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KAZAKHSTAN 

Recurring Methane 
Super -Emitters from 
Flaring Sites at Kokzhide 
Oil and Gas Field  

Flaring Destruction Removal Efficiency 

Assessment 

CONFIDENCE ASSESSMENT 

The Center for Climate Crime Analysis (CCCA) assesses that methane super -

emitter events at two sites at the Kokzhide Oil and Gas Field are highly likely 

flares repeatedly operating at or below 90% Destruction Removal Efficiency 

(DRE). CCCA assigns a high c onfidence to this assessment for Area of 

Interest  1 and a moderate confidence assessment for Area of Interest  2. 

These assessments are based on quantitative analysis of high -resolution 

satellite methane detections from several Hyperspectral Imagers (HSI) with 

ƴŜŀǊ ŎƻƛƴŎƛŘŜƴǘ ŎƻƭƭƻŎŀǘŜŘ ŦƛǊŜ ŘŜǘŜŎǘƛƻƴǎ ŦǊƻƳ b!{!Ωǎ ±LLw{Σ ŀƴŘ ŦŀƭǎŜ-

colour Multispectral images from Sentinel -2 and OLI Landsat 8 & 9 over 20 

dates from 16 August 202 2 through 18 January 2026.  
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Overview  

Oil and gas extraction, processing and transport release large quantities of methane (CH 4), 

a powerful greenhouse gas. Methane is the primary component of fossil gas [1, 2] and can 

escape through leaks, equipment failures, deliberate venting and incomplete combustion 

during flaring. These emissions have an outsized effect on the climate: over a 20 -year 

period, methane traps over 80 times as much heat as carbon dioxide (CO 2) [3]. Rapidly 

reducing methane emissions is essential to pull the emergency brake on the climate crisis.  

In addition to its impact on climate, methane is a volatile organic compound (VOC) and 

must be carefully managed during oil and gas operations to prevent pressure buildup, 

which can lead to unsafe working conditions, uncontrolled fires and explosions. Alth ough 

best practices dictate that methane be captured and/ or used, methane is often disposed 

of instead through venting or flaring. Venting involves the direct release of methane ς and 

the other components of fossil gas ς into the atmosphere, resulting in harm to the climate 

as well as negative impacts on health, as methane is a precursor to ozone, a harmful air 

pollutant associated with respiratory and cardiovascular disease [43].  

Flaring is the open burning of fossil gas to dispose of methane by turning it into the less 

potent climate driver carbon dioxide. Although burning methane can have a smaller near -

term climate impact than releasing it directly into the atmosphere, flaring i s not a clean or 

harmless alternative. In addition to carbon dioxide, flaring can produce other harmful air 

pollutants such as nitrogen oxides (NO x), sulphur dioxide (SO 2), and particulate matter 

including black carbon, with potentially severe repercussions for air quality and health [44, 

45]. Incomplete combustion during flaring presents the worst of both worlds, as poorly 

performing flares drive near -term warming by rele asing unburned methane while 

simultaneously generating harmful air pollution through (partial) combustion.  

! ŦƭŀǊŜΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛǎ ƳŜŀǎǳǊŜŘ ǘƘǊƻǳƎƘ ƛǘǎ άŘŜǎǘǊǳŎǘƛƻƴ ǊŜƳƻǾŀƭ ŜŦŦƛŎƛŜƴŎȅΣέ ƻǊ 5w9Σ 

which refers to the percentage of methane delivered to the flare that is combusted. Any 

DRE below 100% represents raw methane entering the atmosphere, and lower DREs 

indicate that a larger share of gas is escaping, even as the flare continues to burn. For 

instance, a flare operating at 98% DRE releases 2% of the methane it receives into the 

atmosphere unburned; at 90% DRE, 10% of the methane is escaping. (At 0% DRE, the flare 

is completely unlit, and methane is leaking arrantly into the atmosphere).  

While Best Available Technology (BAT) standards assume a DRE of 98% [4], empirical reviews 

suggest significant variability averaging 95% DRE and observed as low as 60% DRE [5]. DREs 

below 100% can occur for any number of reasons including equipment malfunc tion, a 

higher rate of gas than can be flared, and high winds [4]. DRE calculations help determine 

whether flaring is effectively limiting methane emissions or combining the climate and air 

quality harms of methane emissions with the additional harms of co mbustion.  

