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Executive Summary

A series of active fire (AF) detection/fire radiat power (FRP) products are
generated at the Land Surface Analysis Satellitplidations Facility (LSA SAF).
The FRP-PIXEL (LSA-502) and FRP-GRID (LSA-503) pucts are derived using
data from SEVIRI, which operates on-board the Met¢&econd Generation (MSG)
series of geostationary EO satellites. The prongsshain developed to deliver these
FRP products detects SEVIRI pixels containing atyivburning fires and
characterises their FRP output across Europe,op&@buth America and Africa. The
FRP-PIXEL product contains the highest spatial tmdporal resolution FRP dataset,
whilst the FRP-GRID product contains a spatio-terapsummary that includes bias
adjustments for the non-detection of low FRP fiee[s and correction for cloud
cover. Here we perform an evaluation of these pwamlucts, primarily using active
fire detections and FRP data collected by the 1dpatial resolution Moderate
Resolution Imaging Spectroradiometer (MODIS). M@GD$ generally accepted at
the current standard for these types of produats, ia able to detect fires of
significantly lower FRP than SEVIRI due to its muulgher spatial resolution. Data
from July 2015 have been used herein, including -PREEL, FRP-GRID and
AQUA/TERRA MODIS AF products. Results show that FReasures included in
FRP-PIXEL meet the product Target Accuracy, with%/®f the per-fire FRP
measures within 50% of the FRP measured at the §agneear-simultaneosly with
MODIS, and with the FRP-GRID data having 54% of\ha&ies within a facor of 2 of
the equivalent value estimated using MODIS. In mary both the FRP-PIXEL and
FRP-GRID products fulfil their Target Accuracy régunents, and are the highest
temporal resolution FRP products currently avaddbdm Earth orbit. They therefore
provide unique data for use in monitoring fire asioke emissions from highly
variable landscape combustion, including for usatmospheric modelling aiming to
elucidate fire emissions transport and downstedettst
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1. Introduction

1.1. Landscape Fire Observations with Meteosat'2Generation

The European Organisation for the Exploitation Meteorological Satellites
(EUMETSAT) currently operates the Meteosat SecommhgBation (MSG) system,
Europe’s geostationary Earth Observation (EO) m@agne for studying weather,
climate and the environment. Since the first MS@nt&h in 2002, the Spinning
Enhanced Visible and Infrared Imager (SEVIRI) hasvgled multispectral,
radiometrically calibrated data of Europe, Afrieend a part of South America every
15 minutes at a 3 km spatial sampling distance €masryou get further away from the
sub-satellite point; SSP). SEVIRI data is capaifldeing used to detect actively
burning fires (Figure 1a) and the Fire RadiativevBio(FRP) of the detected fires can
be estimated from the recorded IR radiances. F&Pbeen shown to be directly
related to rates of fuel consumption and smoke ymtion (e.g. Freeborat al. 2008;
Kremenset al. 2012; Pereiraet al. 2011; Woosteet al. 2005), and SEVIRI in fact
provided the first geostationary EO data to be usegistimate FRP from landscape-
scale vegetation fires (Robedsal. 2005; Roberts and Wooster 2008; Woosteal.
2005). SEVIRI FRP data are generated at the LSA 8ARear real time in two
product forms (full resolution FRP-PIXEL and andulg summary product FRP-
GRID) and are now being used to paremeterise egtporal smoke emissions fields
for use in atmospheric modelling (e.g. Baldassatral, 2014), including in the
models used within the prototype GMES/Copernicusnddphere System (Robeds
al., 2015). The direct near-real time retrieval of FRImMost continueously from
geostationary orbit provides a unique view of costiaun whilst fires are still burning.

This validation report focuses on demonstrating ékent to which the LSA SAF
FRP-PIXEL and FRP-GRID products meet their accuraeguirements, and
providing an overview of overall product performanclhe prior version of this
validation report contained additional informati@m product algorithm stages,
impacts of the SEVIRI level 1.0 to 1.5 pre-procegsthain, and a demonstration of
use within atmospheric models. This information caw be variously found in the
product Algorithm Theoretical Basis Document (Gotset al., 2015) and Product
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User Manual (EUMETSAT, 2015), listed as Referenoewnents above, and in tv
papers (Woostest al.,2015 and Roberlet al.,2015) detailed in the Reference L

(a) SEVIRI MWIR Image (b) MODIS MWIR Image
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Figure 1. Near simultaneous MWIR imagery of fires m southern Africa from (a)

SEVIRI (IR3.9) and (b) MODIS (Band 21}, showing pixels with elevated MWIR
brightness temperatures as bright, and almost all fothese are likely fires. The aret
shown includes the Okavango deltwetland (around 250 km long) and wer collected at
12:50 UTC on 17th August 200 (10 mins time difference betweeMODIS and SEVIRI).

