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Assessing the performance of MODIS and VIIRS active fire products in
the monitoring of wildfires: a case study in Turkey

Kadir Alperen Coskuner

Introduction

Fire is an integral part of many Mediter-
ranean ecosystems (San-Miguel-Ayanz et
al. 2013). While wildfires play a key role in
shaping forest ecosystems (Pausas & Valle-
jo 1999), they have some significant eco-
nomic and environmental impacts, high
costs for fire suppression and prevention
(Florec et al. 2019), loss of commercial
value of damaged wood products and for-
est ecosystem services such as water cycle
regulation, soil protection and carbon se-
questration (Ruiz-Peinado et al. 2017), and
even loss of life. Therefore, accurate moni-
toring of fire locations and impacts over
large areas are of significant importance
for fire managers (Oliva & Schroeder 2015).
Recent developments in computer vision,
machine learning, remote sensing technol-

MODIS and VIIRS fire products have been widely used to detect and monitor
fire activity at a global scale, as they provide highly relevant information on
fire events, on their spatial and seasonal trends. Although these products have
some limitations in detecting fires in forested areas due to closed canopy and
smoke, they have been widely used to monitor and assess forest fires in many
scientific studies. This study analyzes the performance of MODIS (MCD14ML)
and VIIRS S-NPP (VNP14IMG) active fire/hotspot products in fire detection in
five different land cover types (closed and open forests, shrublands, herba-
ceous vegetation and croplands) and compares the results to the ground-based
fire database from 2015 to end of the 2019 in Turkey. Detected fires with a
confidence value above 30% (nominal and high confidence) were used in the
study. The land cover was assessed using the European Space Agency (ESA)
Copernicus Global Land Service (CGLS) Dynamic Land Cover Layers at 100 m
resolution in the study area. The performance assessment of two fire/hotspot
products were conducted in three fire size classes, namely: fire size <1 ha, 1
to 10 ha, and >10 ha in five different land cover types. The results indicated
that the overall accuracy of MODIS ranged from 0.6% to 16.6% and VIIRS S-NPP
ranged from 1.3% to 25.6% of all ground-based fires in five different land cov-
er types. The detection rates increased as the fire size increased. This study
indicates that some limitations still exist to use MODIS and VIIRS S-NPP active
fire/hotspot data in the assessment of wildfires.

Keywords: Wildfires, Fire Monitoring, Land Cover, MODIS, VIIRS, Remote Sens-
ing

ogies and satellite-based systems present
new opportunities for wildfire detection
and monitoring (Barmpoutis et al. 2020).
Commonly used satellite based and cost-
free active fire/hotspot detection products
are the NASA’s Fire Information for Re-
source Management System (FIRMS) fire
products at global scale (NASA/FIRMS
2020).

NASA FIRMS distributes near real time ac-
tive fire data within 3 hours of satellite ob-
servation from NASA’s Moderate Resolu-
tion Imaging Spectroradiometer (MODIS)
aboard the Terra and Aqua satellites and
NASA’s Visible Infrared Imaging Radiome-
ter Suite (VIIRS) aboard the joint NASA/
NOAA Suomi National Polar Orbiting Part-
nership (S-NPP) and NOAA-20 satellites
(Schroeder et al. 2014, Giglio et al. 2018).
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The MODIS was launched on the Terra plat-
form in 1999, as part of NASA’s Earth Ob-
serving System (EOS - Justice et al. 2002)
and has been used for scientific investiga-
tions more than any other global fire data
set (Mouillot et al. 2014). The MODIS pro-
duces two types of fire products: (i) active
fire product which gives the location of
burning fires; and (i) burned area product
which gives the extent of burn scars over a
specified time period (Justice et al. 2002).
Each MODIS active fire hotspot location
represents the center of a 1-km pixel that is
flagged by the algorithm as containing one
or more fires within the pixel (Giglio et al.
2018). Several improvements and refine-
ments have been made in the algorithms
over the years, and as a result, MODIS ac-
tive fire/hotspot products have signifi-
cantly better detection capabilities of small
burns and a modest reduction in burn-date
temporal uncertainty (Giglio et al. 2020).
The VIIRS launched in 2011 aboard the S-
NPP (Justice et al. 2013) has a 375 m spatial
resolution and a refined fire detection algo-
rithm built on the heritage of MODIS fire
products. It has a better response to fires
over relatively small areas and has im-
proved nighttime performance (Schroeder
et al. 2014). In addition, the VIIRS 375 m ac-
tive fire data product (VNP14IMG) has the
highest spatial resolution in the available
cost-free fire products (Sofan et al. 2020).
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Fig. 1- The geographic
location and land cover
classes according to the
discrete classification of
~lewn Land Cover Classifica-
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MODIS and VIIRS S-NPP fire products
have been widely used in the detection and
monitoring of fires in grasslands, peat-
lands, agricultural and herbaceous areas
(Zhang et al. 20173, Sofan et al. 2020, Wick-
ramasinghe et al. 2020). Although they
have some limitations in the detection of
wildfires in forested lands due to closed
canopy (Giglio et al. 2006) and smoke (Gig-
lio et al. 2020), many studies have been
conducted to assess and monitor wildfires
in different forest ecosystems worldwide
(Huesca et al. 2009, Curt et al. 2020, Kgan-
yago & Shikwambana 2020). Moreover,
these products have been used for the
model validation in forest fire risk assess-
ment studies in forested areas (Colak &
Sunar 2020, Parajuli et al. 2020). However,
while many studies have been conducted
to analyze the performance of MODIS and
VIIRS S-NPP fire products in different forest
ecosystems (Tansey et al. 2008, Fornacca
et al. 2017), few studies are available in the
Mediterranean region (Vilar et al. 2015).
Moreover, to the knowledge of the author,
no study has been conducted to compare
the MODIS and VIIRS S-NPP active fire/
hotspot data and ground-based fire data-
base in relation to the land cover types in
the Mediterranean region, where wildfires
are an integral part of many ecosystems
(Moreira et al. 2011). Turkey is a large coun-
try in the Mediterranean region with about
12.5 million ha of forested lands prone to
and under the threat of fires (San-Miguel-
Ayanz et al. 2020). In the period 1988-2019,
a total of 66,168 fires burned a total of
324,831 ha of forest land (GDF 2019) in Tur-
key. This represents 2068 fires on 10,151 ha
annually with an average area burned per
fire of 4.9 hectares. The majority of wild-
fires are caused by humans, and human-