This Insight uses several forms of satellite data to assess whether recurring methane super -

emitter events (methane emissions at rates detectable by satellite) in the Kokzhide area of 

Kazakhstan are connected to flare performance. High -resolution hyperspec tral (HSI) 

satellite data [6, 7] measures the rate at which methane is being emitted, while VIIRS 

thermal sensors [8] indicate the Fire Radiative Power (FRP) i.e. the amount of thermal 

energy that can be measured by the VIIRS sensors. FRP is a proxy for the rate of chemical 
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energy being converted into heat [28] which is then used to calculate the combustion rate 

of methane of a given location. Combining these data allows CCCA to estimate the DRE 

of individual flares by calculating the ratio of gas destroyed by combustion vers us the total 

gas delivered. Because the satellites do not observe a site at precisely the same moment, 

the results are calculated estimates rather than direct measurements.  

 

CCCA identified more than 20 potential flare locations in the Kokzhide area, two of which 

(Area of Interest 1 and Area of Interest 2) were also associated with recurring detections 

of high methane emissions. Across the two sites, satellites detected 29 met hane plumes, 24 

of which had quantified emission rates that could be used in the DRE analysis.  

At Area of Interest (AoI) 1, CCCA assesses with high confidence that methane super -

emitter events are highly likely flares operating repeatedly at or below 90% DRE . The 18 

quantified observations produced calculated DREs ranging from 17% to 99%, with an 

average of 69%. At AoI 2, CCCA assesses with moderate confidence that methane 

super -emitter events are highly likely flares operating repeatedly at or below 90% DRE . 

The six quantified observations produced calculated DREs ranging from 73% to 89%, with 

an average of 79%.  

These figures describe flare performance only on dates when methane was detected and 

should not be interpreted as generalized efficiency rates. Nevertheless, the recurrence of 

substantial methane emissions over multiple years, together with manual inspecti on of 

satellite imagery indicating that flaring was occurring, indicates that the observed 

emissions were not isolated events. The findings point to a persistent flare deficiency/ gap 

between expected and observed flare performance at both locations and wa rrant on 

the ground investigation, monitoring, and corrective action.  
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Site Selection  

²ƛǘƘƛƴ ǘƘŜ YƻƪȊƘƛŘŜ ŀǊŜŀΣ ƻǾŜǊ нл ǇƻǘŜƴǘƛŀƭ ŦƭŀǊŜ ƭƻŎŀǘƛƻƴǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ǳǎƛƴƎ b!{!Ωǎ 

FIRMS. Of those sites, two had recurring methane detections. These two sites were 

investigated as Area of Interest 1 (AoI 1) and Area of Interest 2 (AoI 2). All other identified 

flares in the Kokzhide area had no significant, recurring methane detections during this 

time period. Conversely, all other methane detections were observed only once. Given 

their lower persistence, these other locations were not examined in dep th. This Insight only 

considered dates with high -resolution methane detections and cannot assess overall 

flaring DRE at these sites.  

CCCA bases this assessment on reported emission rates from 29 high -resolution methane 

detections [6, 7] compared to calculated methane combustion rates [9 , 46] based on co -

located, near -coincident VIIRs collections [8]. Only daytime VIIRS was considered as they 

generally collect within 2 hours of the HSI sensors detecting methane. This near coincident 

ŎƻƭƭŜŎǘƛƻƴ ƛƴŎǊŜŀǎŜǎ ƻǳǊ ŎƻƴŦƛŘŜƴŎŜ ǘƘŀǘ ǘƘŜ ƻōǎŜǊǾŜŘ ŦƭŀǊŜΩs Fire Radiative Power (FRP) is 

representative of the FRP at the time of spectral collection (i.e. methane detection). 

