
1. Introduction

Most of fire detectable sensors (e.g., AVHRR,
GOES, ATSR, MODIS, VIIRS) have used multi-
spectral infrared channels including the middle-

wavelength infrared (3~5 μm; MWIR) channel. When
compared to the thermal infrared channel (8~13 μm;
TIR), MWIR radiation is much stronger at high
temperatures. Thus, the radiation difference in high-
temperature targets between the MWIR and TIR
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channels has been widely used to detect fires (Dozier,
1981; Matson and Dozier, 1981; Prins and Menzel,
1992, 1994; Kaufman et al., 1998; Justice et al., 2002;
Giglio et al., 2003; Zhukov et al., 2006; Schroeder et
al., 2014). However, the fire detection algorithms do
not easily detect fire occurences during the day
compared to night due to solar reflection and heating
of the surface (Giglio et al., 2003; Zhukov et al., 2006;
Wooster et al., 2012). The difficulty arises because the
solar reflection in the MWIR channel almost equally
contributes to surface radiation due to natural
characteristics (e.g., emissivity and thermal inertia)
during the day (Li and Becker, 1993; Goiita and Royer,
1997; Petitcoloin and Vermote, 2002; Boyd and
Petitcolin, 2004; He and Je, 2013). In particular, the
solar effect in urban, bare ground, and sparsely
vegetated areas increases the brightness value of the
MWIR images. Therefore, the removal of the reflected
signal in an MWIR image results in a reduction in false
alarms of fire detection.

Recent geostationary satellites images including
those of GOES-R, HIMAWARI-8/9 and GeoKompsat-
2A can provide a higher spatial resolution of
approximately 2 km and hence they can be used to
monitor fire evolution with a longer revisit time.
Because these geostationary satellite images are
affected by different solar radiation at each observation
time, the reflected signals can vary with the acquisition
time. Thus, fire detection using these geostationary
satellite images would be more challenging due to the
variation in reflected signals as opposed to detection
using polar-orbiting satellite images, which visit at a
relatively constant time. This is very important for the
fire-detection algorithm because most fire-detection
algorithms are based on brightness temperature.
However, removing reflected signals of an MWIR
image is not easy because the reflectivity or emissivity
of the MWIR channel is estimated.

In previous studies, methods using the temperature
at ground level (He and Li, 2011; 2012) and calculating

the reflection signal using the TIR channel (NOAA
NESDIS; Schmidt et al., 2010) to correct solar
reflection in day MWIR images have been proposed.
A method of using the temperature at ground level is
theoretically better to use for a fire detection algorithm;
however, it requires an atmospheric correction
algorithm and emissivity for all used channels. He and
Li (2011) proposed a method to detect fires using the
thermal radiation at a ground level from MODIS data
having the MOD11C3 emissivity product and creating
a look-up table (LUT) for the atmospheric corrections.
They reported that the performance of the method
improved by approximately 20% when compared to
the MODIS fire algorithm. However, there are some
drawbacks in applying it to fire detection. The
classification-based method does not reflect actual
surface changes well including surface wetness and
senescent vegetation (Snyder et al., 1998). This may
lead to an error in estimating the emissivity in dry
season environments. The LUT for atmospheric
corrections needs to consider abundant auxiliary data
depending on the set up of the LUT such as total
column water vapor contents (TWV), atmospheric
temperature, digital elevation models (DEM), geometry
parameters, and so on.

Alternatively, the GOES-R fire detection algorithm
(Schmidt et al., 2010) uses the brightness temperature
of the TIR channel to estimate the reflected signal of
the MWIR channel, but this method does not consider
the difference in the atmospheric effects of the two
channels. In addition, this is not independent of the TIR
channel. Thus, it cannot be used to calculate the
difference of brightness temperature for both two
channels. Therefore, it can only be used to evaluate the
amount of reflected signal.

Taking these points into consideration, we try to
mitigate the solar reflection effect from the brightness
temperature at the top-of-atmosphere (TOA) level by
using the calculated surface reflectance. We propose i)
a simple method to estimate the MWIR emissivity
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using the relation between the MWIR and visible (VIS)
channels as well as ii) an improved method to detect
fires by mitigating the reflected signals from the
estimated MWIR emissivity.

