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Under climate change conditions, gases from oil fires may cause environmental 

damage proportional to the number of oil fields and their production capacity. 

Fire Radiant Power (FRP) used as an indicator of the combustion area (emission). 

The spatial resolution of bands were 370 m per pixel. The results showed high 

productivity in large fields such as Wahat 3.62 FRP 347.33 BT and Nafora-C 

3.24 FRP with 335.46 BT, the weakest field recorded in Intisar-A was 0.6 FRP 

and 299.21 BT. For a monthly time series, in April highest FRP value recorded, 

the weak values were recorded in winter and fall months. This study recommends 

a health survey of workers and residents near those fields, and a field assessment 

of air pollution for the entire oil crescent is needed. 
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1. Introduction  

Oil associated gas is produced along with crude oil as 

shown in table(1),in oil reservoirs, either dissolved in 

the oil or as a gas dome above the oil in the reservoir[1]. 

Historically, this gas present with crude oil and removed 

with production waste in the oil extraction industry. 

Since many of the fields are remote in the prairies and 

seas, this associated gas was burned to get rid of it and 

this burned  gas called ignition gas[2]. Benefit from the 

gas in several ways after processing it, by selling it, or 

using it to generate electricity on site using electric 

generators or a turbine engine. Also, inject gas into the 

reservoir to enhance or improve oil extraction or be used 

as a raw material in petrochemical plants [3]. Russia 

tops the list of countries that flare the most associated 

gases, burning 30% of all associated gases flared in the 

world [4].Flaring of associated gases is controversial 

because it pollutes the atmosphere, exacerbates global 

warming, and is a waste of a valuable energy source. 

https://uot.ed.ly/journals/index.php/ljs/
mailto:dmageel@elmergib.edu.ly


LJS Vol. 27, No. 02 (2024) 85-95        86 
 

Associated gas is flared in many energy-short 

countries[5].In the United Kingdom, gas cannot be 

ignited without government permission and approval to 

avoid waste and to protect the environment[6].The 

World Bank estimates that 150 billion cubic meters of 

natural gas is flared or released into the atmosphere 

annually. This gas is valued at 30.6 billion US dollars 

and is equivalent to 25% of the annual American gas 

consumption or 30% of the European Union's annual 

gas consumption, and convert it into more useful 

petroleum liquids through gas liquefaction [7]. 

Table.1. Natural gas components [8] 

Gas 
Chemical 

formula 

Volumetric 

percentage (%) 

Methane CH4 81 

Ethane C2H6 5.5 

Propane C3H8 6.6 

Butane C4H10 4 

Pentan C5H12 1.4 

Nitrogen N2 1 

Carbon dioxide CO2 0.7 
 

A fire of these gases burns violently out of control, and 

progresses through four different stages: ignition, flame, 

combustion, and extinction . Fire severity can vary 

primarily in relation to the moisture content of the 

combustible material, wind, air temperature, humidity, 

and slope. The amount of fuel load available is one of 

the most important variables that affect the behavior and 

severity of a fire [9]. Gases and aerosols released into 

the atmosphere during the combustion process have a 

significant impact on atmospheric chemistry and the 

regional and international land environment [10]. Most 

of these emissions occur during the flame and 

combustion phases. The majority of carbon monoxide, 

carbon dioxide, and water emissions occur during the 

flame phase; In the ignition stage, most trace gases and 

particulate matter are released [11].  

Hot spots exist everywhere on the FRP product, 

implemented by Suomi bands, monitors the total 

radiative energy of all detectable land hotspots on our 

planet[12].Industrial gas flares emit radiation signatures 

with high seasonal and geographic variability. When 

these events are not controlled, they can have 

devastating effects on our global atmosphere, and on 

those living in nearby areas[13].In addition to its 

primary marine and continental targets, the FRP scale 

on board of VIIRS satellite, detects and monitors direct 

threats of any “burning” events over an area of 375 

metres. They are usually grouped under the term 

hotspots.The FRP processor determines the radiative 

power of any hotspot found on Earth's surfaces. All 

hotspots were identified and marked within three hours 

of the VIIRS observation time. The ground temperature  

about 300 K, and the burning temperature  between 

75to1200 K [14].The heating flame (FRP) generated by 

the flammable gas can sometimes heat beyond 1,500 K. 