The polar orbiting MODIS and geostationary SEVIRI data are not exactly c-
registered, but cover approximately the same areaWhilst the increased spatial
resolution of the MODIS data is cleal, and allows more fires to be visually identified vie
their elevated MWIR signals, many of the fires caralso clearly be seen in the SEVIR
imagery (albeit with lower MWIR brightness temperatures sinceeachfires will be filling

a lower proportion of the larger SEVIRI pixel than the smaller matching MODIS
pixels). SEVIRI provides 96 images per day at a caistent view zenith angl, whilst at
this latitude MODIS provides up to four images per day, though soe will be at extreme
view zenith angles up to 6° where the MODIS spatial fidelity is far reduced and
MODIS pixels cover approximately the same ground area as doe: nadir SEVIRI pixel.

The local afternoon imaging time of MODIS Aqu: used here is relatively close to th
typical peak of the fire diurnal cycle, but the times ofthe other MODIS overpasses ar:
significantly distant from this.

10
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Whilst MSG proves to have an excellent capabiltgpdbve fire osbervations, it is not
perfect and some characteristics limit the prenisaf the resulting FRP data.
Saturation occurs in the SEVIRI IR3.9 channel M\WIR brightness temperature of
335 K, and high FRP fires can this saturate theggnan this channel. Saturated fire
pixels in the FRP products have their FRP upwaadjysted to account for certain of
the biases involved and thus estiamte the true @@Rieit with larger uncertainties
than for non-saturated fire pixels), and are flabge FRP derived from a saturated
pixel in the FRP products (specifically the FRP-BLXQuality Product discussed
herein). Full details of this and all other kepgwuct characteristics are included in
the FRP Product Product User Manual (PUM) availailéhe LSA SAF website
((http://landsaf.ipma.pt and in Woosteet al. (2015). There are also certain imaging
artefacts present in the SEVIRI data of activesfitbat impact for example the IR3.9
brightness temperatures seen surrounding active fixels (demonstrated in
Figure 2). To deliver the anti-aliased propertigeecified for SEVIRI level 1.5
imagery (Just, 2000; Deneke and Roebeling 2016)niée Impulse Response (FIR)
digital filter is applied to each line of SEVIRI@aand it is this filter which leads to
the BT peterbations seen in Figure 2 (Woosternl, 2015). All these effects are
planned to be removed in the Meteosat Third Geloeratystem, but currently impact
the precision of the MSG SEVIRI FRP retrievals. sThontributes both to the FRP
uncertainty estimates provided in the FRP prodwadivered by SEVIRI, and to
differences seen beteween MODIS and SEVIRI FRP uneaseen simultaneously at
the same fires as assessed in this report. Useuddsbe aware that beyond a SEVIRI
view zenith angle of around 60° (i.e. towards tdgesof the SEVIRI disk) the FRP
product performance degrades substantially dubdcektreme pixel sizes and view
angles involved, and thus users may wish to disdatd outside of this view angle

limit. Further information on this is detailed inet FRP Product Product User Manual
(PUM).

11
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Figure 2: Near simultaneous Meteosat-8 and -9 Band (MWIR) Imagery of a large,

intensely burning (high FRP) fire in southern Africa taken on 3 September 2007 during
a period of Meteosat-8 'Special operations' when th satellite had the application of
certain pre-processing digital filters removed temprarily. Data appear somwhat
different to that collected with the normally operaing Meteosat-9, as expained in
Wooster et al. (2015), particularly the brightness temperature paurbations seein the in
Meteosat-9 data either side of the fire pixels.

12
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1.2. LSA SAF Meteosat SEVIRI FRP Products

Two operational SEVIRI FRP products are deliveredmf Meteosat Second
Generation in near real-time and archived formHheyltSA SAF, whose role is to take
full advantage of remotely sensed data to suppand,l land—atmosphere and
biosphere applications, with an emphasis on theldpment and implementation of
algorithms allowing operational use of EUMETSATedhtes (Trigoet al, 2011).

The primary LSA SAF Meteosat SEVIRI FRP output he tLevel 2 FRP-PIXEL
product, delivered at the full spatial and tempaedolution of SEVIRI covering
Europe, Africa and part of South America, and asdary output is a Level 3 spatio-
temporal summary of these termed the FRP-GRID mmtodu

The FRP-PIXEL product provides information on thgatsal location, thermal
properties, atmospherically corrected FRP and tmiogy of pixels containing
actively burning fires every 15 minutes, based uponextended version of the
geostationary Fire Thermal Anomaly (FTA) activesfadetection algorithm of Roberts
and Wooster (2008), along with a set of FRP estonatoutines that are together
fully detailed in Woosteet al. (2015). The FRP-PIXEL product is delivered in two
separate fires, a List Product file where the FB&brds of all detected active fire
pixels are provided, and a Quality Product wherehgaixel in the Meteosat disk is
given a class related to whether or not it contairise, and if not why not. as fully
explained in the FRP Product User Manual (PUM)aalyereferred to.

