Deriving a relationship between the radiative power and the SWIR radiance for Gas Flares ;

6 Bundesministerium
fur Wirtschaft
und Technologie

Alexandre Caseiro, Johannes W. Kaiser, Angelika Heil Gernot Ruecker, Joachim Tiemann, David Leimbach
Max-Planck-Institute for Chemistry, Mainz, Germany Zebris GbR, Munich, Germany

aufgrund eines Beschlusses

MAX-PLANCK-INSTITUT - - des Deutschen Bundestages
. . . MAX-PLANCK-GESELLSCHAFT
alexandre.caseiro@mpic.de FUR CHEMIE

r

1 —-INTRODUCTION 2 - OVERALL WORKFLOW 6 — RADIATIVE POWER vs SWIR

g BIRD hot spot algorithm run on a selection of images (74) likely to contain GFs ; BIRD
: : L. : . - The fire clusters produced (and some bright spots) were checked for co-location with previously reported GFs ,
among other poll}ltants. At hlghe.tr. latitudes, 1t 1s estlmated to be the main - EIISTGI) c e resolition fiaess, 1ol o ot e dhbase aPAly Cras s RP, the normalized cluster energy.as output by BIRD allocated to the 61 Gbservatons on average per G
source of BC which, upon deposition on snow, lowers its albedo. Therefore, ) _ GFs was compared to the normalized SWIR radiance (average of the . RaciEnces 8t Sl esgtion

knowing the location and emissions of flares would be a valuable nput to - Retrieval of SWIR radiances in NADIR view for the locations reported by BIRD in a timespan > 2 months time series) at the co-located AATSR pixel (e).
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climate models. - AATSR

Development of an algorithm to detect and determine the radiative power of GFs ;
.- Comparison with the BIRD database J
[325 - 743]

The main goal of this work 1s to derive a working relationship between dataset (e).
Shortwave Infrared radiance at 1.6 pm (SWIR) and Rad%atlve Pow§r (.RP). This Sentinel-3 and FireBIRD o | | 325-743)
will be helpful in the processing chain used to determine the emissions from However, 1t 1s possible to subset the data regarding the temperature e T et o

gas flares for upcoming instruments, such as the SLSTR on Sentinel-3. Completed task | Tobeimplemented | reported by the BIRD fire processor (f). The reported temperatures span : (240503 2620403

4 * [2.82e+03 - 3.23e+03]

a wide range, from close to OK to about 3650K. For GFs, it 1s expected * [3.236+03 -3.65e+03]

| | | |

R that the temperature 1s around 1800K. 0 5 4 6
3 — BIRD RESULTS 4 — BIRD / AATSR CO-LOCATIONS oerage e TSR SWIR W o

d (e)

Flaring occurs in many regions and 1s a source of black carbon (BC) globally, In order to derive a working relationship between SWIR radiance an

All references

/

All Temperaturesggrp

The two variables are poorly correlated when considering the whole

BIRD Temperature, K

normalized BIRD radiative power W

Temperature: 0 < Tgrp <= 700 K Temperature: 700 < Tgrp <= 850 K Temperature: 850 < Tgrp <= 1000 K
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The complete BIRD data acquisitions consists of 430 dataset over all continents, of which In order to derive the relationship between RP and SWIR, RP B i B i TSl thllle sr;lel)anslet;z% iléerga(tit:gsgd
74 are considered suitable based on a minimum coverage of verified GFs present in a gas assigned to GFs observed by BIRD 1s related to the SWIR o0 S+ a0 L S s 1oees, o5 e 159180 1 Ipetatt P Y
. . . . . .. BIRD (1), it can be seen that for
flaring map extracted from previous works [4, 5, 6]. radiance time series as observed by AATSR at that location in AP = 18495515 SR + 1138535 = 1 .
: s | higher temperatures, the
a temporal window of > 2 months around the BIRD linearity bet 0 the t
The fire-clusters detected on those images by the BIRD algorithm [2, 3] are tested for observation. catity DELWEE © WO
. o .. . . ’ —— variables increases.
GFs by means of comparison with high resolution 1images and the collection of verified 80 L Y
GFs. For most GFs, the number of co-locations 1s 55 — 70 (b). enbibattesiel ke ' ) ; ' ' ) ; ' : . ; '
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RP = 2122761 SWIR + 885093.8 r? = 0.97
Nn=4 gas flares, observation closest in time
All radiances at’ GFLocation