Hence, they are generally classified as hotspots. 

Regardless of its location (earth surface or ocean), its 

radiative temperature results in a spectral heating signal 

that can be seen from space. As temperature increases, 

the peak radiative emission moves towards shorter 

wavelengths. Thus, fire signals peak in the mid-wave 

infrared (MWIR), between 3 and 5 µm, while hotter 

objects may show a higher signal in the short-wave 

infrared (SWIR), between 1.5 and 2.3 µm [15]. Another 

common denominator is their enormous impacts on our 

environment. Fires are an important source of 

atmospheric trace gases and black carbon (BC) particles, 

which harm human health and contribute to climate 

change.The high frequency of fires leads to an increase 

in the cumulative buildup of carbon concentrations in 

the atmosphere. The average global fire emissions for 

the period 1997-2016 are estimated at 2.2 picograms of 

carbon per year, with significant inter annual variability. 

Net greenhouse gas emissions from all fires averaged 

six percent of global fossil fuel CO2 emissions in 2014, 
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with deforestation and tropical peat fires being the most 

common source [16].The VIIRS 375 m active fire 

product builds on the legacy of MODIS fire products, 

using a contextual multispectral algorithm to identify 

sub pixel fire activity and other thermal anomalies in 

Level 1 (patch) input data. The algorithm uses all five 

375-meter VIIRS channels to detect fires and separate 

land, water and cloud pixels in the image. Additional 

750 m channels complement the available VIIRS 

multispectral data. These channels are used as input to 

the primary active fire detection product, which 

provides continuity to the EOS/MODIS product of 1 km 

fire and thermal anomalies [17].The aim of this research 

is to evaluate of FRP size from the targeted fields.and to 

identify on the residential communities that near from 

those fields.Also finding the relationship between FRP 

and brightness temperature. 

2. Method and Materials 

2.1. Study Site 

Study area as shown in Figure(1) located between 

30°.85'10"N, 20°43'29" E & 28°39'930"N, 

19°.86'93"E,within the desert lands in eastern Libya. 

Study area covered 41,812 km2 , included; Jalo, Awjila, 

Zala and Jakhrah villages, Zelten ,Messlah,Maged and 

Al-Nafoura as oil fields. Which are vital areas closely 

linked to oil production, as they are the main source of 

oil. However, it is part of the country's oil wealth. 

Satellite images acquired annually for this area show 

many active fires. However, only a few studies have 

been conducted on off-gas fires for these oil fields using 

VIIRSsatellite data.  

 

Fig. 1. Study location 

As shown in Table (2) [18], data was obtained from the 

VIIRS sensor aboard the joint NASA/NOAA Suomi 

National Polar-orbiting Partnership (Suomi, NPP). In 

this research,hot spots of fire gases was presented in red 

slexip, each one represent brightness temperature of the 

fire in kelvin and radiative power of fair in megawatts 

(MW). Pixel size/dimension is affected by satellite view 

geometry and curvature of Earth’s surface. 

Consequently, pixel size becomes more distorted with 

increasing distance from the point immediately below 

the satellite. The reported coordinate is the center of 

each pixel’s footprint.The fire scars were mapped over 

a VIIRS images with a spatial resolution of 375 m and 

an acquisition date of 2023. Fourteen products were 

downloaded during study area they are selected 

randomly. The average Fire Radiative Power (FRP) was 

obtained from the mean value of three VIIRS fire pixels 

[19]. VIIRS detectors have a fixed angular resolution 

that results in pixel size detection, Where the scan is 

identical to the fire location [20]. The fire was further 

explained while processing a batch of data and deleting 

overlapping and distorted pixels. The VIIRS 375 m 

active fire product was described using a fire 

identification algorithm, which uses pixels as a 

numerical system of fire coverage areas. The VIIRS 
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sensor on board the Suomi NPP satellite is located in 

equator orbit. 