Nighttime VIIRS detections, while more sensitive, collect roughly 12 hours apart from 

spectral sensors, and significantly decreases our c onfidence that the FRP is an accurate 

representation at the time of spectral collection. Nighttime VIIRS is used to establish 

potential flaring locations that may have a flare that is either not operating during the day 

or is below the detection threshold of daytime VIIRS.  
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High-resolution methane detections were filtered to only include detections whose 

geolocation uncertainty radius (see  Annex B: Sensor Specifications ) included the specific 

infrastructure of interest with an additional 100 -meter buffer to account for potential plume 

ƻōŦǳǎŎŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ŦƭŀǊŜΩǎ ŦƭŀƳŜΦ CƻǊ !ƻL мΣ ǘƘŜ ǘǿƻ ǾƛǎƛōƭŜ ŦƭŀǊŜǎ Ŧŀƭƭ ǿƛǘƘƛƴ ǘƘŜ ƎŜƻƭƻŎŀǘƛƻƴ 

uncertainty of each other for VIIRS [10]  and thus are treated as one flaring infrastructure for 

this assessment. At least one VIIRS sensor collected on each date. Methane detections on 

13 April 2023 were not considered due to intermittent cloud cover that could obscure VIIRS 

fire detection. Addi tionally, high -resolution methane detections from the following dates 

were detected, however the quantified flow rates have not been published and therefore 

have not been included in the DRE calculations:  

¶ AoI 1:  

o 18 January 2026  

o 18 May 2025  

o 25 May 2024  

¶ AoI 2:  

o 26 October 2025  

o 6 June 2023  

 

Visible Fires at the two Areas of Interest in Landsat Imagery  

 

Landsat is a multispectral imaging sensor that can visibly show fires through various band 

combinations. The band combination shown here shows fire in a red/orange tone. Landsat 

and Sentinal -2 can be used in this manner to increase confidence that a flare was likely 

operating at the time of a methane detection (see  Using Multispectral Imagery to 

Distinguish Flares from Hot Spots  in Annex A ). 

¶ Red: Band 7 Shortwave Infrared 2 (SWIR 2):  2.11 ς 2.29 µm  
¶ Green: Band 5 Near -Infrared (NIR):  0.85 ς 0.88 µm  
¶ Blue: Band 4 Red:  0.64 ς 0.67 µm 
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Area of Interest 1  

CCCA assesses that methane super -emitter events at AoI 1 

are highly likely flares operating repeatedly at or below 90% 

DRE. CCCA assigns high confidence  to this assessment based 

on 18 quantified methane detections from Tanager, PRISMA, 

and EMIT, 11 quantified VIIRS fire detections, 10 OLI and 

Sentinel -2 false -colour images confirming operating flares, 

and high -resolution context imagery with visible flari ng 

infrastructure, including flame.  

There were 9 methane detections where there were no 

corresponding thermal detections for the daytime VIIRS 

collection, i.e. there were methane emissions, but no fire was 

detected by VIIRS during the day. However, fires are visible 

during all available dayt ime Landsat 8 & 9 and Sentinel -2 

collections on the dates of methane detections, indicating 

that the flare was highly likely operating at the times of the 

methane detections. Given the potential for daytime VIIRS to 

not register a fire below 3.7 MW fire ra diative power [11], 

CCCA assumed a 3.7 MW flare to calculate the DRE for dates 

when no VIIRS fire was reported.  

 
 

ASSESSMENT: 

HIGH CONFIDENCE 

17-99% 

Calculated DRE Range  

69% 

Average Calculated DRE  

28  

Spectral Observations  

21  

Methane Plumes 

Detected  

18 

Methane Plumes 

Quantified  

12 

Same Day VIIRS 

Detections  
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Calculated DRE for AoI 1  

Date of 
Methane 
Emissions 
Detection  

Methane 
Emission Rate 

(kg/h)  

Fire Radiative 
Power (MW)  

Visible Fire  
Highest 

Plausible 
DRE 

Standard 
Calculated 

DRE 

16/08/2022  710 +/ -350 13.79 Yes 97% 91% 

19/08/2022  3090 +/ -128 2.93 Unavailable  56% 39% 

17/04/2023  610 +/ -391 5.53 Unavailable  96% 83% 

21/04/2023  850 +/ -410 No Detection  Yes 89% 70% 

06/06/2023  970+/ -260 10.28 Yes 94% 85% 

20/06/2023  3350 +/ -1290 1.32 Unavailable  39% 17% 

24/06/2023  3470 +/ -1000 No Detection  Yes 60% 36% 

02/08/2023  2900 +/ -1060 9.93 Yes 84% 64% 

20/08/2023  900 +/ -250 10.69 Yes 94% 86% 

01/05/2024  1150 +/ -430 No Detection  Yes 84% 63% 

29/05/2024  80 +/ -130 11.32 Unavailable  100% 99% 

30/05/2024  850 +/ -310 No Detection  Unavailable  87% 70% 

08/08/2024  880 +/ -330 3.82 Unavailable  88% 70% 

02/03/2025  1300 +/ -500 No Detection  Yes 82% 60% 

29/04/2025  981 +/ -313 No Detection  Unavailable  85% 67% 

04/05/2025  290 +/ -200 No Detection  Yes 79% 60% 

30/05/2025  290 +/ -200 7.12 Unavailable  99% 93% 

06/08/2025  783 +/ -624 7.66 Yes 98% 84% 
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Area of Interest 2  