The main idea of this study noted the red channel.
The red channel has been used as an evaluation of the
solar effect in existing fire detection algorithms (Giglio
et al., 2003, 2016; Schmidt et al., 2010; Wooster et al.,
2012). In other fields, the relationship between the
MWIR and red channels has been investigated in
previous forest studies (Kaufman and Remer, 1994;
Boyd et al., 1999). Kaufman and Remer (1994)
replaced the MWIR reflectance with the red channel
reflectance when calculating the vegetation index 3
(VI3). The results from the studies showed that the
reflectance variation in the MWIR channel is very
similar to the red channel, although the process of
reflection is different for both two channels. The idea
has not been used to estimate the emissivity of the
MWIR channel from the red channel but to calculate
the vegetation index from the MWIR channel instead
of the red channel (Kaufman and Remer, 1994; Boyd

et al., 1999). We exploit that the converse relationship
between the red and MWIR reflectances is applicable
to improving the fire detection algorithm. In addition,
if the solar irradiance and the two-way atmospheric
transmittance are known, the reflected signal can be
easily removed.

MODIS images and the fire detection algorithm
(Gigloio, 2015) were used to test for the removal of
solar contamination. Thus, the performance validation
of the proposed method was performed by comparing
it to the MODIS Collection 6 active fire product (MOD
14 collection 6; Giglio, 2015). Because the proposed
fire detection method does not largely depend on sensor
types, it would seem that the proposed method can be
applied to most satellite images.

2. Method to mitigate solar contamination

The fire detection algorithms are divided into two
different types: 1) the absolute fire detection algorithm
and 2) the contextual fire detection algorithm (Justice
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Fig. 1.  Illustration of the radiative transfer model in the MWIR spectral region. Solar effects appear
during the day.
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et al., 2002; Giglio et al., 2003, 2016; Zhukov et al.,
2006; Wooster, 2012; Schroeder et al., 2014). The
algorithms are performed by thresholding a brightness
temperature value according to the sensor specifications
and day/night conditions. However, in the MWIR
channel, day images contain surface radiation,
atmospheric effect and reflected solar radiation (Li
and Becker, 1993; Goiita and Royer, 1997; Petitcoloin
and Vermote, 2002; Boyd and Petitcolin, 2004). In
particular, reflected solar radiation is much more
significant in high-reflection targets including urban,
bare ground, and sparsely vegetated areas. There 
is a greater than approximately 10 K brightness
temperature rise in 20% surface reflectivity at a 300 K
surface temperature (He and Li, 2011). When the
reflected solar radiation is removed, both the day and
night images have the same process to transfer surface
emission (except for the surface heating effect). As
shown in Fig. 1, the MWIR observations during the day
and night are approximately performed using equations
(1) to (4) (refer to Chandrasekhar, 1960 within Tang
and Li, 2014) as follows:

Lsat, λ = [ελ Bλ(Ts) + (1 – ελ)Lλ
↓] · τ(θs)λ

↑ + Lλ
↑ + Esun, λ    (1)

Lsat, λ = [ελ Bλ(Ts) + (1 – ελ)Lλ
↓] · τ(θs)λ

↑ + Lλ
↑                (2)

where Lsat, λ is the radiance observed by the satellite
sensor, ελ and ρλ are the surface emissivity and surface
reflectivity at a given wavelength, respectively, Bλ (Ts)
is Planck’s function at the surface temperature, Lλ

↓ and
Lλ

↑ are the upwelling and downwelling atmospheric
radiances, τ(θs)λ

↑ is the upward atmospheric transmittance
at given zenith angle (θs), and Esun, λ is the reflected solar
radiance from the surface as given by the following:

                                      ρλ · Ig, λ · τ (θs)λ
↑

                       Esun, λ = ——————–                        (3)                                                 π

               Ig, λ = Isun, λ · cos (θz) · τ (θz)λ
↓ + Iscat, λ                 (4)

where Ig, λ is the total (directed and scattered) solar
irradiance at the ground level at the given wavelength,
Isun, λ is the solar irradiance in the exoatmosphere (TOA)
at the given wavelength, Iscat, λ is the solar irradiance
scattered by the atmosphere, τ (θz)λ

↓ is the downward
atmospheric transmittance at the solar zenith angle (θz),
and τ (θs)λ