Table. 2. Attribute fields for NRT VIIRS 375 m active fire data 

2.2. Brightness algorithm 

For calculate brightness temperature, Plank law used as 

follow in equation (1), [21]:  

Iv = 

2 ℎ 𝑣3

𝑐2  
1

𝑒 
ℎ𝑣

𝑘 𝑇
 − 1

                         (1) 

Where 

IV  is the Brightness Temperature size ,  

e is the amount of energy emitted per unit surface area,  

T is the temperature of the red body 

h is Planck's constant; v is frequency; c is the speed of 

light; and  

k is the Boltzmann constant. 
 

 

2.3. FRP account 

Fire pixel saturation have fourteen channel in the mid-

infrared, and calculated using 

VIIRS data by following algorithm (2), [22]: 

 

FRP = 
𝐴 𝜎 ( 𝐿13−𝐿13𝐵   )

𝛼
 . 10−6             (2) 

Where 

A is the pixel area which varies as a function of scan 

angle. 

𝜎 is Poltzman constant (5.67×10-8 Wm-2K-4). 

𝛼 is a channel-specific constant(VIIRS M13=2.88×10-9 

Wm). 

L13 is the M13 channel fire pixel.  

L13B is mean background radiances. 

 2.4. Regression analysis 

For clarify relationship between FRP and Iv (brightness 

temperature), MATLAB program analyzer used the 

following formula(3),[23],it allows the variable values 

to be classified into multiple colors. Therefore, it was 

preferred because it clarifies these values more precisely 

and eliminates the harsh and divergent values. 

FRP= 8.3338 x 10-5 x Iv
3 – 6.11707 x 102 x Iv

2 + 14.8674x  

Iv
 -1150.92             (3) 

Where 

 Iv in kelvin (K), and FRP in mega watt(mw).  

3.  Results and Discussion 

3.1. Detection of FRP distributions 

 Red pixels used to represent AFP, which expresses the 

intensity of heat emitted by gases resulting from 

combustion. Thermal anomalies (Or known as the 

gastail) that do not express on the combustion intensity  

were hidden, as it is far from the emission center and 

would be a false alarm for it. The spatial resolution 

technique was used daily during the study year (2023).  
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Fig.2. Shows lift column (Fig.2A) represents red channel pixels of gas emissions from oil and gas fields, while into right 

column (Fig.2B) shown b bitttDAiiStAsrAbtttbAS rates measured SiDSlAK iD  with pixel numbers

 tLC ltxLmrC tnC nLaC  tdnnLmC i C LadmtdiLC itLC intttinLrrC

aLtnLLCi CLd tCltxLmCnL  naLaCen  CitLCrlditdmCadidC aLnC

rita3CC area ،CCdrCrt  nCtnCltttnLC0Cn  mt n- N.C naCtnC

itLCrd LCetttnLC in CN  mt n-4nC. tLCintttinLrrCaLtnLLC

 drC  dm tmdiLaCtrtntC itLCIttRIC t-4dnaC curve ،C tLnLC

itLCintttinLrrCadmtLC drCnB C tittnC0fC pixels ،C ttmLCitLC
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atriCri n r.CPnm3CtnCLdnm3Cidntdn3CitLnLC drCmtiimLCadidC

n iCLx LLatntC2.fC mw ،C andC2.25 mw value recorded 

in last January as evidence on disappearance of the 

previously mentioned barriers.   