CCCA assesses that methane super -emitter events at AoI 2 are 

highly likely flares operating repeatedly at or below 90% DRE . 

CCCA assigns moderate confidence  to this assessment based on 6 

quantified methane detections from Tanager, PRISMA, and EMIT, 

and 4 OLI and Sentinel -2 false -colour images confirming operating 

flares. 

A flare with flame can be seen on 10 September 2025 both in ESRI 

world imagery, and as a fire detection by daytime VIIRS. However, a 

permanent flaring structure cannot be determined from any other 

literal imagery, which could indicate mobile/movable flarin g. A 50m 

radius from the centre of the AoI was used to establish the flaring 

area for AoI 2, consistent with the visible circular berm around the 

well area.  

For all 8 methane detections, there was no corresponding thermal 

detection for the daytime VIIRS collection. However, fires are visible 

during all available daytime Landsat 8 & 9 and Sentinel -2 collections 

on the dates of methane detections, indicating tha t the flare was 

highly likely operating at the times of the methane detections. Given 

the potential for daytime VIIRS to not register a fire below 3.7 MW fire 

radiative power [11], CCCA assumed a 3.7 MW flare to calculate 

the DRE for dates when no VIIRS fi re was reported.  

Daytime VIIRS detections coincident with further high -resolution 

methane detections would increase our confidence.  

 

ASSESSMENT: 

MODERATE 

CONFIDENCE 

73-89% 

Calculated DRE 

Range  

79% 

Average 

Calculated DRE  

25 

Spectral 

Observations  

8 

Methane Plumes 

Detected  

6 

Methane Plumes 

Quantified  

0 

Same Day VIIRS 

Detections  
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Calculated DRE for AoI 2  

Date of 
Methane 
Emissions 
Detection  

Methane 
Emission Rate 

(kg/h)  

Fire Radiative 
Power (MW)  

Visible Fire  

 

Highest 
Plausible 

DRE 

Standard 
Calculated 

DRE 

17/04/2023  251 +/ -62 No Detection  Unavailable  95% 89% 

10/06/2023  338 +/ -135 No Detection  Unavailable  95% 85% 

24/06/2023  710 +/ -220 No Detection  Yes 88% 73% 

20/08/2023  686 +/ -191 No Detection  Yes 88% 74% 

02/03/2025  705 +/ -253 No Detection  Yes 89% 73% 

18/01/2026  444 +/ -88 No Detection  Yes 91% 81% 
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Limitations, False Alarms, and Analysis of Alternatives  

Limitation: VIIRS, Near Coincidence, and the Quantification of the DRE  

VIIRS and high -resolution hyperspectral collections are not truly coincident. VIIRS and 

spectral detections generally collect within 2 hours of each other on any given day, with 

a full potential range of under ten minutes to up to three hours. Because flar es and gas 

flow rates can be highly volatile [7], only truly coincident collections can give a direct DRE 

measurement. Due to the lack of truly coincident data, CCCA only trends and 

characterizes a site after a minimum of three coupled thermal and spectral  observations. 

Further study into using HSI sensors longest SWIR bands to simultaneously measure a 

ǎƻǳǊŎŜΩǎ Cwt ŀƴŘ ƳŜǘƘŀƴŜ ŜƳƛǎǎƛƻƴǎ ǿƻǳƭŘ ǊŜǎƻƭǾŜ ǘƘŜ ƭŀŎƪ ƻŦ ǘǊǳƭȅ ŎƻƛƴŎƛŘŜƴǘ ŎƻƭƭŜŎǘƛƻƴΦ 

Detailed parameters, assumptions, and derivations for the DRE calculations can be found 

ƛƴ ///!Ωǎ ¢ŜŎƘƴƛŎŀƭ bƻǘŜ ŦƻǊ vǳŀƴǘƛŦȅƛƴƎ CƭŀǊŜ 5ŜǎǘǊǳŎǘƛƻƴ wŜƳƻǾŀƭ 9ŦŦƛŎƛŜƴŎȅ Ǿƛŀ 

Integration of Hyperspectral and Thermal Infrared Satellite Data [9 , 46]. 

