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Abstract: We have produced annual estimates of national and global gas flaring and gas 

flaring efficiency from 1994 through 2008 using low light imaging data acquired by the 

Defense Meteorological Satellite Program (DMSP). Gas flaring is a widely used practice 

for the disposal of associated gas in oil production and processing facilities where there is 

insufficient infrastructure for utilization of the gas (primarily methane). Improved 

utilization of the gas is key to reducing global carbon emissions to the atmosphere. The 

DMSP estimates of flared gas volume are based on a calibration developed with a pooled 

set of reported national gas flaring volumes and data from individual flares. Flaring 

efficiency was calculated as the volume of flared gas per barrel of crude oil produced. 

Global gas flaring has remained largely stable over the past fifteen years, in the range  

of 140 to 170 billion cubic meters (BCM). Global flaring efficiency was in the seven to 

eight cubic meters per barrel from 1994 to 2005 and declined to 5.6 m
3
 per barrel by 2008. 

The 2008 gas flaring estimate of 139 BCM represents 21% of the natural gas consumption 
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of the USA with a potential retail market value of $68 billion. The 2008 flaring added more 

than 278 million metric tons of carbon dioxide equivalent (CO2e) into the atmosphere. The 

DMSP estimated gas flaring volumes indicate that global gas flaring has declined by 19% 

since 2005, led by gas flaring reductions in Russia and Nigeria, the two countries with the 

highest gas flaring levels. The flaring efficiency of both Russia and Nigeria improved  

from 2005 to 2008, suggesting that the reductions in gas flaring are likely the result of 

either improved utilization of the gas, reinjection, or direct venting of gas into the 

atmosphere, although the effect of uncertainties in the satellite data cannot be ruled out. It 

is anticipated that the capability to estimate gas flaring volumes based on satellite data will 

spur improved utilization of gas that was simply burnt as waste in previous years. 

Keywords: gas flaring; carbon emissions; nighttime lights 

 

1. Introduction  

We present the first consistently derived estimates of national and global gas flaring volumes. The 

estimates span a fifteen year time period (1994ï2008) and were derived from satellite data. Gas flaring 

is widely used to dispose of dissolved natural gas present in petroleum in production and processing 

facilities where there is no infrastructure to make use of the gas (see Figure 1). The gas emerges from 

crude oil when it is brought to the surface and is separated from the oil prior to transport. Information 

on the spatial and temporal distribution of gas flaring has not been available previously due the sparse 

and unverifiable nature of the reporting done by countries and petroleum companies. 

 

Figure 1. Most gas flaring occurs at remote petroleum production or processing facilities, 

many of which are offshore. 
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Gas flaring is responsible for a vast amount of both wasted energy and greenhouse gas emissions. 

Over the fifteen year record that was observed, we estimate that 2.4 × 10
12

 m
3
 of gas was flaredð

creating 5,000 Mt (mega metric tons) of CO2e or roughly 70% of the total annual greenhouse gas 

emissions of the United States in 2007. 

The World Bank in cooperation with the Government of Norway launched a Global Gas Flaring 

Reduction (GGFR) initiative at the World Summit on Sustainable Development in August, 2002. The 

ultimate goal of the GGFR is the elimination of most gas flaring and venting. The GGFR is a public-

private partnership with participation from governments of oil-producing countries, state-owned 

companies and major international oil companies. The GGFR identifies areas where gas flaring occurs 

and works with the countries and companies to promote regulatory frameworks and infrastructure 

investment to bring flared gas to markets. A growing array of technologies to capture and make use of 

the gas have emerged, ranging from transport to markets as gas using pipelines, reinjection to boost oil 

production, conversion to liquids that can be more readily transported, and use on site. GGFR country 

partners include the countries of Algeria (Sonatrach), Angola (Sonangol), Azerbaijan, Cameroon, 

Ecuador, Equatorial Guinea, Gabon, Indonesia, Kazakhstan, Khanty-Mansiysk (Russian Federation), 

Nigeria, Norway, Qatar, United States, and Uzbekistan. Participating oil companies include BP, 

Chevron, ConocoPhillips, ENI, ExxonMobil, Marathon Oil, Shell, StatoilHydro, and TOTAL. OPEC 

and the World Bank Group are also GGFR partners. Donor countries are Canada, European Union, 

France, Norway, UK Foreign Commonwealth Office, and the United States. 