86

35°G0°E 40'00°E

caused fires account for 95% to 99% of all
fires, while natural agents (i.e., lightning)
are responsible for the remaining 1 to 5% in
the country (GDF 2019). Human-caused
fires can be classified under three broad
categories: negligence, arson and un-
known causes. Causes of wildfires are
closely related with land management ac-
tivities, standards of living and population
dynamics (Bilgili & Goldammer 2000).

The objective of this study is to analyze
the performance of MODIS and VIIRS S-
NPP active fire/hotspot detection products
in fire detection in five different land cover
types (closed and open forests, shrub-
lands, herbaceous vegetation and crop-
lands) and compare the results to the
ground-based fire database in different
land cover types from 2015 to end of the
2019 in Turkey. The results of this study will
contribute to the use of satellite based re-
mote sensing technologies to monitor
wildfires in similar environmental condi-
tions in the Mediterranean basin in particu-
lar and in the world in general.

Material and methods

Study area

The study area is the mainland of Turkey
(Fig. 1), located between latitudes 35° and
43° North, and longitudes 25° and 45° East.
Turkey is a country with a land mass of
78,058 million ha, of which 22,741 million
ha are forested (GDF 2019), representing
about 29 per cent of country’s total land
area. About 12.5 million ha of forested
lands is subjected to and under the threat
of fires (San-Miguel-Ayanz et al. 2020) and
most fires occur where Mediterranean cli-
mate with high temperatures and low to
nonexistent precipitation during wildfire

45'00°E

season is predominant in the southern and
western Anatolia. Fire season generally
lasts from late May until mid-September in
Turkey (Bilgili et al. 2019, San-Miguel-Ayanz
et al. 2020). However, due to the increases
in mean annual temperature in recent
decades, fire season is prolonged in the
southern regions, and the number of fires
increased in the northeastern part of the
country (Coskuner 2021). Moreover, big
fires (>50 ha) are more frequent than in the
past in the Midwestern part of the Black
searegion.

Land cover

The land cover was assessed using the Eu-
ropean Space Agency (ESA) Copernicus
Global Land Service (CGLS) Dynamic Land
Cover Layers at 100 m resolution in the
study area (Fig. 1). The discrete classifica-
tion map including 14 classes was used for
the years 2015, 2016, 2017, 2018 and 2019
(Buchhorn et al. 2015, 2016, 2017, 2018,
2019a) in the study area. A total of 14
land cover classes are available in Turkey,
namely shrubs (6.02 %), herbaceous vege-
tation (36.8%), herbaceous wetland (0.12%),
bare/sparse vegetation (0.81%), cropland
(27.47%), urban/built up (1.55%), permanent
water bodies (1.41%), open forests (ever-
green needle-leaved (2.71%), deciduous
broadleaved (0.06%) and unknown type
(6.3%), and closed forests (evergreen nee-
dle-leaved (8.84%), deciduous broadleaved
(5.04%), mixed type (0.65%) and unknown
type (2.02%). These percentage values con-
stitute the vegetation composition in 2019
(Buchhorn et al. 2019a - Fig. 1). Fire prone
forested lands are mainly covered by ever-
green needle-leaved pine species (i.e., Pi-
nus brutia Ten. and Pinus nigra Arn.) and
Mediterranean shrub plant communities -
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Maquis (i.e., Quercus coccifera L., Pistacia
terebinthus L., Arbutus andrachne L., Myr-
tus communis L., Cistus spp.).