The Standard Calculated DRE assumes the southwestern Kazakhstan specific gas mixtures 

of 66% methane [2], the lower of the two nominal methane emission rates reported by 

/ŀǊōƻƴ aŀǇǇŜǊ ƻǊ ¦b La9hΩǎ 9ȅŜ ƻƴ aŜǘƘŀƴŜ ώсΣ тϐΣ ŀƴŘ ǘƘŜ ƴƻƳƛƴŀƭ Cwt ǊŜǇƻǊǘŜŘ ōȅ 

NASA [8].  

The Highest Plausible DRE intentionally biases all variables to make the highest possible DRE 

by maximizing the calculated waste gas combustion rate, assuming the maximum 

operationally allowable +50% [12] of reported FRP, and assuming the minimum methane 

emission rate reported by Carbon Mapper. It is statistically unlikely that all uncorrelated 

uncertainties would stack in an additive manner. Typically, uncorrelated uncertainties 

behave in a more random pattern, more likely to balance out the biases.  

Rigorous ground truth analysis, Direct analysis of VIIRS L1 data to establish FRP, and peer 

review of the CCCA DRE Methodology as well as in situ measurements at Kokzhide would 

improve our confidence.  

Limitation: Qualitative Analysis of MSI False -Colour  

Visual inspection of false -colour MSI is a qualitative measure only. CCCA cannot determine 

from MSI alone the specific size or temperature of any detected hotspot, nor if it originates 

from a non -flame source. For this Insight, the false -colour was used on ly to confirm the 

presence of flaring and determine that a non -flared leak or venting was highly unlikely. 

CCCA then used the highest probable FRP that VIIRs would not report for a daytime collect 

as the basis for the DRE. This assumption leads to higher c alculated DREs.  

Thermodynamics dictates which combination of target size, temperature, and material 

emissivity will be visibly distinguishable in false -colour imagery [13]. As shown in the figure 

below, a 5 m² solid metal target ( ʀ= 0.85) [14] heated to 600 °C (grey solid line) [15] yields 

a spectral curve similar to a 1 m² open flare flame ( ʀ= 0.3) [16] at 1000 °C [17] (red dotted 

line). Because both targets emit energy primarily in the SWIR 2 band while remaining 

suppressed in SWIR 1 and NIR, both will appear as reddish pixels in a standard false -colour 
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composite (RGB = SWIR 2, SWIR 1, NIR), though the smaller flare flame will appear dimmer 

[18, 19].  

In contrast, an active operational flare expanding beyond 1 m² or exceeding 1000 °C 

radiates sufficient thermal energy to overcome daytime solar background reflectance in 

the SWIR 1 band, and eventually the NIR band above 1400 °C. In false -colour rendering  

(RGB = SWIR 2, SWIR 1, NIR), this multi-band contribution drives a distinct colour progression: 

as SWIR 1 (Green channel) elevates alongside SWIR 2 (Red channel), the pixel colour shifts 

from red to bright yellow, ultimately reaching saturated white when NIR (Blue channel) is 

activated. Conversely, a 600 °C hot metal surface is already near the safe operational and 

structural limits of industrial steel [15], meaning unshielded stack hardware will typically 

display only in varying intensities of red without  supplying the dual -band SWIR 1 energy 

required to trigger yellow or white flare signatures [16, 19]. For AoI  1 and AoI  2, CCCA 

confirmed that all false -colour flare operations registered in both SWIR 1 and SWIR 2 when 

no VIIRS detection was available.  