↑ is the upward atmospheric transmittance at
the sensor zenith angle (θs).
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Fig. 2.  Relative sensor response functions of the MODIS band 21 and 22 MWIR channels and
atmospheric transmissivity spectrum of the U.S standard atmosphere model calculated using
the MODTRAN 5.0 radiative transfer code (MODO v5.0@ReSe).
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In this study, we used the low-gain MWIR channel

given as the MODIS band 22. However, in order to avoid

saturation, the image pixels with a high temperature

greater than 330 K were changed into image pixels

from MODIS band 21. Fig. 2 shows the relative

spectral response function of MODIS bands 21 and

22 (https://mcst.gsfc.nasa.gov/calibration/parameters)

and the solar irradiance at ground level (Ig) with

multiple scattering due to the solar zenith angle (SZA)

calculated using the MODTRAN 5.0 radiative transfer

code (MODO v5.0@ ReSe Applications Schläpfer,

Wil, Switzerland) using the U.S. standard atmosphere

model. The estimated TOA solar irradiance of MODIS

band 22 was approximately 9.17 W/m2/sr/μm, and the

maximum variation due to the Sun-Earth distance was

approximately 3.9%. In order to remove the reflected

solar radiance defined by Equation (3) from the 

at-sensor radiance of Equation (1), the two-way

atmospheric transmittance and surface reflectivity need

to be determined.

1) Transmittance
To remove the reflected solar radiance from an at-

sensor signal, it should be calculated for the upward
and downward atmospheric transmittance in the optical
path of equation (3). MODIS band 22 was designed to
avoid the main effects of CO2 and O3 absorption as well
as water vapor contents. Thus, MODIS band 22 is
slightly affected by atmospheric effects in the 3-5 μm
MWIR spectral region.

The MODTRAN 5.0 radiative transfer code was
used to obtain the atmospheric transmittance. Six
standard atmospheric profiles such as mid-latitude
summer and winter, sub-arctic summer and winter,
and tropical and US standard in MODTRAN were
examined with scaled water vapors of 0.2 to 4.0 g/cm2

with an interval of 0.2 g/cm2. The uniformly mixed
gasses such as CO2 and O3 were used at default values
for a standard atmosphere, which are 370 ppm for
CO2 and 330 DU for O3. Finally, the atmospheric
transmittance was convolved with the MODIS band
22 spectral response function. The atmosphere
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Fig. 3.  Variation in the atmospheric transmittance according to the optical path and the
atmospheric total column water vapor contents (g/cm2) in the MODIS band 22 MWIR
channel. The graphs were obtained using the MODTRAN simulation. The optical paths
from 0, 10, 20, 30, 40, 50 and 60 degrees are represented by the solid and open
circles, solid and open triangles, solid and open squares, and cross, respectively.
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transmissivity is affected by the geometry as well as the
effect of water vapor contents. Because the MODIS
sensor has a large field of view (FOV) of 55 degrees,
an optical path of from 0 to 60 degrees with an interval
of 10 degrees was used in the test.

Fig. 3 shows atmospheric transmittance variations
according to optical path and the atmospheric total
column water vapor contents (g/cm2) in the MODIS
band 22 MWIR channel. The total atmosphere
transmissivity in the water content from 0.0 to 4.0 g/cm2

was estimated using the MODTRAN simulation. The
variation in the estimated atmosphere transmittance
was as small as 0.025 in a nadir angle, as shown in
Fig. 3. This means that the transmissivity due to water
content in the atmosphere would cause a small error.
Fig. 4 shows the atmospheric transmittance variation
according to air mass, which is the direct optical path
length through the atmosphere, by a solar zenith angle.
The error bar of Fig. 4 represents the standard deviation
of the atmospheric transmittance estimated from the
water vapor content variation from 0 to 4 g/cm2. The
result suggests that the optical path is much more
important than water vapor content in the MODIS band

22. Thus, in order to remove the solar reflected signal
effectively, the calculation of the two-way atmosphere
transmittance can be done by considering the solar
zenith angle and sensor zenith angle as given by the
following simple empirical equation:

             τ(θ) = -0.143 m2 + 0.193 m + 0.823 
                  (∴m = sec(Zenith angle))                    (5)