Because flaring is used as a disposal process and typically occurs at remote locations, there are not 

good records on the volume of flared gas. There are a large number of countries with no publicly 

reported gas flaring volumes and it is widely agreed that there is substantial uncertainty regarding the 

magnitude of gas flaring. Through the GGFR a substantial amount of effort and international attention 

has been focused on the reduction of gas flaring since 2002. Without independent data sources and 

methods for estimating gas flaring, how can progress towards the elimination of gas flaring be assessed? 

Is it possible to monitor gas flaring to identify areas where gas flaring has been reduced over time? Is it 

possible to independently estimate gas flaring volumes? 

To address these questions, in a project sponsored by the GGFR Partnership, we have investigated 

the use of earth observation satellite data for the detection of gas flaring and estimation of gas flaring 

volumes. Because of their ability to collect consistent data repeatedly over large areas satellite sensors 

would appear to have good potential for observing gas flaring activity. However, none of the currently 

available earth observation sensors have been designed and flown specifically for the observation of 

gas flaring. In reviewing the available sources we found several satellite systems have a capability to 

detect gas flares based on the radiative emissions from the flames. Given the wide spatial distribution 

and possibility that gas flaring activity fluctuates over time, particular attention has to be given to 

sensors that collect data globally on a frequent basis and have a capability to readily detect gas flaring. 

The other factor to consider is the length of the archived record and the prospects for continuity of the 

observations. Based on these considerations we have initially worked with the low light imaging data 

from the U.S. Air Force Defense Meteorological Satellite Program (DMSP) Operational Linescan 

System (OLS). The detection of gas flares in OLS data was first described in the early 1970ôs [1]. A 

digital archive of OLS data extends from 1992 to the present and the observations are expected to 

continue into the coming decades from DMSP and the U.S. National Polar Orbiting Environmental 
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Satellite System (NPOESS). In this paper we present annual results from the DMSP archive spanning 

1994 through 2008. 

 

2. Experimental Section 

 

2.1. DMSP Nighttime Lights 

 

The DMSP OLS was designed to collect global cloud imagery using a pair of broad spectral bands 

placed in the visible and thermal. The DMSP satellites are flown in polar orbits and each collects 

fourteen orbits per day. With a 3,000 km swath width,  each OLS is capable of collecting a complete 

set of images of the Earth twice a day. At night the visible band signal is intensified with a 

photomultiplier tube (PMT) to enable the detection of moonlit clouds. The boost in gain enables the 

detection of lights present at the Earthôs surface. Most of the lights are from human settlements (cities 

and towns) and ephemeral fires. Gas flares are also detected and can easily be identified when they are 

offshore or in isolated areas not impacted by urban lighting. 

NGDC serves as the long term archive for DMSP, with data extending from 1992 to the present. 

The archive is organized as individual orbits which are labeled to indicate the year, month, date and 

start time. For this project the individual orbits were processed with automatic algorithms that identify 

image features (such as lights and clouds) and the quality of the nighttime data [2,3]. The following 

criteria were used to identify the best nighttime lights data for compositing: 

1. Center half of orbital swath (best geolocation, reduced noise, and sharpest features). 

2. No sunlight present. 

3. No moonlight present. 

4. No solar glare contamination. 

5. Cloud-free (based on thermal detection of clouds). 

6. No contamination from auroral emissions. 

Nighttime image data from individual orbits that meet the above criteria are added into a global 

latitude-longitude grid (Platte Carree projection) having a resolution of 30 arc seconds. This grid cell 

size is approximately a square kilometer at the equator. The total number of coverages and number of 

cloud-free coverages are also tallied. In the typical annual cloud-free composite most areas have 

twenty to a hundred cloud-free observations (Figure 2), providing a temporal sampling of activities 

such as gas flaring. Before being used in the gas flaring analysis each composite is converted into a 

Mollweide one km
2
 equal area grid (see Figure 3). 