From the FRP-PIXEL List Product, Figure shows thean FRP of each SEVIRI
pixel identified as a fire over seven years frond&@o 2013. The data show that the
major fire affected areas are southern Africa, @dnAfrica and South America.
Curently areas of the SEVIRI disk are delivereg@parate output files, but a single
full disk product will replace the four geograpHioagions in the new product version
to be delivered from late 2015, as explained in t8& SAF FRP Product User
Manual (PUM) already referred to.

13
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Figure 3. SEVIRI's imaging disk showing the mean pe-pixel FRP (MW) seen in eact
SEVIRI pixel, calculated using all FRF-PIXEL products from 2008 to 2013. Also notice
the four geographic regions that LS/ASAF SEVIRI products definded in previous
version will be conbined into one full disk product.

Figure shows an example of full disk quality product retest at 13:00 UTC on ™
July 2015.Confirmed fire pixes are shownn red, cloud in white anfire-free land
pale brown All FRP product files are stored in HDF5 formamhd further details o
their contents and accessibility can be found inogteret al. (2015) and the FR
Product User Manual (PUN

14
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Figure 4. FRP-PIXEL quality product classification scheme applied to the Meteosat full disk data
taken at 13:00 UTC on §' July 2015. The figure on the left show full diskthe middle figure is a
zoomed in versions in full disk over Southern Afria where the majoyority of fires occurred. The
panel on right shows the classification names. Futletails of the product can be found in Wooster
et al. (2015) and a colour paleltte has been applied hete display the data most effectively.

The secondary LSA SAF Meteosat SEVIRI FRP outp@ isvel 3 spatio-temporal
summary of a series of FRP-PIXEL products, ternmedRRP-GRID product. This is
issued hourly at a 5-degree grid cell size, andifeéip shows an example of the FRP
recorded in the FRP-GRID Product.
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Figure 5. Example of FRP-GRID product recoded on Suly 2015, 12:00 UTC. The total per-slot
FRP recorded from fires detected in each 5-degreaid cell is reported, given as the mean FRP
detected in the cell over the last hour. Fires arbere primarily located in southern Africa.
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Whilst the very high temporal resolution of theun®EVIRI dataset allows the FRP-
PIXEL product to provide an unprecedentied tempangight into the changing
combustion regime of the observed regions, anéfample otherwise unobtainable
information on details of the fire dirunal cycledpertset al, 2009), it does have
some limitations in terms of the type of fire faetivity that is able to be quantified.
In particular, the FRP-PIXEL product provides a mminm estimate of the FRP being
emitted from landscape fires because of (i) theilitg of the relatively courase
spatial resolution SEVIRI data to detect the lowd3P active fire pixels (Roberts and
Wooster, 2008; Freeboret al., 2014a) and (ii) the fact that the assessment @f th
highest FRP fires suffer from some adverse effeefsted to pixel saturation and
other SEVIRI-specific observation characteristissdiscussed above and in further
detail in Woostert al. (2015). In order to mitigate these impacts on negid-RP
estimation, the Level 3 FRP-GRID product includegain bias adjustement factors,
which are applied to the temporally accumulatedvactire pixels (and associated
information) held within the maximum of four FRPXHEL products obtained across
the full disk each hour. Woostet al. (2015) and the LSA SAF FRP Product User
Manual (PUM) describe the FRP-GRID prodct in fdhd Freeborret al. (2009)
describe certain of the ideas behind the bias-tatjusnt procedures applied.

The purpose of this Validation Report is to proviodgormation regarding the
evaluation of these two FRP products: FRP-PIXEL BR&-GRID. The evaluation is
based upon comparisons to active fire data coliebiethe polar orbiting MODIS
instrument. The relatively high spatial resolut@mhMODIS’ active fire observations
(1 km at nadir), and the high saturation tempeeatirits MIR channel (~ 500 K),
coupled with its better than daily availability frotwo platforms (the Terra and Aqua
satellites), ensure that the MODIS active fire dete and FRP product (Kaufmat
al., 1998; Giglioet al. 2003) are the standard against which geostationetrye fire
products are compared when performing product evalos (e.g. Xuet al, 2010;
Schroederet al., 2014; Roberts and Woostet al, 2015). Here we use near-
simultaneously recorded Collection 5 MODIS actiwe fdetections (MOD14 from
Terra and MYD14 from Aqua) as the basis of our LSAF SEVIRI FRP Product
performance evaluation.

16
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1.3 Definition of Accuracy Requirements
The user requirements for FRP products in geneeaé wollected in Table 1 below.
Here, we assess the accuracy requirements spégificathe SEVIRI FRP product

and in light of the theoretical performance thatéhievable with this sensor under its
standard operating conditions.