2) Determination of surface reflectance
The estimation of surface reflectance or emissivity

in the MWIR channel is usually categorized into 1) a
method based on thermal infrared spectral indices
(Beker and Li, 1990, 1992; Li and Becker, 1990; Nelly
et al., 1998; Petitcolin and Vermote, 2002) and 2)
empirical methods. The TISI-based method has a
significant constraint in that it needs cloud-free images
during both the day and night. Thus, the method is
unsuitable for detecting fires because fire detection
requires near-real time processing. The empirical
methods can easily calculate surface emissivity values,
and include a method based on the normalized difference
vegetation index (NDVI) and the classification-based
method. They have an advantage in that they can easily
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Fig. 4.  Relationship between the optical path length and the atmospheric transmittance.
The error bar shows the standard deviation of the atmospheric transmittances
estimated from the water vapor content variations from 0 to 4 g/cm2.
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calculate emissivity. The NDVI-based method has been
popularly used to estimate emissivity in the TIR
channel (Van de griend and Owe, 1993; Valor and
Caselles, 1996; Sobrino and Raissouni, 2000; Jiménez-
Muñoz and Sobrino, 2003; Sobrino et al., 2008).
However, the relationship between MWIR emissivity
and vegetation index has not been well studied. In
addition, this method has difficulties in application to
non-vegetated areas. This is an important issue in the
MWIR channel because the variations in the MWIR
emissivity are generally larger than those of TIR
emissivity as shown in various spectral libraries
(Elvidge, 1988; Salisbury and D’Aria, 1994; Snyder et
al., 1997, 1998). Alternatively, the MWIR emissivity
is estimated by using a fixed value according to the
classified land cover with the spectral library. The
classification-based method has an advantage in that it
can easily calculate emissivity values (Siroski et al.,
1997). The classification-based method had also been
proposed for the fire detection algorithm (He and Li,
2011; 2012). However, the method does not readily
reflect actual surface changes including surface wetness
and senescent vegetation (Snyder et al., 1998). This
may lead to an error in estimating emissivity in a dry
season environment. Thus, it cannot reflect the actual

surface emissivity.
To overcome the drawbacks of these conventional

methods, we exploit that the reflectivity of the MWIR
and red channels has a similar pattern (Kaufman and
Remer, 1994). In previous study, this idea has not been
used to estimate the emissivity of the MWIR channel
from the red channel but to calculate the vegetation
index from the MWIR channel instead of the red
channel (Kaufman and Remer, 1994; Boyd et al.,
1999). In this study, the converse relationship between
red and MWIR reflectance is applicable to estimate
surface emissivity in the MWIR channel.

The MODIS MCD43 16-day product for one year
from Jan. 1, 2014, to Dec. 31, 2014, was used to
analyze the relationship between MWIR and red
reflectivity. In this test, we excluded the polar, ocean,
and coastal areas, because we could not find any
correlations between MWIR and red channels in areas
covered by water, snow, and ice. These covers showed
a constant MWIR reflectivity without regard to the
variations in red channel reflectivity. To consider
seasonal variation, we sampled the MODIS data every
8 days and applied the linear regression method to the
sampled data. Consequently, a total of 14,578,097
samples were used to establish the relationship between

An Extraction of Solar-contaminated Energy Part from MODIS Middle Infrared Channel Measurement to Detect Forest Fires
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Fig. 5.  Estimation of linear regression function between red reflectivity and MWIR emissivity. The
estimation was performed by using the MODIS MCD43 16-day products acquired in 2014.
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red reflectance (Band 1) and MWIR emissivity (Band
22). Fig. 5 shows the estimated linear regression model
between red reflectivity and MWIR emissivity. From
the regression analysis, we simply derived the MWIR
emissivity (εMWIR) and reflectivity (ρMWIR) as follows:

                     εMWIR = -0.288ρRed + 0.972                       (6)

             ρMWIR = 1 – εMWIR (by Kirchoff’s law)              (7)

3) Elimination of solar effects
Fig. 6 shows an example of solar effect mitigation

using the proposed method. The test image was the

MOD02 L1B obtained on 2:55 UTC on April 23, 2014.

The two-way atmospheric transmittance was calculated

from Equation (5) using the solar and sensor zenith

angle from the MOD03 geolocation product as an

auxiliary data. And the surface emissivity was

estimated from Equation (6) using the MODIS Band 1

red channel reflectance image (Fig. 6 (a)). Finally, the

reflected solar radiance was calculated by using

Equations (3) and (4). Fig. 6 (b) and (c) show the
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Fig. 6.  An example of solar effect mitigation from the MOD021KM and MOD03 geolocation product at
2:55 UTC on April 23, 2014: (a) The MWIR (Band 22) land surface emissivity map obtained from
Equations (6) and (7) using the day red channel (Band 1) image, (b) brightness temperature
from the MWIR image, (c) brightness temperature from the solar effect-mitigated MWIR image
and (d) difference map between the brightness temperatures. (b), (c) and (d) show the area
enlarged by the red box shown in (a).
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MWIR brightness temperature and the solar-effect-
mitigated MWIR brightness temperature in the red
box of Fig. 6 (a), respectively. Fig. 6 (d) shows the
temperature difference before and after. The temperature
showed a difference of approximately 2 to 7 K.