  

False Alarms  

False-colour MSI can have false alarms and bright patches that are not flares or heat 

exhaust. This is common with hot and highly specular (reflective) flat surfaces such as metal 

roofs. CCCA only analysed confirmed flare locations in this insight. Flares were visually 

confirmed at each location (AoI  1 and AoI  2) using high resolution imagery showing visible 

flames at each site.  
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Analysis of Alternatives  

False-colour detections confirming flare operations that could be attributed to constant 

operational pilot lights were considered, and it was determined that the pilot lights and 

metal housing assembly would not noticeably impact the false -colour display. While the 

pilot flame itself is typically between 800 °C and 1000 °C, it is within a metal housing. The 

temperature of that housing is what is measurable by satellites. As can be seen as the 

green line in the zoomed in graph below, a metal housing assembly  for an operating pilot 

light (roughly 0.3 m² in size) [20] at 600 °C [15] does not contribute any perceptible energy 

in the NIR Band or either of the SWIR Bands. Thus, CCCA concludes that any perceptible 

false-colour detections at known flare locations ar e from flares operating beyond standard 

continuous pilot lights.  

Additionally, separate unmitigated methane leaks within the geolocation range of a given 

flare were considered. To maintain a high confidence only methane plumes that were 

ǿƛǘƘƛƴ ǘƘŜƛǊ ǎŜƴǎƻǊΩǎ ƎŜƻƭƻŎŀǘƛƻƴ ǊŀŘƛǳǎ ǘƻ ŀ ƪƴƻǿƴ ŦƭŀǊŜ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘΦ !ƴȅ ƳŜǘƘŀne 

released within those radii were assumed to be at least intended for the flare, and 

therefore part of the overall DRE.  
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Confidence and Probability  

Confidence Assessment: How strong the remote sensing data and methodology are to 

support a given assessment based on sensor spatial and spectral resolution, data quality, 

atmospheric conditions, and available corroborating evidence.  

High Confidence: There is sufficient high -quality remote sensing data and 

corroborating evidence to support the assessment. Further collections are likely to 

only continue to affirm the assessment.  

Moderate Confidence: There is sufficient high -quality remote sensing data and 

corroborating evidence to support the assessment, though some data or data 

quality gaps remain. Further collections are likely to increase confidence in the 

assessment. 

Low Confidence: Data fits the assessment well, but there is not enough high -quality 

data/collections to establish a more confident assessment. Further collections are 

just as likely to disprove as support the assessment.  

Likelihood / Probability Scale: T he estimated probability an event, activity, or condition is 

occurring or that a feature is present.  

Confirmed (100%):  At least two forms of data independently support the presence 

of a feature or activity. Evidence directly contradicts alternatives.  

Almost Certainly (90% -99%): Clear and compelling evidence directly supports the 

presence of a stated feature or activity. No reasonable alternative can be 

supported by the evidence.  

Highly Likely/Highly Probable (75% -89%): Clear and compelling evidence supports 

the presence of a stated feature or activity. Alternatives, though improbable, 

cannot be ruled out.  

Likely/Probable (50% -74%): Clear evidence supports that an activity or feature is 

more probable than not to be or be occurring. However, reasonable alternatives, 

though less likely, cannot be ruled out.  

Possible (40 -49%): The evidence is generally consistent with an activity or feature 

but is also consistent with alternatives that are at least just as likely.  

Unlikely/Improbable (20% -39%): Some, but not all, evidence is consistent with a 

given activity or feature where indicators should be present.  

Highly Unlikely/Highly improbable (10% -19%): Clear evidence against the feature 

or activity, though it cannot be ruled out.  

Almost No Chance (1% -9%) Clear evidence against the feature or activity, no 

evidence reasonably supports the presence of the feature or activity.  

Impossible (0%): Physically or logistically precluded by the evidence.  

* These levels are intended to provide clarity regarding factual assertions; they are not 

intended to reflect or displace any legal standard.  
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Glossary  

Methane super emitter event: Particularly large, localized methane emissions detected 

by satellite. The U.S. Environmental Protection Agency defines super -emitter as a source 

emitting 100 kilograms of methane per hour (kg/hr) or higher. In this Insight, CCCA has 

adopted a slightly bro ader definition to include all satellite -detected emissions. This 

ōǊƻŀŘŜǊ ŘŜŦƛƴƛǘƛƻƴ ŘƻŜǎ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘŜǾƛŀǘŜ ŦǊƻƳ ǘƘŜ ¦Φ{Φ 9t!Ωǎ όǎŜŜ Annex B ). 

Gas Flaring: The industrial burning of natural gas associated with oil and gas extraction or 

processing. We refer to flaring as recurring when multi -day burning is occurring, in contrast 

with flaring occurring during emergencies or temporary maintenance.  