Fig.3. Daily data of FRP rates during study year 
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In the following table(3), shown fourteen oil fields was 

targeted in this study,with attribute fields of VIIRS 

Soumi bands.where observed that Wahah field 

emissions was higher value of FRP, then Nafura-C and 

Zaltan fields respectively, because of they are biggest 

fields from the rest of fields. Higher FRP rate observed 

in Wahah field was 3.47 mw and lowest FRP rate was 

0.6 mw in Intisar-A field, this meaning that size of field 

and emission time with along scan or along track were 

factors linked with each other. 

In Figure(4), showed histogram from highest to lowest 

emission of study wells respectively, and found 

convergence between high values of Wahah, Nafura-C, 

Zaltan,and Majid fields, because of high in brightness 

temperature,and FRP, but there were low values from 

along scan or along track to same fields. Also showed in 

August was prevalent as the highest emissions from 

these fields, and weak in October. Highest brightness 

temperature observed in Jalu field with FRP value is 

weak; this mean there is positive relationship between 

FRP emissions and brightness temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Histogram shown oil and gas wells with their FRP 

emissions 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Verification from Residential environment close 

to fields 
 
 tnLLC nLrtaLnitdmC     tntitLrC  LnLC taLnitetLaC diC itLC

rita3C site ،C tt tC LnLC m rLCi CtdrCL trrt nrCen  CitLC

rita3C fields ،CdnaC dnLC  eiLnC LxlL iLaC i C iLC   nLC

atmnLndimLCi CitLrLCtdidna trCL trrt nr.Csdn3C eCitLrLC

    tntitLrC dnLC   n LnindiLaC tnC itnLLC nLtt nrC  titC

rt tmdnCaL  tndltt CC characteristics ،Crt tCdrJCidm =C m-

tdtdi=C stiadt=C dnaC idatendt.C tiC trC Lxl rLaC i C itLC

adntLnC  eC  nid tndiLaC tn tna diLnC dnaC dtnC

l mmtit n. They CmtaLrCdlln xt diLm3C nLCatm  LiLnCen  C

No. 

 

Location 

 
natitude nongitude 

Brightness 

Temperature 
Along 

 can 
Along 

Track 
Month FRP 

1 Wahat 27.98428 22.32694 347.33 1.18 1.08 3-2023 3.62 

2 Intisar A 27.98593 19.90727 299.21 0.56 0.43 10-2023 0.6 

3 Intisar B 28.05612 19.91298 315.67 0.57 0.63 8-2023 1.74 

4 Zaltan 28.05612   .  0 n n28.24 0.44 0.75 4-2023 .2 3  

5 Messlah 28.05612 19.91298 309.21 0.57 0.44 8-2023  . n 

6 Attiffel 28.91448 19.77789 299.85 0.65 2. n 8-2023 1.29 

7 Majid 28.9097 19.77543 312.77 0.41 0.37 3-2023 0. n 

8 Jalu 28.88598 19.80692 311.74 0.72 0.76 8-2023  .2n 

9 Nafura-A 28.10138 19.25169 306.41 0.44 0.46 8-2023  .2  

10 Nafura-B 28.90403 20.95813 304.72 0.51 0.41 8-2023 2.32 

11 Nafura-C 28.90633 20.95741 335.46 0.39 0.44 4-2023 3.24 

12 Raqubah 28.90701 20.95312 341.35 0.64 0.54 3-2023 2.02 

13 Attahadi 28.91092 20.96698 302.85 0.63 0.54 4-2023 .1 54 

14 Hutaybah 28.8996 20.96278 306.15 0.51 0.41 6-2023 0.91 

Table.3. Study fields and their products from FRP 
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 tmC dnaC tdrC Lmmr.C l nC example ،C JdmuC and Gekera and 

AlWahat are 20 km away Cen  C Al WahatC field ،CdnaC

srada CtrC. 50 kmC awayC from ZaltenC field. Population 

statistics for the areas near the study fields were as 

follows: in   Awjila village were 8,515 people according 

to the 2006 census, in Jalu village 7,963 people 

according to the 2010 census, in Jakhra village arrive to 

4,117 people according to the 2006 census, and in 

Marada village were 2,229 people according to the 2006 

census. They live within 1 to 15 miles of active oil fields. 