3. Threshold optimization

If the solar reflection effect in the day MWIR image
is well corrected, the corrected MWIR image would
not depend on surface reflectivity. In addition, because
the brightness temperature is reduced overall in the
corrected MWIR image, the threshold value should be
adjusted as much as the influence of the reflection
signal mitigation for detecting fire. Therefore, in this
chapter we want to test how much adjustment is needed
to optimize the threshold values needed to detect a
forest fire when the solar reflection signal is mitigated.

1) Study area and data
The test site is in Northeast Asia centered on the

Korean peninsula. The study area largely included bare
ground and sparsely vegetated areas in the Inner
Mongolia, Manchuria, and North Korea region.
Moreover, these regions have a burning period in the
spring season because of slash-and-burn farming.
Among the MOD021KM and MOD14 (collection 6)
images obtained in 2014, a total of 113 images were
selected in the study area because they include
relatively low cloud cover. In order to reduce the false
alarms of MOD14, a total of 8,254 fires with a
confidence level of more than 30% were finally
selected and used for the threshold optimization.

2) Determining Thresholds
In order to determine the optimal threshold value,

the brightness temperature was calculated from the
MOD021KM Band 22 MWIR image. As previously
mentioned in chapter 2, the brightness temperature
pixels higher than 330K were substituted into Band 21.
After the image was corrected using the solar effect
mitigation approach proposed by this study, we created
a solar effect-mitigated brightness temperature map.

An Extraction of Solar-contaminated Energy Part from MODIS Middle Infrared Channel Measurement to Detect Forest Fires
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Fig. 7.  Comparison of the brightness temperature on MOD14 collection 6 fire pixels between the original and
solar-effect-mitigated images: (a) potential fire temperature (300 K < T4 < 325 K), (b) potential fire
temperature differences (ΔT— > 10 K), (c) exclusion fire temperature (T4 ≥ 325 K), and (d) exclusion fire
temperature differences (ΔT— ≥ 20 K).

04박욱(39~55)ok.qxp_원격35-1(2019)  2019. 2. 27.  오후 2:03  페이지 47



The threshold values for the potential and exclusion
fires, which are used for the contextual algorithm
(Giglio et al., 2003, 2016), were extracted from the
original and solar-effect-mitigated brightness temperature
maps in fire pixels that are provided by the MOD14
dataset. Potential fires are provided by the MOD14
collection 6 product using the variable thresholding
approach, and hence the threshold values used for each
fire pixel could not be known. Consequently, the
potential fire pixels were identified when the brightness
temperatures in the MWIR channel were from 300 K
to 325 K and the exclusion fire pixels were classified
when the brightness temperatures were higher than
325 K. Fig. 7 shows the histograms of potential fire
temperature (300 K < T4 < 325 K), potential fire
temperature differences (ΔT— > 10 K), exclusion fire
temperature (T4 ≥ 325 K), and exclusion fire temperature
differences (ΔT— ≥ 20 K), which were created by using
the potential and exclusion fire pixels identified from
MOD14 fire pixels in the original and solar-effect-
mitigated images. Supposing that all the identified fire
pixels are true, the minimum values of the histograms
can be considered as threshold values.

The minimum temperatures of potential fires were
approximately 300.15 K and 295.82 K in the original
and solar-effect-mitigated images, respectively. Thus,
the minimum variable threshold of the potential fire

temperature T4 was determined as 295 K using the
proposed method. The brightness temperature differences
of potential fires were, respectively, 10028 K and 6.37
K in the original and solar-effect-mitigated images, and
hence the minimum variable threshold of the potential
fire temperature difference ΔT was determined as 6 K
using the proposed method. And the minimum variable
thresholds of the exclusion fire temperature T4 and
temperature difference ΔT were also changed to 321 K
and 17 K from 325 K and 20.00 K, respectively. Table 1
summarizes and compares the minimum variable
thresholds of the MODIS fire algorithm and the
proposed method.