The nighttime lights product used in the gas flaring analysis is the average visible band digital 

number (DN) of cloud-free light detections multiplied by the percent frequency of light detection. The 

inclusion of the percent frequency of detection term normalizes the resulting digital values for 

variations in the persistence of flaring. For instance the value for a gas flare only detected half the time 

is discounted by 50%. This style of nighttime lights is referred to as the ñlights indexò. The gas flaring 

analyses are conducted on the lights index images that have been converted to one kilometer square 

equal area grids (Mollweide projection, see Figure 3). The ñsum of lights indexò used to analyze the 

magnitude of gas flaring is derived by summing the lights index values of 8.0 or greater for all the  
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one km
2
 grid cells identified as gas flares. Grid cells having lights index values of less than eight are 

ignored to eliminate background noise present in the products. Analysis of the actual value of the 

threshold showed no qualitative differences as the threshold was adjusted. 

 

Figure 2. Tally of cloud-free coverages from DMSP satellite F16 for the year 2004. 

 

 

 

Figure 3. Mollweide equal area projection version of the DMSP nighttime lights derived 

from satellite F16 for year 2004. 

 

 

 

A set of annual composites were processed for each satellite that collected nighttime lights data 

from 1994 through 2008 (see Table 1). Each satellite is designated with a flight number, such as F12 

for DMSP satellite number 12. Data for the archive generally begins within a few weeks after launch. 

Over time the satellites/sensors age and eventually are no longer able to produce data. The degradation 

is typically gradual enough that a replacement satellite can be deployed to ensure continuity. Thus in 

most years two satellites collected data and two separate composites were produced. The annual 

composites were used to estimate gas flaring volumes for each year from 1994 through 2008. The 

earlier part of the DMSP archive (1992ï1994) was not found to be consistent with the later part of the 
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record. It may be possible to extend the record back to 1992 if current efforts to create an absolute 

calibration succeed. 

 

Table 1. Annual composites produced. 

Year Satellite 

1994  F12    

1995  F12       

1996  F12       

1997  F12  F14     

1998  F12  F14     

1999  F12  F14     

2000    F14  F15   

2001    F14  F15   

2002    F14  F15   

2003    F14  F15   

2004     F15  F16 

2005     F15  F16 

2006      F15  F16 

2007    F15  F16 

2008    F15  F16 

 

2.2. Intercalibration of the Annual Composites 

 

Because the OLS has no on-board calibration the individual composites were intercalibrated via an 

empirical procedure. Samples of lighting from human settlements (cities and towns) were extracted 

from numerous candidate calibration areas and examined. In reviewing the data it was found that the 

data from satellite year F121999 had the highest digital values. Because there is saturation (DN = 63) 

in the bright cores of urban centers and large gas flares, F121999 was used as the reference and the 

data from all other satellite years were adjusted to match the F121999 data range. In examining the 

candidate calibration areas it was found that many had a cluster of very high values (including 

saturated data with DN = 63) and a second cluster of very low values. We concluded that having a 

wide spread of digital number values would be a valuable characteristics since it would permit a more 

accurate definition of the intercalibration equation. By examining the scattergrams of the digital 

number values for each year versus F121999 we were able to observe evidence of changes in lighting 

based on the width of the primary data axis and outliers away from the primary axis. Our interpretation 

was that areas having very little change in lighting over time would have a clearly defined diagonal 

axis with minimal width. Of all the areas examined Sicily had the most favorable characteristics ï an 

even spread of data across the full dynamic range and a more sharply defined diagonal clusters of 

points. Figure 4 shows the scattergrams for each of the satellite years versus F121999 for the nighttime 

lights of Sicily. The second order regression model was developed for each satellite year is shown  

in Table 2. 
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Figure 4. The intercalibration was based on regressions against F121999 images of Sicily 

(vertical axis). A second order fit is drawn on the density distribution of pixels. Regression 

results are presented in Table 2. 

 

   
 

The objective of the intercalibration is to make it possible to pool the sum of lights index values 

from each year of the time series. One sign of a successful intercalibration is the convergence of values 

in years where two satellite products are available. In most cases the intercalibration yielded 

substantial convergence. Figure 5 shows the raw versus intercalibrated estimates of gas flaring for 

Algeria. In reviewing the results for many other countries it is clear that the intercalibration brought 

about substantial convergence. However it was not uncommon for the convergence to be incomplete 

for one or two years out of the fifteen. An example of this is shown for the 2002 and 2003 Algeria data 

where the F14 values are lower than those from F15. In reviewing the data from sixty countries there 

was no obvious pattern in the satellite or year for the cases of incomplete convergence. The lack of full 

convergence may be caused by diurnal changes in flaring activity since the overpass times of the 

satellites can differ by as much as two hours.  