The spatial distribution of fires detected
by MODIS and VIIRS S-NPP and perfor-
mance assessment of active fire/hotspot
products were analyzed on the land cover
map of Turkey provided by Copernicus
Global Land Service, Land Cover at 100 m
spatial resolution. The raster land cover
maps of the study area (20 x 20 degrees —
E020N40, E020N60, E040N40 and
E040N60 at 100 m resolution) for the years
2015, 2016, 2017, 2018 and 2019 were down-
loaded from the European Space Agency
(ESA) Copernicus Global Land Service: Land
Cover 100 m open access database (Buch-
horn et al. 2019b) as raster datasets (Cop-
ernicus 2020). The raster layers were con-
verted into shapefile polygons and then
merged and clipped using the border of
the study area. The conversion was per-
formed using a GIS software (ArcGIS® v.
10.2, ESRI, Redlands, CA, USA).

Analyzing wildfires using MODIS and
VIIRS S-NPP

Two types of fire products of NASA-
FIRMS (Fire Information for Resource Man-
agement System) were used in the study:
(i) Moderate Resolution Imaging Spectro-
radiometer (MODIS) active fire/hotspots;
and (ii) Visible Infrared Imaging Radiome-
ter Suite (VIIRS S-NPP). The MODIS
(MCD14ML Collection 6 involving both the
TERRA and AQUA satellites) archive daily
fire datasets were downloaded as .csv files
from the NASA-FIRMS websites covering
the period of 2015-2019 for Turkey (NASA/
FIRMS 2020). The spatial resolution of the
MODIS fire data was 1-km. Detection confi-
dence of MODIS ranges from 0 to 100%,
and above 30% is considered to have better
accuracy (Giglio et al. 2020). Therefore, the
fires with a confidence value above 30%
(nominal and high confidence) were used
in the study.

The VIIRS S-NPP (VNP14IMG) archive daily
fire datasets were downloaded as .csv files
from the NASA-FIRMS websites (NASA/
FIRMS 2020) covering the period of 2015-
2019 for Turkey. The spatial resolution of
the fire data was 375 m. The VIIRS S-NPP
fire detection resembles the MODIS algo-
rithm approach by sampling a dynamically
assigned window size to allow optimum
characterization of the candidate fire pixel
background (Schroeder et al. 2014).

The satellites take a “snapshot” of events
as it passes over the earth. Each hotspot/
active fire detection represents the center
of a pixel flagged as containing one or
more fires. For MODIS, the pixel size is ap-
proximately 1-km and for VIIRS S-NPP, the
pixel size is approximately 375 m. The “lo-
cation” is the center point of the pixel
(Schroeder & Giglio 2018, Giglio et al.
2020). The fire datasets were converted
into a shapefile point layer with the coordi-
nates of each fire provided using a GIS soft-
ware (ArcGIS® v. 10.2). The nominal and
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high detection confidence of the fires were
used in this study (Schroeder & Giglio
2018). Some small number of detected fires
on the water bodies (land cover code: 80
and 200) were masked.

Analyzing wildfires using the ground-
based fire datasets for 2015-2019

The ground-based fire dataset covering
the study periods were obtained from the
General Directorate of Forestry (GDF), For-
est Fire Service in Turkey. Fires have been
documented by the GDF and include fire
coordinates, region, starting time, dura-
tion, cause, average weather conditions,
area burned and fire type, and stored in an
online Fire Information System since 2013.
This dataset is not open access, but only
annual mean values can be downloaded
from the GDF website (GDF 2019). The GDF
stores only the coordinates of fire starting
points for the reported fires. The fire data
set for the study period was obtained
as .csv files from the GDF Fire Service.
Then, fire locations were geo-referenced as
a fire occurrence point layer in relation to
the World Geodetic System (WGS) 1984
projection using the ArcGIS® v.10.2 plat-
form. All fires were visually checked using
Basemap - World Imagery with Labels tool
in ArcGIS®, and those that lack or have in-
correct coordinates were not included in
the analyses. The same procedure was fol-
lowed for the MODIS and VIIRS S-NPP fire
data conversion.

Performance assessment of MODIS and
VIIRS S-NPP with the ground based fire
data

The performances of MODIS and VIIRS S-
NPP active fire/hotspot detection products
were assessed with the ground-based fire
data in five land cover types; namely closed
(land cover code: 111, 114, 115 and 116) and
open forests (land cover code: 121, 124 and
126), shrubs (land cover code: 20), herba-
ceous vegetation (land cover code: 30) and
cultivated vegetation/agriculture/cropland
(land cover code: 40). In some studies, the
performances of these products have been
assessed for fires >1 ha (Fusco et al. 2019).
The initial assessment of ground-based
fires indicated that nearly 78% (8613) of all
fires were below 1 ha in size in five land
cover types. Therefore, the performance
assessment of the two products were con-
ducted in three fire size classes to explore
the accuracy of fire products in relation to
the fire size and land cover. The ground-
based fire dataset was divided into three
fire size classes, namely: fire size <1 ha, 1 to
10 ha, and >10 ha. Fusco et al. (2019) set a
large spatial window to account for poten-
tial discrepancies in reporting fire locations
as well as the differences in fire sizes re-
ported. In this study, a buffer polygon with
an extension equal to the burned area was
created around each fire starting point to
account for potential discrepancies in fire
starting locations locally (Fusco et al. 2019).
All fires analyzed in all seasons between