The three accuracy values tabulated below are elkfas follows:
Threshold accuracythis is the accuracy limit, which is needed sa tine
product fulfils its purpose.
Target accuracy:this is the average product accuracy under thaepte
operating conditions and with the instrument chiamstics of SEVIRI. With
this product quality the product will be valuabler fmost of the users
identified above.
Optimal accuracy:this is the accuracy that can be reached undemopt

conditions (sub-satellite point, cloud-free scehemogeneous background,
medium sized fire).

The accuracy of the SEVIRI FRP product will dep@&mdvarious factors related to
pixel resolution, channel saturation, viewing getsneand on-board and ground-
based pre-processing of raw signals (Wooste, 2015). Furthermore, the required
level of accuracy will depend on the applicationd alifferent aspects of accuracy
might be emphasized in different applications. Egample, a fire warning system
will be less concerned about the absolute quaivitatalue of FRP as long as the fire
can be reliably detected rapidly (with as few cossiun errors in particular) and
there is some indication about fire severity. Atptosric chemistry forecasts, and
even more so reanalysis simulations, on the othadhdepend on the reliability of
area-averaged fire emissions (and thus FRP) arelleas concern about the ability of
the instrument to capture each and every fire.

17
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Table 1: Summary of accuracy requirements for FRFRixel and FRP-GRID products.

Product Threshold Target Optimal
FRP-PIXEL successful detection of a 70% of retrieved FRP within 50%70% of retrieved FRP
(LSA-502) significant fraction of fires of "true" values as defined by  [within 20% of "true"

reproducing the spatial and |MODIS on a fire basis values as defined by
temporal distribution MODIS10% on a fire basis

FRP-GRID anything is useful as long as | NAfr/sAfr: 50% of predictions 50% of predictions within

(LSA-503) not biased: within 100% of MODIS 30% of MODIS
o measurement of FRP measurement of FRP
NAfr/SAfr: 20% of predictiong
within 100% of MODIS SAme/Euro: 25% of predictions
measurement of FRP within 100% of MODIS

o measurement of FRP
SAme: 15% of predictions

within 100% of MODIS
measurement of FRP

Euro: 5% of predictions withi
100% of MODIS measurement
of FRP

=

! successful detection of a significant fractionfioés reproducing the spatial and
temporal distribution can be considered the thriestawget

2. Validation Datasets and Methods

2.1 FRP-PIXEL Product

The full disk FRP-PIXEL product generated by LSAFS July 2015 is used for this
study, together with the matching MODIS MOD14 an¥M4 products. A total of
2843 FRP-PIXEL products and 567 MODIS productsused, along with 729 FRP-
GRID files. Freeborret al. (2014) found that FRP-PIXEL active fire detectemors

of commission reduced greatly (from 24% to 9%) whba MODIS active fire
detections being used as the independent dataeséurthe evaluation were limited
to a = 18.6° scan angle. Therefore, to mitigateirsgjathe impact of MODIS'
decreasing ability to detect low FRP pixels as MODBican angle increases, yet
balance this with the need to maintain sufficieatadin our intercomparison, we

18
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limited use of MODIS observations to those withirB&° scan angle within which
MODIS' pixel area increases up to a maximum ofkii? from the nadir 1 km? size
(Freeborret al, 2011).

We compared the active fire detections made by M®OWithin the 30 degree scan
angle limit to the active fire pixels present inetlffrRP-PIXEL product subsets
covering the same area and collected at the closasthing time (generally this will
be within ~ 6 minutes of the MODIS overpass). Taldeith the differing MODIS
and SEVIRI pixel sizes, we remapped the MODIS active data to SEVIRI's
imaging grid. SEVIRI’s per-pixel point spread fuioct (PSF) at the sub-satellite point
extends more than 5 km radially from the pixel cernWoosteret al., 2015), so
following the approach of Freebogt al. (2014) we evaluated active fire detection
performance using the presence of an active fixelpwithin a pixel window
centred on the active fire pixel under investigatwithin this grid as a matched
detection. For SEVIRI errors of commission we skadc for the presence of a
matching MODIS pixel for each SEVIRI active firexpl studied, whilst the reverse
analysis was conducted for SEVIRI errors of omissio

Figure shows one scene pair of MODIS and SEVIR& decorded at 12:00 UTC on
5th July 2015 over Southern Africa. Figure 6a shdhe brightness temperature
difference between th&EVIRI middle infrared(IR3.9) and longwave infrared
(IR10.8) bands, one of the key metrics used in active fire dedec{Roberts and
Wooster, 2008; Wooster et al, 2015). The cloud water bodies are masked out,
with the active fire pixels as bright points in theightness temperature (BT)
difference figure. Figure b shows the active fidesected by MOIDS mapped into the
SEVIRI projection (only those fires having a MODd8an angle less than 30 degree
are shown). Figure c illustrates the active fireedgons from the FRP-PIXEL product
made in the same area as the MODIS subscene. @herdearly many small fires
missed by the FRP-PIXEL product, which MODIS doetedt. This is mainly due to
the much higher nadir spatial resolution of MOIDE kin), which is nearly three
times the spatial sampling distance of SEVIRI (3) kah the SEVIRI sub satellite
point (SSP) and around 4 km of the SEVIRI sampling distancethis region.
Overall in this subscene, MODIS detected 2746direls, of which 912 (~33%) have
a corresponding pixel in the FRP-PIXEL product.tii¢ same timehe FRP-PIXEL
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product detected 1091 fire pixels, with 1005 (~92%) imgva corresponding MODIS
active fire pixel. This demonstrates a good SEVIRI FRP{IXactive fire pixel
detection rate when the spatial resolution diffeeebetween the two sensors is
considered.