3) Relationship between fire pixels and
background pixels
The solar effect mitigation enables us to reduce the

commission and omission errors caused by the fire
detection contextual algorithm, because the solar-
reflected signals can be mitigated from the MWIR
channel (He and Li, 2013). Thus, we analyzed the
processing parameters used for the MODIS fire
algorithm and proposed method in the extracted fire
pixels. Table 2 compares the processing parameters
estimated from the MODIS fire algorithm to those of
the proposed method. The processing parameters are
as follows: 1) mean fire pixel temperature, Mean (T4),
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Table 1.  Threshold values used for the MODIS fire algorithm and the proposed method (unit: K)

Threshold Potential Fire T4 Potential Fire ΔT Exclusion Fire pixel T4 Exclusion Fire pixel ΔT
MODIS Fire algorithm 300 10 325 20

Proposed method 295 6 321 17

Table 2.  Comparison of the processing parameters between the MODIS fire algorithm and the proposed method (unit: K)

Processing Parameters MODIS FIRE samples Solar effect-mitigated samples Differences

MOD14 Fires 
(N = 8,254)

Mean (T4) 316.87 314.86 -2.01
Mean (T4

– ) 299.73 296.33 -3.40
Mean (MAD(T4

– )) 1.75 1.98 0.23
Mean (MAD(ΔT—)) 1.24 1.41 0.17

Min (T4 – (T4
– + 3MAD(T4

– ))) 0.02 -1.47 -1.49
Min (ΔT – (ΔT— + 3.5MAD(ΔT—))) 0.03 -2.73 -2.76
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2) mean background temperature, Mean (T4
– ), 3) mean

difference deviation (MAD) background temperature,
Mean (MAD(T4

– )), and 4) mean MAD background
temperature difference, Mean (MAD(ΔT—). The
differences between the solar-effect-mitigated and
original images were approximately -2.01K, -3.40K,
0.23K and 0.17K in Mean (T4), Mean (T4

– ), Mean
(MAD(T4

– )), and Mean (MAD(ΔT—)), respectively.
When the differences were applied to the fire detection
equations (Giglio et al., 2003, 2016), the differences
were approximately -1.49 K and -2.76 K in Equations
(8) and (9), respectively. This means that the differences
are able to improve the number of fire detections.

                        T4 > (T4
– + 3MAD(T4

– ))                          (8)

                    ΔT > (ΔT— + 3.5MAD(ΔT—))                      (9)

4. Processing results and Evaluation

A total of 52 MOD021KM images acquired in April
2014 was used for performance validation of the
proposed method. The MOD14 products were compared
to the fire detection result from the proposed method.
Fig. 8 shows the detailed processing workflow of the
proposed method for detecting fires from MODIS
images. The algorithm used for the MOD14 collection
6 (Giglio et al., 2016) was modified to improve the fire
detection accuracy. The reflected solar radiance
mitigation and threshold values were modified in the
proposed method, as previously mentioned.

Fig. 9 shows the fires detected from the 52
MOD021KM images acquired in April 2014. The
black solid circles show the fires detected by both the
MODIS algorithm and the proposed method. The red
solid circles represent the fires detected only by the
proposed algorithm while the blue solid circles present

An Extraction of Solar-contaminated Energy Part from MODIS Middle Infrared Channel Measurement to Detect Forest Fires

– 49 –

Fig. 8.  Detailed processing flow of the proposed fire detection method.
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the fires detected only by the MODIS algorithm. Table

3 summarizes the number of commonly detected fires,

and the fires detected by the proposed and MODIS

algorithms. The total number of detected fires was

10,638 and 12,433 from the MODIS and proposed

algorithms, respectively. The number of total fires using

the proposed method increased 16.87% compared to

that of the MOD14 product. The number of commonly

detected fires by the two algorithms was 9178 and the

number of differently detected fires was 3255 and 1460

for the proposed and MODIS algorithms, respectively.

In order to compare the performance of the proposed

and MODIS algorithms, we carried out visual analysis

and a confidence level test of the MOD14 product.

To evaluate the performance of the proposed

method, we carried out visual analysis using a subset

image from a part of Inner Mongolia and Manchuria.

The performance of the proposed method could be

effectively evaluated in the areas because the areas had

a relatively higher reflectance in the MWIR channel.

All fire pixels were found visually by searching for

smoke plums and burn scars. Thus, we could classify

most fire pixels into smoke and non-smoke fires. The

fires with smoke plumes can be assumed to be true

fires, while a non-smoke fire does not necessarily mean

it is a false fire. That is, non-smoke fires can be true or

false fires.