2015 and 2019 were included in the analy-
ses as the initial assessment of ground-
based fire records indicated that detect-
able fires occurred all-year-round in five
land cover types. The fires detected by
MODIS and VIIRS S-NPP active fire/hotspot
products with a confidence value above
30% (nominal and high confidence) were
used in the study. The size of the buffers
created were equaled to the spatial resolu-
tion (Ying et al. 2019) of the corresponding
MODIS (1-km) and VIIRS S-NPP (375 m) ac-
tive fire/hotspot products to represent the
pixel size. To predict the producer’s accu-
racy and omission error of MODIS and VI-
IRS S-NPP active fire/hotspot detection
products, the neighborhood of each
ground-recorded fire was referred to the
time of occurrence confirmed by ground-
based fire records. For accuracy assess-
ment in this study, reported ground fires
detected by MODIS and VIIRS S-NPP were
scored as “1” and those omitted as “0”
samples (Ying et al. 2019). Note that, the
performances of the two products were
assessed in relation to the ground-based
fire records detected positively by the two
products (Fusco et al. 2019) only, as the
fires detected by fire/hotspot products
may have not appeared in the GDF ground-
based fire database due to a lack of report-
ing. Some fires may not have been re-
ported if they were agricultural or pre-
scribed fires far from the forests (unless
they escape and become a forest fire that
requires GDF action). Therefore, only the
producer’s accuracy (%) and omission er-
rors (%) were calculated for five different
land cover classes. Then, the overall accu-
racy (%) was calculated as the total number
of fires correctly detected by the MODIS
and VIIRS S-NPP for five different land
cover classes covering the study period di-
vided by the total number of fires reported
on the ground (Congalton 1991).

Results

MODIS, VIIRS S-NPP and GDF fire data
distribution

A total of 54,154 fires were detected by
the MODIS during the period of 2015-2019
in the study area. Of these fires, 32.2%,
24.1%, 16.9%, 12.1% and 14.7% were in 2015,
2016, 2017, 2018 and 2019, respectively in 13
different land cover types (Tab. 1, Fig. 23,
Fig. 3a). The results indicated that most of
the fires were in cultivated vegetation/agri-
cultural land (78.9%) followed by herba-
ceous vegetation (9.8%) and urban (7.1%)
areas. A total of 211,511 fires were detected
by the VIIRS S-NPP during the period of
2015-2019 in the study area. Of these fires,
27.4%, 23.6%, 17.7%, 15.1% and 16.2% were in
2015, 2016, 2017, 2018 and 2019, respec-
tively in 13 different land cover types (Tab.
1, Fig. 2b, Fig. 3b). The results indicated that
most of the detected fires were in the culti-
vated vegetation/agricultural land (62.7%)
followed by urban (21.8%) and herbaceous
vegetation (10.6%) areas. A total of 11,261
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Tab. 1- Detected (MODIS and VIIRS S-NPP) and reported (GDF) fires in the Turkey between 2015 and end of 2019. (*): Map Code indi-
cates the land cover types in discrete classification coding in Copernicus Global Land Service: Land Cover at 100m spatial resolution

(Buchhorn et al. 2019b).

Land Cover Land Cover Class Map* MODIS VIIRS S-NPP GDF
Code Total % Total % Total %
Non-forest Shrubs 20 739 1.4 2802 1.3 1021 9.1
Herbaceous vegetation 30 5320 9.8 22322 10.6 1553 13.8
Cultivated vegetation/agriculture 40 42703 78.9 132630 62.7 945 8.4
Urban / built up 50 3845 7.1 46021 21.8 282 2.5
Bare / sparse vegetation 60 88 0.2 1942 0.9 4 0.0
Herbaceous wetland 90 62 0.1 301 0.1 9 0.1
Closed forest Evergreen needle leaf 111 425 0.8 1430 0.7 4086 36.3
Deciduous broad leaf 114 74 0.1 456 0.2 560 5.0
Mixed 115 8 0.0 28 0.0 96 0.9
Unknown 116 184 0.3 856 0.4 462 4.1
Open Forest  Evergreen needle leaf 121 134 0.2 387 0.2 985 8.7
Deciduous broad leaf 124 1 0.0 16 0.0 7 0.1
Unknown 126 571 1.1 2320 1.1 1251 11.1
Total 54154 100 211511 100 11261 100

fires ground-based fires were analyzed dur-
ing the period of 2015-2019 in the study
area. Of these fires, 17.4%, 24.1%, 19.1%, 17.6%
and 21.8% were reported in 2015, 2016, 2017,
2018 and 2019, respectively in 13 different
land cover types (Tab. 1, Fig. 2¢, Fig. 3c).
The results indicated that most of the fires
were reported in the evergreen needle
leaved closed forest (36.3%) followed by
herbaceous vegetation (13.8%) and shrub-
land (9.1%).