Figure (5) shows rLrtaLnitdmC     tntitLrC nLdnC itLrLC

etLmarC dnLC   nLC diC ntraC  eC lnL ditnC itnit=C m  -itnit-

 LtttiCiditLrC itdnCn n dm=C d tiLC nLrltndi n3CatrLdrLr=C

dnaC dn LnC [24]. etatntCnLdnC tmC LmmrCtrCdrr  tdiLaC titC

aL nLdrLaC mtntC etn it nC dnaC wheezing ،CdnaC tnC r  LC

cases ،Cad dtLCi CitLCnLrltndi n3Cr3riL CntadmrCitdiCen  C

adtm3CLxl rtnLCi CrL  natdnaCr  aLC nCmtatntCnLxiCi CdC

highway ،Cd   natntCi CdCnL LniCrita3CltimtrtLaCtnCitLC

i tnndmC  eC tnatn n LnidmC RLrLdn tC

[25]. .tnatn n LnidmC daa  d 3C tn tlrC tdaLC tntLaC itLC

 nLdit nC eCdC0=f22-e  iCiteeLnCi nL=CiLi LLnCe rrtmCetLmC

 lLndit nr=Ct  LrCdnaCr t  mr[26]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. Habitat close to emission sources 

The relationship between brightness temperature from 

VIIRS-Suomi band data (vertical axis) and FRP for 

same fire pixel from VIIRS-Suomi band fire product 

(Horizontal axis), colors in dots refers to correlation 

even small fires. In Figure (6) shown RGB (red,green 

and blue) color values, where red color represents strong 

relation values between bright temperature and Fire 

Radiative Power, with range 1.0 to 2.5 megawatts , and 

300 to 330 kelvin. Yellow, green and cyan colors 

represents duplicates dots between bright temperature 

(Tb ) and FRP values, with range 331 -335 kelvin and 

2.60 to 2.75 megawatts. The relationship between two 

variables started to change in blue color with high 

values of each of them, regression line gives a clear 

negative relationship, but it is weak and not affect on 

strong positive relation. For range from 2.76 to 3.5 mw 

with 340 t0 350 (k), they are represents dispersion 

values (negative relationship) and the positive 

relationship decrease. 

 

Fig.6. Numerical relation between Brightness 

temperature ( K) and FRP data 

4.  Conclusion 

Fire radiant power (FRP) with the 375-meter VIIRS I-

Band data were very low FRP, which represented false 

alarms. A small number of these alarms were verified 

using high spatial resolution images before and after 

firing, which showed that burned areas. VIIRS data had 

significant advantages,it detected active fires with a 

minimum FRP of less than 1 mw. From analyzed data 

showed that FRP values was not high (up to 5mw) 
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, which indicates to wavelengths that used in distinguish 

FRP in red color. Also ttLrLC etnatntrC ttttmtttiC itLC

t l nidn LC  eC dC rin ntC dlln d tC i C ln iL itntCC

    tntitLrC nCitLCen niCmtnLrCen  CitLCtdn etmCt ld irC

drr  tdiLaC titC tmCdnaCtdrCln at it n.Cl nCittrCnLdr n=C

Lnatn n LnidmC ln iL it nC ln eLrrt ndmrC  triC nLm3C  nC

n itriC dnaC    lnLtLnrtaLC Lit arC itdiC tn mtaLC idrt C

ln atrt nrC rt tC drC enL tLniC mLdaC tnrlL it nrC LaLnC tnC

r dmmLnC Lmmr. naCi CtdaLCrint iCdtnCl mmtit nCntmLrCitdiC

  tmaC ln iL iC it rLC     tntitLrC from C tmC dnaC tdrC

 lLndit nr،  this CnL ttnLCtnrlL it nrCdiCdmmC LmmCrtiLrCdnaC

ln ttiti burning of the oil randomly.  
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