint on the road to a zero-carbon future.
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