The results of the distribution of detected
fires in five land cover types during the

MODIS Fire Data (a)

VIIRS S-NPP Fire Data (b)

study period indicated that a total of 691,
706, 739, 5320 and 42,703 fires were de-
tected by MODIS (Tab. 1, Fig. 4a) and a to-
tal of 2770, 2723, 2802, 22,322 and 132,630
fires were detected by VIIRS S-NPP in
closed and open forest areas, shrublands,
herbaceous vegetation and croplands, re-
spectively (Tab. 1, Fig. 4b). For the same pe-
riod, a total of 5204, 2243, 1021, 1553 and
945 ground based fires were reported by
GDF in closed and open forest areas, shrub-
lands, herbaceous vegetation and crop-
lands, respectively (Tab. 1). The number of

GDF Fire Data (c)

fires <1 ha, 1 to 10 ha and >10 ha corre-
sponded to 78.5%, 17.5% and 4.0%, with the
mean fire sizes being 0.18, 3.20, and 70.60
ha, respectively for all ground based fires in
five land cover classes (Tab. 2).

The results showed that the fires in
closed and open forests, shrublands and
herbaceous vegetation were detected by
MODIS and VIIRS S-NPP from May to No-
vember with the peak values recorded in
August in the study area. The fires in crop-
lands were detected by fire products from
June to October with the peak values

Fig. 2 - MODIS MCD14LM,

2015

VIIRS S-NPP-375m and
GDF fire data distribution
for the period 2015-2019
in the study area (main-
land Turkey).

2016

2017

2018

2019
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Fig. 3 - MODIS MCD14LM, VIIRS S-NPP-
375m and GDF number of fires on the
land cover classes for the period 2015-
2019 in the study area (mainland Tur-

key).

Fig. 4 - The geographic locations of all
detected and confirmed with GDF
MODIS (a) and VIIRS S-NPP-375m (b)
fires in the closed forested (Land
cover code: 111, 114, 115 and 116) and
open forested lands (Land cover code:
121, 124 and 126), shrubs (land cover
code: 20), herbaceous vegetation
(land cover code: 30) and croplands
(land cover code: 40) in Turkey
between 2015 and 2019.
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Tab. 2 - The number and the mean size (in parenthesis) of reported fires in closed and open forests, shrublands, herbaceous vegeta-
tion and croplands according to the fire size classes. Land Cover Classes (LCC): (CF) Closed Forests; (OF) Open Forests; (S) Shrub-
lands; (HV) Herbaceous Vegetation; (C) Croplands.

Ground-based Land Cover Classes Total
Fires CF OF S HV C (Mean size, ha)
<1 ha 4444 (0.16) 1853 (0.18) 737 (0.21) 897 (0.28) 682 (0.22) 8613 (0.18)
1-10 ha 634 (3.12) 323 (3.10) 227 (3.22) 520 (3.42) 220 (3.00) 1924 (3.20)
>10 ha 126 (114.76) 67 (68.30) 57 (73.36) 136 (38.14) 43 (48.83) 429 (70.60)
Total 5204 (3.29) 2243 (2.64) 1021 (4.97) 1553 (4.64) 945 (2.85) 10966 (3.47)
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Fig. 5 - The monthly distribution of detected MODIS (a) and VIIRS S-NPP (b) and GDF-reported (c) number of fires on closed and
open forest areas, shrublands, herbaceous vegetation and croplands during the period of 2015- 2019 in Turkey.

recorded in June and September. The spa-
tial distributions of fires detected by
MODIS and VIIRS S-NPP in croplands re-
vealed that most of the fires were mainly
concentrated in the middle and southeast-

ern part of the country (Fig. 5a, Fig. 5b).
The results indicated the trend of the
monthly distribution of the reported fires
by GDF were similar to those of fire detec-

Performance analysis of MODIS and VIIR
S-NPP in different land cover types in
relation to the area burned

The performance assessment of MODIS
and VIIRS S-NPP was conducted in relation

tion products (Fig. 5¢).
to the fire size classes (fire size <1 ha, 1 to
10 ha, and >10 ha) in five land cover types;
closed and open forest areas, shrublands,
herbaceous vegetation and croplands dur-
ing the period of 2015-2019 in the study
area (Tab. 3). The performance analysis of
MODIS indicated that 13 fires in closed and

Tab. 3 - The number of reported fires by GDF and confirmed detection in closed and
open forests, shrublands, herbaceous vegetation and croplands by the MODIS and
VIRRS S-NPP during the study period. (OE): omission error (%); (PA): producer’s accu-
racy (%); (OA): overall accuracy (%).