Destruction Removal Efficiency (DRE): The percentage of methane delivered to a flare 

ǘƘŀǘ ƛǎ ŎƻƳōǳǎǘŜŘ ŀƴŘ ǘƘǳǎ άŘŜǎǘǊƻȅŜŘέΦ 

Fire Radiative Power (FRP): The amount of thermal energy that can be measured by the 

VIIRS sensors. FRP is a proxy for the rate of chemical energy being converted into heat.  

Geolocation Uncertainty Radius: The distance around a reported location within which 

the detected object or feature may actually be located.  

Literal Imagery:  Imagery that is designed for traditional visual inspection to include 

panchromatic (grey scale/black and white) to colour photos.  

Multispectral Imagery (MSI) : Satellite images captured across multiple specific bands of 

light (both visible light and invisible radiation, like infrared) to detect detailed 

environmental features, such as heat sources.  

SWIR (Short-Wave Infrared) : A specific range of infrared light wavelengths used by satellite 

sensors. SWIR is especially useful for detecting extreme heat sources (like industrial fires or 

flaring) even through haze or smoke.  

SWIR 1 / SWIR 2 : Specific sub -bands within short -wave infrared. Higher -temperature 

anomalies (above 1000°C) appear strongly in SWIR 1 and SWIR 2, while lower -temperature 

heat sources (around 600°C) appear primarily in SWIR 2. These differences allow for 

distinguishing be tween different sources of heat (e.g. between flares and heat exhausts).  

Pixel Resolution (Spatial Resolution):  The area represented by a single square pixel in a 

satellite image.  

False-Colour Visualization:  An image where invisible wavelengths of light (such as infrared 

heat) are assigned artificial colours (like bright red, yellow, or white) so the human eye can 

easily distinguish hot spots from the surrounding background terrain.  

Near -Coincident Imagery:  Satellite images of the exact same location captured within a 

very short timeframe of one another (e.g., minutes or hours apart), allowing direct 

comparison of high -resolution details with thermal sensor data.  

Coincident -data : Data collected at the same time.  

Collocated: Features, or equipment at the same facility or location. Additionally, satellite 

imagery from two separate satellites, or passes, of the same location.  

Berm: A built -up area. Typically, a thick wall -like structure made of soil, to prevent the 

spread of shrapnel (explosion), fire, oil, or water in case of an emergency.  
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Annex A: Hyperspectral, Multispectral, and Thermal Imagers  

High Resolution Hyperspectral Data: Carbon Mapper and IMEO  

Carbon Mapper is an international collaboration of public and private partners including 

ǘƘŜ {ǘŀǘŜ ƻŦ /ŀƭƛŦƻǊƴƛŀΣ b!{!Ωǎ WŜǘ tǊƻǇǳƭǎƛƻƴ [ŀōƻǊŀǘƻǊȅΣ ŀƴŘ tƭŀƴŜǘ [ŀōǎ LƴŎΦ ǳǘƛƭƛȊƛƴƎ 

hyperspectral imaging (HSI) satellites such as Tanager and EMIT [6]. The Inte rnational 

Methane Emissions Observatory (IMEO) is an initiative of the United Nations Environment 

Programme (UNEP) that aggregates, analyses, and distributes data from multiple satellite 

operators (including EMIT, EnMAP, PRISMA, Landsat and Sentinel -2) via  its Methane Alert 

and Response System (MARS) [7].  

These sensors are high spatial resolution point -source imagers, with pixel sizes ranging from 

30-60 meters, and area coverage roughly on the order of tens to one hundred kms wide. 

They cannot constantly view a given area, only having the opportunity (revis it rate) to see 

a given site in the range of 3 days to two weeks (Annex B). Beyond the revisit rate, they 

must be specifically tasked to observe a site at the cost of collecting any other site on the 

same orbital pass, not in the collection swath.  

These sensors detect the specific absorption features unique to methane in the shortwave 

infrared spectrum (SWIR) [25]. A mass flow rate (kg/hr) is then calculated by measuring the 

methane concentration within a plume area [26]. The available HSI sensors s pecifically 

detect only the methane portion of the fugitive waste gas, and not the other components.  

HSI sensors can only detect and measure unburnt methane. Any methane being burned 

is converted into radiant heat energy, which can then be detected and measured by 

VIIRS. Neither VIIRS, nor HSI satellites are able to detect or measure through significant c loud 

cover.  