Figure 6. MODIS and FRP-PIXEL detected active firesoverlain on a brightness temperature
(BT) difference image (middle infrared - longwave nifrared) taken by SEVIRI at 12:00 UTC on
5™ July 2015 over Southern Africa. a). BT differencebetween middle infrared and thermal
infrared; b). Fires detected by MODIS has a scan agle within 30 degree; c¢) Fires detected by
FRP-PIXEL within the same MODIS scan area. In thisscene, MODIS detected 2746 active fire
pixels, and 912 fire pixels (~33%) among those hawe corresponding pixel in the FRP-PIXEL
product. At the same time, the FRP-PIXEL product deéected 1091 active fire pixels, with 1005
(~92%) of those having a corresponding pixel in th&#1ODIS dataset.
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For the SEVIRI-to-MODIS FRP intercomparison, theF-Bf each active fire pixel
detected by MODIS was derived using the same MiiRarece approach to FRP
derivation as is used for SEVIRI (Woos#dral.,2005; 2015). This approach will also
be employed in the forthcoming Collection 6 MODISti&e fire products (L. Giglio,
pers comn). We atmospherically corrected these MODIS FRiimeses using the
same procedure applied when generating the FRP{PIKE®duct, detailed in
Woosteret al. (2015), based on an atmospheric transmission Upetable (LUT)
developed using the MODTRANS atmospheric radiatre@sfer models (Berkt al.
2005; Govaerts, 2006), ECMWF forecasts of totalewablumn vapour (interpolated
from an original spatial and temporal resolutior0d° and 3 hours), and information
on the MODIS 3.9 um channel spectral response. 1@iyethe adjustment for the
MWIR atmospheric transmission made to the SEVIRPHRta was larger than that
for MODIS, because the width of the SEVIRI IR3.%efpal band is significantly
wider than that of MODIS and extends into spectegjions having much lower
atmospheric transmission than does the MODIS bdfmbéteret al.,2015).

2.2 FRP-GRID Product

We evaluated the performance of the bias adjussregmplied during the FRP-GRID
product generation using a validation dataset camgoof coincident SEVIRI and
MODIS observations, collected again in July 201bhe relevant fire pixels from
MODIS that have a scan angle less than 30 degree wgain used, and the
boundaries encompassing these pixels were in éisis gsed to identify 5° regions for
the comparision. Active fire pixels detected by DIS outside of this region of
interest were not used during the analysis. Fighavs an example of one scene of
MODIS data taken at 12:30 UTC on"0uly 2015. The red dots are the active fires
from MODIS having a scan angle less than 30°. Mm@ 5 x 5 degree grid cells
bounded by the green borders are the only grid ¢tledit are defined by, and covered
in full, by those fires. Therefore only these twadgells were used in the comparison
on this particular SEVIRI-to-MODIS matchup. This ngaling design ensured
complete coverage of the 5.0° grid cells regardegshe MODIS ground track, and
also mitigated the effects of image distortion te edge of the MODIS swath. All
MODIS granules collected during the study periodrevenatched to the most
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concurrent FRP-GRID product, always within half ha@ each other. Since FRP-
GRID is the average of the previous hour of data ERP-GRID at 13:00UTC is the
average of 12:15, 12:30, 12:45 and 13:00 UTC of dbeesponding FRP-PIXEL
data) only MODIS data from 12:15 UTC to 12:45 UT@revused in the comparison
(i.e. and mean time of 12:30 UTC that matchesdh#tte FRP-GRID product).