bu?Lz:doafrea Source tand CF OF s HY C (ZA 8 fires in.open forests, 3 fires in s.hrublands,
(total no.) over (%) 13 ﬁr'es in herbaceous vegetation and 14
fires in croplands out of 4444, 1853, 737,
<1 ha MODIS Reported 4444 1853 737 897 682 0.6 897 and 682 ground-based fires <1 ha in
(8613) Detected 13 8 3 13 14 size in these land cover types were posi-
OE (%) 99.7 99.8 999 99.7 99.7 tively detected, respectively. The produc-
PA (%) 0.3 0.2 0.1 0.3 0.3 er’s accuracy (PA) were 0.3%, 0.2%, 0.1%,
0.3% and 0.3% in closed and open forest ar-
VIIRS 5-NPP - Detected 35 21 8 26 21 1.3 eas, shrublands, herbaceous vegetation
OE (%) 99.2 989 989 971 96.9 and croplands, respectively (Tab. 3, Fig.
PA (%) 0.8 1.1 1.1 2.9 3.1 6a). The overall accuracy of MODIS fire/
1-10ha  MODIS Reported 634 323 227 520 220 3.2 I'j.gzspggepg)e??;: n:\;a:cgzg ;‘lors tshi fstvul?gspg-
jod. ysi -
(1924) Detected 14 8 8 20 12 NPP indicated that only 35 fires in closed
OE (%) 97.8 975 965 96.2 945 and 21 fires in open forests, 8 fires in shrub-
PA (%) 2.2 2.5 3.5 3.8 5.5 lands, 26 fires in herbaceous vegetation,
VIRS S-NPP Detected 62 17 15 43 12 7.7 and 21 fires in croplands out of 4444, 1853,
OE (%) 90.2 947 93.4 917 945 737, 897 and 68> ground-based fires <1 ha
in size in these land cover types were posi-
PA (%) 9.8 5.3 6.6 8.3 3.5 tively detected, respectively. The PA were
>10 ha MODIS Reported 126 67 57 136 43 16.6 0.8%, 1.1%, 1.1%, 2.3% and 3.1% in closed and
(429) Detected 24 10 5 27 5 open forest areas, shrublands, herbaceous
OE (%) 81.0 8.1 912 80.1 88.4 vegetation and croplands, respectively
: : : : : (Tab. 3, Fig. 6a). The overall accuracy of VI-
PA (%) 19.0 149 8.8 19.9 11.6 IRS S-NPP fire/hotspot product was 1.3% for
VIIRS S-NPP  Detected 54 17 8 26 5 25.6 the study period.
OE (%) 571 74.6 86.0 80.9 88.4 The performance analysis of MODIS indi-
PA (%) 429 254 140 191 116 cated that 14 fires in closed and 8 fires in

open forests, 8 fires in shrublands, 20 fires
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in herbaceous vegetation, and 12 fires in
croplands out of 634, 323, 227, 520 and 220
ground-based fires from 1 to 10 ha in size in
these land cover types were positively de-
tected, respectively (Tab. 3). The PA were
2.2%, 2.5%, 3.5%, 3.8% and 5.5% in closed and
open forest areas, shrublands, herbaceous
vegetation and croplands, respectively
(Tab. 3, Fig. 6b). The overall accuracy of
MODIS fire/hotspot product was 3.2% for
the study period. The performance analysis
of VIIRS S-NPP indicated that 62 fires in
closed and 17 fires in open forests, 15 fires
in shrublands, 43 fires in herbaceous vege-
tation, and 12 fires in croplands out of 634,
323, 227, 520 and 220 ground-based from 1
to 10 ha in size in these land cover classes
were positively detected, respectively. The
PA were 9.8%, 5.3%, 6.6%, 8.3% and 5.5% in
closed and open forest areas, shrublands,
herbaceous vegetation and croplands, re-
spectively (Tab. 3, Fig. 6b). The overall ac-
curacy of VIIRS S-NPP fire/hotspot product
was 7.7% for the study period.

The performance analysis of MODIS indi-
cated that 24 fires in closed and 10 fires in
open forests, 5 fires in shrublands, 27 fires
in herbaceous vegetation, and 5 fires in
croplands out of 126, 67, 57, 136 and 43
ground-based fires >10 ha in size in these
land cover classes were positively de-
tected, respectively. The PA were 19.0%,
14.9%, 8.8%, 19.9% and 11.6% in closed and
open forest areas, shrublands, herbaceous
vegetation and croplands, respectively
(Tab. 3, Fig. 6c). The overall accuracy of
MODIS fire/hotspot product was 16.6% for
the study period. The performance analysis
of VIIRS S-NPP indicated that 54 fires in
closed and 17 fires in open forests, 8 fires in
shrublands, 26 fires in herbaceous vegeta-
tion, and 5 fires in croplands out of 126, 67,
57, 136 and 43 ground-based fires >10 ha in
size in these land cover classes were posi-
tively detected, respectively. The PA were
42.9%, 25.4%, 14.0%, 19.1% and 11.6% in closed
and open forest areas, shrublands, herba-
ceous vegetation and croplands, respec-
tively (Tab. 3, Fig. 6¢). The overall accuracy
of VIIRS S-NPP fire/hotspot product was
25.6 % for the study period.