 
Figure 1: Carbon Mapper Dashboard with Source and Plume Measurements.  
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Using Multispectral Imagery to Distinguish Flares from Hot Spots  

Sentinel -2 and OLI are multispectral imaging sensors that can visibly show fires through 

various band combinations and ratios. Sentinel -2 has a pixel size of roughly 20 meters [21], 

while OLI has a pixel size of roughly 30 meters [22]. The following exampl es are from the 

year 2023 for an LNG facility in Australia and were chosen specifically for the near 

coincident high -resolution imagery collection to better visualize what an operating flare 

looks like in false -colour imagery.   

The following two figures are (1) in the wildfire visualization available on the Copernicus 

Browser [23], and (2) with a false -colour RGB (R=12, G=11, B=11) band combination from 

NASA Worldview [24]. Both figures have insets of near coincident WorldView -2 high -

resolution imagery, which was taken 6 minutes prior to the Sentinel -2 collection. The wildfire 

visualization (top image below) shows the operating flares (yellow) as visually hotter than 

the exhaust stacks (red). The false -colour RGB (bottom image) sh ows hot areas on a scale 

of blue (earth) to red (exhaust stacks) to white (flares). Both the wildfire visualization and 

false-colour RGB for OLI and Sentinel -2 can be used in this manner to assess if a flare was 

operating at the time of collection.  
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Thermal Data and VIIRS  

The Visible Infrared Imaging Radiometer Suite (VIIRS) are thermal multi -spectral Imaging 

(MSI) sensors aboard the Suomi NPP and NOAA -20 & 21 satellites. They measure the 

radiation emitted by high -temperature sources in the midwave infrared portion of the 

spectrum [27]. Specifically, VIIRS measures the Fire Radiative Power (FRP). FRP is the rate of 

radiant energy release, measured in Megawatts (MW), or when expressed as a rate, Mega 

Joules per second (MJ/s). In the context of flares, FRP is a direct proxy fo r the rate of 

chemical energy being converted into heat [28]. By quantifying the rate of heat released, 

we can calculate the Total Combusted Waste Gas Rate (Qcombusted).  

VIIRS sensors provide global coverage twice daily in a series of three satellites with each 

satellite in sun synchronous orbit with a 1:30pm ascending -node orbit, separated by 50 

minutes [29]. These collections occur near solar noon and solar midnight at a ny given 

location. The daytime VIIRS collection timing typically aligns with the tasking windows for 

methane -detecting HSI satellites which require reflected sunlight for high signal [6, 7]. This 

synchronization gives us the ability to couple thermal and s pectral observations in a near 

coincident time window ranging from under ten minutes apart to up to 3 hours [29, 6, 7]. 

Neither VIIRS, nor HSI satellites are able to detect or measure through significant cloud 

cover.  

 
Figure 2: NASA FIRMS Dashboard with VIIRS Fire Detections for February 2026 (VIIRS orbit tracks: 9 Feb. 2026).
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Annex B: Sensor Specifications  

Instrument  
Pixel size 
(nadir)  

Geolocation 
radius  

Image size 
(nadir)  

Best return 
Time (Days)  

Methane 
Minimum 

detectable rate  

Imager 
Type  

Agency/ 
Owner  

Collector Type  

EMIT 
[30, 31, 32, 

33] 

60m 110 m 80km 3 1060 kg/hr  HSI NASA Point Source 
Imager  

EnMAP 
[34, 35]  

30 m <30 m 30 km 4 100 kg/hr  HSI DLR Point Source 
Imager  

PRISMA 
[36, 37, 38]  

30 m 100 m- 170 m 30km 4 500 kg/hr  HSI ASI Point Source 
Imager  

OLI (Landsat -
8&9)  

[22, 39]  

30 m 32 m 185 km 8 (16 per 
sensor) 

NA MSI NASA Point Source 
Imager  

Sentinel -2  
[21, 37, 38, 

40] 

20 m 

 

8m 290 km 5 (10 per 
sensor) 

1000-2000 kg/hr  MSI ESA Point Source 
Imager  

Tanager  
[41]  

30m 50m 18.6 km weekly  90-180 kg/hr  HSI Carbon 
Mapper  

Point Source 
Imager  

VIIRS Day  
[10, 27, 42]  

375m 75 m 3000 km Daily  NA Thermal 
MSI 

NASA Area flux 
mapper  
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