Figure 7. Active fires from MODIS detected at 12:30JTC on 8" July 2015 over Southern Africa.
The blue lines are boundary of full scene of MODISthe red dots are those fires from MODIS
having a scan angle < 30 degree. Two 5 x 5 degre@gells with green boundaries lie towards
the middle of MODIS swath, are well covered with fies, and are thus those used in the

comparison from this particular MODIS-to-SEVIRI mat chup.
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3. Validation Results

3.1 FRP-PIXEL Product

3.1.1 Broad Dataset Characteristics

At total of 2843 FRP-PIXEL full disk products cowreg July 2015 were processed for
this performance evaluation, and were comparechagtie active fire data recorded
near simultaneously from MODIS. Figure 8 showsftrediurnal cycle recorded by
SEVIRI over the full disk during the month of JW®15 (local solar time: LST) for
reference. Fire activity generally starts in thdyemorning, peaks around 13:00 LST
and weakens in the afternoon. The diurnal cycleeis fire dynamic which can only
be revealed by geostationary satellites (Robettal, 2005; Roberts and Wooster
2008). Geostationary data also typically maximise number of cloud-free views of
fire events, and allow the daily temporal integratof FRP to fire radiative energy
and thus total fuel consumption and smoke emisgiaiertset al. 2009a; Robertst
al. 2009b). What is more, geostationary satellitesrottave a better opportunity to
detect small fires in early stage, potentially geyibetter timeliness with regards to
landscape management, response planning and fipression operations (Wooster
et al.2015; Xuet al.2010).
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Figure 8. Fire durinal cycle seenacross the full Meteosat disk as derived fronFRP-PIXEL data
recorded in July 2015and plotted against local time of day (day of montlshown’. Fires peak in
the early afternoon every da. Fire activity follows climate, and at thistime of year most fire
activity detected by SEVIRI is actually located in southern Africa rather than spread evenly
across the disk.

3.1.2 Active Fire Errors oOmission and Commssion

The summary of results of trSEVIRI-to-MODIS per-pixelactive fire detectiol
intercomparison are detailed in Table 1. From thedisk analysis, we find tit 71%
of MODIS’ active fire detections had no correspordBEVIRI-detected active fir
within the closest matching (in time) F-PIXEL product file. Ths 'active fire erro
of omission' rate is close to that found by Robet al. (2015) over the southe
Africa area, which is where most fires were locatadng theJuly 2015 perio of the
study datasetThe reverse analysis showed tl13% of the FRHARIXEL product
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active fire pixels had no matching MODIS activesfpixel, a very similar active fire
commission error to that found by Robesds al. (2015) for the SEVIRI FTA
algorithm over the southern African region. If vestrict our analysis area to southern
Africa only, the active fire error of comission lieduced to 12%, and the error of
ommission to 68%.

Table 2. SEVIRI FRP-PIXEL Product active fire detedion errors in comparison to MODIS.

LSA SAF Geographic Region Full | Southern
Disk Africa

Number of SEVIRI FRP-PIXEL active fire pixels preseat a| 53883 51912
coincident MODIS overpasses

Number of SEVIRI active fire pixels detected by MI3D 47035 45934
FRP-PIXEL Active Fire Detection Commission Error %43 12%
FRP-PIXEL Active Fire Detection Omission Error 71% | 68%

The per-pixel FRP frequency-density. FRP magnitude distribution of all coincident
fires detected by FRP-PIXEL and those from the M®MOD14/MYD14 products
were analysed for July 2015 and are shown in Fi@uréBetween 30 MW and 220
MW the FRP-PIXEL and MODIS MOD14/MYD14 data show excellent degree of
agreement in terms of their frequency density-magei distributions, providing
strong confidence in the SEVIRI active fire meamgats.
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Figure 9. Frequency densityvs. FRP magnitude distributions of MODIS and SEVIRI FRP-
PIXEL data, constructed from coincident active firepixels detected by SEVIRI and MODIS over
the Southern African region in July 2015. The lowerbreakpoint of the SEVIRI distribution
(around 30 MW) coincides with the decline in SEVIRIs active fire detection performance as the
thermal radiance emitted from small and/or lower irtensity fires cannot be reliably distinguished
from that of the background window, and so many fies with an FRP below this limit remain
undetected. The upper breakpoint (around 220 MW) cimcides with the onset of SEVIIRI IR3.9
detector saturation. The FRP-GRID product aims to elp account for the FRP that SEVIRI fails
to detect as a result of these sensor artefacts,\asll as by that due to cloud obscuration.

It is interesting to note that if the active firetection algorithm of Gigli@t al. (2003)

(used to generate the Collection 5 MOD14/MYD14 MGLRktive fire products) were
applied to SEVIRI level 1.5 imagery, the minimum HFRletection limit at the
Meteosat SSP would be around 70 - 80 MW, aroundth@xninimum FRP detection
limit of the MOD14/MYD14 active fire products due SEVIRI's ~ 10x larger nadir
view pixel area. However, the design of the FRPHIXroduct attempts to lower the
minimum FRP detection limit significantly below $hby detecting active fire pixels
whose radiometric signals in the MWIR, LWIR and MRVLWIR are raised even
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qguite minimally above that of the ambient backgbyRoberts and Wooster, 2008).
By exploiting a variety of spectral and spatialegirolds and contextual processing
methods, the FTA algorithm is capable of reasonablyfidently detecting SEVIRI
active fire pixels having an FRP down to ~ 30 MW can be seen in Figure 9.