Discussion

Analyzing the wildfires using MODIS and
VIRRS S-NPP

The NASA-FIRMS fire products have been
used in the scientific literature available
more than any other global fire dataset
(Mouillot et al. 2014). Several studies have
been conducted to analyze active fires (Oli-
va & Schroeder 2015, Fusco et al. 2019,
Hally et al. 2019, Ying et al. 2019, Wickra-
masinghe et al. 2020) and burned areas
(Tansey et al. 2008, Andela et al. 2017,
Kganyago & Shikwambana 2020) using
MODIS and VIIRS fire products. The results
of the present study revealed that the
number of fires detected by VIIRS S-NPP
was nearly 4 times the fires detected by
MODIS from 2015 to end of 2019 in the
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study area (Tab. 1). The variation in the
number of fires may be attributed to the
difference in the technical specifications of
the sensors. Improved spatial resolution
and algorithm for fire detection enables VI-
IRS S-NPP to detect smaller fires than does
MODIS (Schroeder et al. 2014, Oliva &
Schroeder 2015). Although significant varia-
tions exist in the number of fires detected
by MODIS and VIIRS S-NPP, the distribution
of the fires on the land cover types were al-
most similar (Fig. 3a, Fig. 3b). The results
showed that over 95% of all the fires de-
tected by the MODIS and VIIRS S-NPP were
in three land cover types, namely: culti-
vated vegetation/agriculture, urban and
herbaceous vegetation areas (Tab. 1, Fig.
33, Fig. 3b). These type of land covers are
open and relatively homogenous as com-
pared to the forest areas or woody shrub-
lands. Therefore, the fires in these lands
provide favorable observing conditions for
fire detection for the MODIS and VIIRS S-
NPP (Giglio et al. 2020).

As the Fig. 2a and Fig. 2b indicate, the de-
tected fires were mainly concentrated in
the central (Central Anatolia Region) and

southeastern (Southeastern Anatolia Re-
gion) part of the country where agricultur-
al croplands extent throughout the land-
scape (Fig. 1), where farmers traditionally
burn the stubble after harvest. Therefore,
it seems that most of the fires detected by
the two fire products in these lands may
have been the fires occurring in agricultural
lands. The stubble or residue burnings are
mainly conducted in September in Turkey
and the peak in the number of fires de-
tected by the MODIS and VIIRS S-NPP coin-
cides with the period of intentional burn-
ings (Fig. 5a, Fig. 5b). This may explain
most of the points detected especially in
Central and Southeastern Anatolia (Bilgili
1999). The peak shown in June in MODIS
fire data (Fig. 5a) in croplands is not sup-
ported by any ground data. There is no ma-
jor fire activity in June in the country. A
possible explanation may be related to
warm surfaces of open farmlands resulting
in false alarm in MODIS. False alarms in
MODIS are constrained to daytime data
when differential solar reflection and heat-
ing can sometimes lead to ambiguous clas-
sification of land surface pixels (Giglio et al.
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2016). Only a small portion of agricultural
fires have been reported and listed in the
GDF dataset (Tab. 1). This may account for
the significant differences in the number of
fires reported by GDF and those observed
by the MODIS and VIIRS S-NPP.

Fire detection performance in relation
to fire size and land cover classes

The results indicated that the perfor-
mances of MODIS and VIIRS S-NPP in fire
detection in small sized fires (<1 ha) were
very low (Tab. 3, Fig. 6a). The ground
based fire data showed that 78.5% of all
ground-based fires were <1 ha. Of these,
73.1% of fires were in the forested (closed
and open) areas (Tab. 3). These fires were
small-sized and mainly surface fires with
low fire intensity under tree canopy. This
may be acceptable, because as outlined in
the user’s guide of the MODIS (Giglio et al.
2020), the fire detection capability of
MODIS beneath a tree canopy is unknown
or probably very low. In addition, the fire
detection performances of the two prod-
ucts in shrublands, herbaceous vegetation
and croplands were also low (Tab. 3, Fig.
6a). One of the major reasons could be at-
tributed to small fire size (Zhang et al.
2017b), duration of fires and lower fire in-
tensities due to low fuel loads. Moreover,
the fires may have started and ended in be-
tween satellite overpasses (Giglio et al.
2020). Similar results were obtained from
the VIIRS S-NPP in the forested lands (Fig.
6a) in the study period. However, the per-
formance of VIIRS S-NPP in the detection
of fires was better than that of MODIS.
This may be attributed to the high spatial
resolution and improved fire detection al-
gorithm employed in VIIRS S-NPP (Schroe-
der et al. 2014).

As the fire size increased, the accuracy of
MODIS and VIIRS S-NPP increased in all
land cover classes (Tab. 3, Fig. 6b, Fig. 6¢).
The high producer’s accuracy in VIIRS S-
NPP was obtained in the fires >10 ha in
closed forest (42.9% - Fig. 6¢). The fire size,
fire intensity, fire severity and duration of
these fires were high, generating more
hotspots than shrublands, herbaceous veg-
etation and croplands (Randerson et al.
2012). Moreover, MODIS and VIIRS S-NPP
active fire products detect hotspots, it is
likely that fires with larger final fire sizes
have a higher likelihood of detection be-
cause, these products have more detection
opportunities (Fusco et al. 2019) as fires
continue to burn and increase in size.