DP = 23619715 SWIR + 18683.63r% = 0.52
N=18 gas flares, observation closest in time
All radiances at GFLocation

Number of GFs
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normalized BIRD radiative power W
normalized BIRD radiative power W
normalized BIRD radiative power W

. The dataset comprehends 57

. . . . L. GFs with T>1000K. Lower
The ldentlﬁed Gas Flares locatlons were Conﬁrmed by hlgh_resolutlon 1magery (]mage), Temperature: 1000 < Tgrp <= 1150K Temperature: 1150 < Tgrp <= 1300 K Temperature: 1300 < Tgrp <= 3649 K

by other datasets (Verified flares) or by both (Verified flares + Image). S — SWIR RADIANCE FROM AATSR Al refereces ~ — e temperature values are very

N Redorresk Froedton. N Redorses #t GFrenton. A Redoreel mt GPredton. unlikely for GFs. For those 57
_ =51 ges s, tmeseres averoge GFs, the correlation between

wegesiis | the normalized RPand  the
normalized SWIR radiance 1s

moderate (g).
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average normalized AATSR SWIR W m™2 sr™t um™ average normalized AATSR SWIR W m™2 sr™! um~ average normalized AATSR SWIR W m™2 sr™! um~

RP = .68424241VSWIR + 53288323612 =1 Less than two available obhservations
Nn=>5 gas flares, observation closest in time

All radiances at GFLocation

After removing GFs associated to clusters with an unlikely temperature (T<OK or The SWIR signal from the AATSR pixel where the GF was identified by BIRD was
T>2750K), the database comprises 362 GFs associated to 130 clusters. 27 gas flares that retrieved. The signal 1s considered as being above the detection limit if its value 1s > 3%
are not associated to a BIRD-fire-cluster but close to a bright spot are also 1dentified. background standard deviation. The background is a window of ~10x10 km? around the

Unique GFs associated with a cluster, 0 < T < 2750 GF pixel. The reported radiance value 1s the radiance minus the background average. . &6

BIRD Temperature, K (a) GF Reference T T T T T T T T T T 1
[321 - 470] O Image 140 flares 0 2 4 6 0 2 4 6 0 2 4 6

(470 - 617] o Verified flares 44 flares 1 1 1af1 1 average normalized AATSR SWIR W m™ sr™! ym™
] B verfiod Hores 4 Imare 175 flares Since the BIRD Fire Processor reports Radiative Power for clusters of cells to which more °

. . . 1s taking i1nto account the
1611 - 1060403} + None 3 flares than one reported GF may be associated (c), the Radiative Power was normalized. Also, (h) 2 5

1.06e+03 -1.21e+03 : iy e : | | | reference by which the GF
1210403 -1,350403] more than one GF Location may be within the borders of the AATSR pixel (d). Therefore, All references Reference: Hires Image + Verf . Y
[1.35e+03 -1.5e+03] 5 5 58 observations on average per GF 60 observations on average per GF IOCEI'[lOIl was COIlﬁI’med

the SWIR radiance must also be normalized.
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. Another way to subset the data
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Temperatureggp > 1000 K Temperatureggp > 1000 K

In order to 1ncrease the
certainty of a GF detection by
All Radiances at GFLocation BIRD’ Of the GFS Wlth
: T>1000K only those which

BIRD Temperature, K BIRD Temperature, K . .
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; i L g, : ; ; 8 variables 1s further increased.
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number of GFs per Cluster

Co-locations within the AATSR pixel

(C) 60 Distribution of the number of GFs per Cluster (d)
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Clusters with only 1 GF: 57

N
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China :4 Gas Flares (4 Clusters)

Average number of additional co-locations per AATSR pixel

Kanada :5 Gas Flares (3 Clusters)

Naher Osten :304 Gas Flares (104 Clusters) §{ & =~ ¥uD, /e .
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