3.1.2 "Per fire" SEVIRI to MODIS Intercomparison

Figure presents the results of the SEVIRI-to-MOD¥8r-fire" FRP intercomparison,
where the FRP measures made by each sensor feathe fire at almost the same
time are intercompared. On a per-fire basis thera strong correlation {=0.74)
between the FRP measures made by SEVIRI and by @B&r simultaneosuly, and
a slope of the linear best fit line close to urf@y97). Overall, 79% of the SEVIRI-to-
MODIS matchups have an FRP difference of less 8G#, and 62% of them less
than 30%. 53% of the FRP-PIXEL products per-firePFReasures are also within
20% of those of MODIS. The scatter present in tearssimultaneosly assessed
MODIS and SEVIRI FRP maybe impacted by:

Uncertainty in the ambient background signal useddiculate the FRP for
each fire pixel with SEVIRI and MODIS data (Woostdral, 2003; 2005;
Zhukovet al, 2006; Woosteet al, 2015);

The max £ 6 minute time difference between corredpg MODIS and
SEVIRI observations of the same fire, during whittanges in the active fire
characteristics that determine the fires FRP mayipc

The significant uncertainties present in the MOBRBP measures coming
from the sub-pixel location of the fire with respéz the sensor instantaneous
field of view, a factor recently characterised bgdbornet al. (2014c). Also
of significance are the SEVIRI measurement artsfdabat are a result of the
SEVIRI level 1.5 data production chain shown earire Figure 2 that can
impact the uncertainty of the SEVIRI-based FRPiegetls (Woostert al,
2015). Freebornet al. (2014c) suggest that MODIS FRP measures are
uncertain to £ 30% due to the varying location lod tictive fires within the
MODIS pixels, and a similar value is applicableStaVIRI.

Effects of saturation of SEVIRIs IR3.9um channéhigh FRP fire pixels.
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Figure 10. A comparison of FRPs measuremed at thame fires by the SEVIRI FRP-PIXEL and
MODIS MOD15/MYD15 datasets in July 2015. Each cir@ represents a fire cluster, which is a
contiguous or near-contiguous group of active firgixels.

3.1.3 Regional Scale "FRP Areal Sum" Intercomparigao

Whilst the above per-fire FRP inter-comparison makcated a low degree of FRP
bias between the FRP-PIXEL and MODIS MOD14/MYD14F-icords of the same
successfully detected active fires, there remamexgected and significant regional-
scale FRP underestimation by the FRP-PIXEL prodieg to its inability to detect
the lowest FRP component of a regions fire regiReberts and Wooster, 2008), as
already evidenced in the frequency-magnitude 30 béakpoint for SEVIRI shown
in Figure 9. Therefore, when data from the MODI®DML4/MYD14 products are
compared to the near-simultaneous matching FRP-PP{&ducts covering the same
region (e.g. the area covered by a MODIS scenemiht30° scan angle), the FRP-
PIXEL product reports a lower cumulative ‘region@RP than does MODIS as it will
not detect many of the fires lower than 30 MW whid®DIS can mainly detect. This
effect is directly related to SEVIRI's active feerors of omission, an effect magnified
in geographic regions in which SEVIRI mostly obs=nat higher view zenith angles.
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Figure 11 uses the example of southern Africa, e/iee slope of the linear best fit to
the regional FRP totals recorded near simultangansthe FRP-PIXEL product and
the MODIS active fire products is 0.79. Overall,%®f the SEVIRI-to-MODIS
regional scale matchups have an FRP differencetess50%, 49% of them have an
FRP difference of less than 30%, and 33% an FRPErdifce of less than 20%.

Figure 11. Relationship between regional-scale intescene FRP derived from all spatially

matched, contemporaneous SEVIRI and MODIS in July @15. The MODIS swath where fires

have a scan angle less than 30 degree is taken las bbservation area. The least squares linear
best-fit passing through the origin is shown (dot dsh line), along with the 50% and 20% line

(solid and dash line). FRP-PIXEL tends to generallynderestimate regional-scale FRP, primarily

due to the non-detection of the lowest FRP fire pels, many of which MODIS can detect.

However, since the FRP of each of the undetectedtiae fires is typically low, the degree of

underestimation is relatively small compared to theactive fire errors of omission. The FRP-

GRID product is designed to in part adjust for thisunderestimation.
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If only those fires detected by both SEVIRI and MiS[are included in the regional
scale comparison shown in Figure 11, thus largetyaving the "small fire" negative

bias present in the SEVIRI data of Figure 12, tktiea slope of the linear best fit
between SEVIRI and MODIS returns to very close totyu (1.07), as seen in

Figure 12. Overall, 80% of the SEVIRI-to-MODIS mlatips have an FRP difference
less than 50%, 70% of them less than 30%, and 83%ithan 20%.