The results indicated that for the 10,966
confirmed ground-based fire records in five
different land cover types, the overall accu-
racy of MODIS ranged from 0.6% to 16.6%
and VIIRS S-NPP from 1.3% to 25.6% of all
ground-based fires (Tab. 3, Fig. 6). Similar
results were obtained in a study from U.S.
where MODIS product detection rates
ranged from 3.5% to 23.4% of all document-
ed agency wildfires >1 ha in size (Fusco et
al. 2019). Similar results were also reported
in a study from Yunnan province of China
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with nearly 90% omission in forest areas
(Ying et al. 2019).

Analyzing the forest fires using the GDF
fire data

The results indicated that most of the
fires were in the forested lands (66.1%)
(Tab. 1). Fires mainly took place in the west-
ern and southern parts of the country (Fig.
2¢) where the majority of the areas are cov-
ered by closed evergreen needle leaved
forests, herbaceous vegetation, shrublands
and unknown open forests (Fig. 1). Most of
the fires were reported in the evergreen
needle leaved closed forest (36.3%) fol-
lowed by herbaceous vegetation (13.8%),
unknown open forests (11.1%) and shrub-
lands (9.1%) in the country for the study pe-
riod (Tab. 1). Evergreen needle leaved for-
ests are mainly dominated by the Calabrian
pine (Pinus brutia Ten.) and Anatolian black
pine (Pinus nigra Arn.) stands. Shrublands
are mainly composed of the Mediterranean
shrub plant communities - maquis (i.e.,
Quercus coccifera L., Pistacia terebinthus L.,
Arbutus andrachne L., Myrtus communis L.,
and Cistus spp.). The land cover classified
as ‘“unknown open forests” in the Land
Cover Classification System (LCCS - Buch-
horn et al. 2019b) are mainly covered by
the Calabrian pine dominated open stands.
The canopy closure of the open stands is
less than 10% and dominated by the Cal-
abrian pine with the Mediterranean shrub
plant communities (maquis) in the under-
story. The LCC system classifies the forests
with the canopy closure more than 15% as
open forests (Buchhorn et al. 2019b).
These kind of areas do not match with any
of the other definitions in the LCC system.

The forest fire prone areas in the country
are mainly covered by the Calabrian pine
dominated stands and maquis, and many
studies were conducted to predict forest
fire risk and danger in different regions in
Turkey (Saglam et al. 2008, Sivrikaya et al.
2014). In some studies, model validation
was performed using the NASA-FIRMS
products (Colak & Sunar 2020). However,
these products (particularly MODIS) have
some limitations in detecting small scale
fires under closed forest canopy conditions
as confirmed by the results of this study
(Tab. 3, Fig. 63, Fig. 6b). Therefore, the use
of MODIS and VIIRS S-NPP active fire/hot-
spot data in the validation of forest fire risk
and danger prediction models irrespective
of land cover may lead to incorrect results.
Also, the intentional stubble or residual
burnings in agricultural lands may nega-
tively affect the validation of the models.
Although these products can be useful and
accurate to detect large scaled and intense
fires with high fuel load, some limitations
of these fire products exist in the assess-
ment of small scaled (i.e., <10 ha) fires in
especially closed forested areas. However,
the results of this study provide no conclu-
sive evidence for the performances of
MODIS and VIIRS S-NPP active fire/hotspot
products in fire detection in the Mediter-

ranean region. The performances were as-
sessed only with the positive detection of
ground-based fire records provided by
GDF. Potential discrepancies of reported
fire locations, starting time and size of fires
might affect the performance assessment
of active fire/hotspot products. Moreover,
the fire detection performances in differ-
ent land cover classes may be affected by
the classified land cover map of Turkey pro-
vided by Copernicus Global Land Service
for the study period. Therefore, new stud-
ies should be conducted to assess the per-
formances of the active fire/hotspot prod-
ucts in the Mediterranean region.

Conclusion

In this study, the performance of MODIS
and VIIRS S-NPP active fire/hotspot prod-
ucts in fire detection in different land cover
types were assessed using the ground-
based fire data between 2015 and 2019 in
Turkey. The majority of the fires took place
in the western and southern part of the
country, where Calabrian pine, Anatolian
black pine and Mediterranean shrub plant
communities are the dominant vegetation
cover. The performances of the two active
fire/hotspot products were assessed in re-
lation to the ground-based fire records de-
tected positively by the MODIS and VIIRS S-
NPP. The overall accuracy of MODIS
ranged from 0.6% to 16.6% and VIIRS S-NPP
from 1.3% to 25.6% of all ground-based fires
in five different land cover types. The de-
tection rates increased as the fire size in-
creased. This study showed that some limi-
tations exist in the use of MODIS and VIIRS
S-NPP active fire/hotspot products in the
assessment of wildfires particularly <10 ha
in size. The results of the comparison of
MODIS vs. VIIRS S-NPP active fire/hotspot
products and ground-based GDF fires pro-
vided no conclusive evidence to suggest
that these products could be successfully
used in wildland fire detection under
closed canopy conditions. Thus, further
studies should be conducted with the
methodological approach presented in this
study in different geographical locations
where wildfires are common.
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