Figure 1. Relationship between regional-scale "Ardasum” of inter-scene FRP derived from all
spatially matched, contemporaneous SEVIRI and MODISn July 2015. Only the fires detected
by both SEVIRI and MODIS are included in this regabnal comparison.
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3.2 FRP-GRID Product

Results from the FRP-GRID product evaluation amvigled in Figure 13. The slope
of the linear best fit to the FRP-GRID product dhel MODIS-extracted matching 5°
grid cell data (See Figure 7) lies close to unityd the coefficient of variation (r2)
between the two datasets is 0.64. More than halfeoFRP-GRID cells recording an
hourly mean FRP in the FRP-GRID product were fotmdchave an FRP within a
factor of two of the value measured instantaneobgli¥lODIS (Target Accuracy). A
guarter were within 30% of the MODIS values.

Of course, the linear bias adjustments appliethénRRP-GRID product only capture
the underlying macroscopic features of the sens@ensor relationships, and do not
account for any temporal variability in the SEVIRHVIODIS ratios of FRP induced
by diurnal or seasonal fluctuations in fire activ{ie.g. as seen in Freeboet al,
2009). Nor can they deal well with situations whBf®DIS detects fire activity in a
grid cell whilst SEVIRI does not, and so the lind#as corrections remain inactive.
Nevertheless, by deriving different regression ftoents for each of the four LSA
SAF regions, the FRP-GRID algorithm does accountbfoad spatial differences in
the sensor-to-sensor relationships that potentiafige from (i) differences in fire
regimes, and (ii) differences in SEVIRI view zenghgles, as explained in the FRP
Product User Manual (PUM).
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Figure 13. Evaluation of the bias adjustment factes used in the FRP-GRID product. Results are
based on coincident SEVIRI and MODIS observationsaken between in July 2015, collected and
matched as shown in Figure 7. The near unity slopaf the linear best fit between the FRP-GRID
and MODIS FRP derived data demonstrates the unbiask nature of the adjustment factors
applied in the FRP-GRID product, in this case for 50° grid cells in southern Africa. The linear
relationship representing a factor of 2 (Target acgracy), as well as one representing a 30%
difference, are shown as solid and dashed lines pEtively.
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4. Conclusions

This evaluation has provided a detailed performaecaluation of the Metetosat
SEVIRI FRP-PIXEL product, and also the summary RERID product, generated
and disseminated by the EUMETSAT LSA SAF. On afperbasis there is a strong
correlation (f =0.74) between the FRP measures recorded in t&taj®nary FRP-
PIXEL product and by the polar orbiting MODIS sensear simultaneosuly, and a
slope of the linear best fit line is close to ur(ily97). Overall, 79% of the SEVIRI-to-
MODIS matchups have an FRP difference of less 8G#, and 62% of them less
than 30%. It has shown that the SEVIRI FRP produetefore more than meets the
Target Accuracy requirement.

We show that the FTA algorithm used in the SEVIRPFproducts appears more
sensetive to fire than is the fire detection altyon used within the MODIS active fire
products (Collection 5), though SEVIRI is hampenedts detection of smaller fires
by the relatively coarse size of the SEVIRI pixésound an order of magnitude
larger than the MODIS pixels at nadir). Nevertkslecalculations using the
minimum confidently detectable FRP from SEVIRI icatie that the FTA algorithm
detects actively burning fires covering down towsra 1/10008 of a SEVIRI pixel
(Woosteret al, 2015). We show that fires with an FRP of less:1tB@ MW are more
difficult to detect with SEVIRI than are fires al®vhis threshold because of the
instruments coarse pixel size, resulting in an FRREL Active Fire Detection
ommission error of 71% when assessed over thévfeleosat disk in July 2015 with
respect to MODIS. The corresponding full disk FRREL Active Fire detection
commission Error is 13% with respect to MODIS, whis close to the typical values
found in most active fire products (Robestsal, 2015).

In terms of the FRP-GRID product, which is in pddsigned to deal with the
regional-scale FRP underestimation induced by tbeementioned active fire errors
of omission, there is no directly comarable prodaxailable from MODIS (hourly

average FRP within a 5° grid cell) with which torquare the FRP-GRID datasets.
Nevertheless, using MODIS to make an esimate ot#mee value we find that more
than half of the FRP-GRID cells recording an hourlgan FRP in the FRP-GRID
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product were found to have an FRP within a factotwm of the value measured
instantaneously by MODIS (again meeting the prasltieirget Accuracy).

Despite their coarse spatial resolution limitatiémsthe detection of low FRP fires,
the high temporal resolution provided from geostary orbit offers an
unprecedented high temporal resolution and is thassidered an important
contributor to our ability to characterise fire sgions. As an example the reader is
referred to Baldassaret al. (2015) and Robertst al. (2015) who provide examples
of the use of the SEVIRI FRP-PIXEL product in cleaesising fire emisisons during
a large fire event in Turkey and Greece respegtivahd the resulting smoke
emissions measures are there used to study thirevidime transport.
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