Table 4 compares results from the MOD14 algorithm

and the proposed method. The two algorithms detected

a total of 1006 and 1339 fires, respectively. Smoke fires
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Fig. 9.  Fire detection results in the study area in April 2014. The black solid circles show the fires detected by
both the MODIS algorithm and proposed method. The red solid circles represent the fires detected only
by the proposed algorithm while the blue solid circles present the fires detected only by the MODIS
algorithm.

Table 3.  Total number of fires detected by the MODIS fire algorithm and the proposed method

Algorithm Commonly detected fires Differently detected fires Total fires

Proposed 9,178 3,255 12,433 
(+16.87%)

MOD14 fire 9,178 1,460 10,638
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were detected a total of 781 and 1009 times as shown

in Table 4. The additionally detected smoke fires

comprised 281 fires. The increased detection rate of

smoke fires was 29.19%. In total, 77.63% and 75.35%

of smoke fires were detected by the MOD14 algorithm

and the proposed method respectively, in the validation

dataset. The results of the MOD14 fire algorithm are

shown to be of slightly higher accuracy, 2.28%,

compared to that of the proposed method. On the other

hand, the proposed method detected more than 30%

more fires. Consequently, both algorithms show similar

levels of accuracy, but the proposed algorithm detects

approximately 30% more fires.

Moreover, we found that the proposed method

reduced the false alarms of artificial structures or urban

areas. An example of reducing the false alarm from an

artificial structure effect is shown in Fig. 10. The blue

circle of Fig. 10 indicates an industrial area. The

MODIS algorithm detected some bright buildings as

fires while the proposed algorithm did not detect them.

This is because the solar effect was mitigated from the

MWIR channels. The red circle of Fig. 10 presents fires

with relatively low temperature. We could confirm that

the fires were undetectable using the MODIS fire

algorithm, but detectable using the proposed method.

This also indicates that the solar effect was successfully
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Fig. 10.  An example of exclusion false alarm from the proposed method. Blue circle shows an industrial area. Red
circle shows fires with relatively low temperature. It is noted that the events did not occur on the same day
(The figure on the right refers to a Google Earth image).algorithm.

Table 4.  Comparison between the MODIS fire algorithm and the proposed method in part of Inner Mongolia and Manchuria

Algorithms Fire types Number Percent

MOD14 fire algorithm
Smoke fires 781 77.63%

Non-smoke fires 225 22.37%
Total fires 1006 100.00%

The proposed method
Smoke fires 1009 75.35%

Non-smoke fires 330 24.65%
Total fires 1339 100.00%
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mitigated from the MWIR channels. The result shows
as one of many examples that the proposed method has
a better detection performance in avoiding false alarms
of artificial structures or urban areas than the MODIS
fire algorithm.

We analyzed the confidence level of unrecognized
fire using the proposed algorithm. Fig. 11 shows
cumulative distribution functions (CDFs) of the
commonly detected fires and the undetected fires with
respect to detection confidence. The confidence level
of less than 30% in the commonly detected fires
included 346 fires (approximately 3.77%) among a
total of 9,178 fires while that of the undetected fires
was 344 (23.56%) among a total of 1,460 fires. This
means that the number of fires with low confidence in
the unrecognized fire was six times greater than that of
commonly detected fire.

5. Conclusions

This study proposed an efficient method to mitigate
the solar effect in improving a fire detection algorithm.
Although solar effect mitigation in the MWIR channel

has been applied to fire detection in a previous study,
the proposed method has some advantages in that it i)
adopts the Red channel for retrieving MWIR emissivity
and ii) can correct atmospheric effects by calculating
atmospheric transmissivity. To calculate the MWIR
emissivity using Red channel reflectance, we analyzed
the relationship between red reflectance and MWIR
emissivity using fourteen million paired samples from
a one-year MODIS global dataset. Moreover, a simple
form equation for atmospheric transmittance calculation
of MODIS band 22 was proposed in this study through
MODTRAN simulations. Consequently, the MODIS
fire algorithm was modified by adding solar effect
mitigation of MWIR images and was used to change
threshold values.

Through this study, the Red-channel-based
emissivity has a better practical advantage when
compared to classification-based emissivity because i)
land classification-based emissivity has difficulty in
reflecting actual surface emissivity, while red channel-
based emissivity can readily reflect it, and ii) red
channel-based emissivity can be easily estimated from
the red channel obtained at the same acquisition time.
However, red channel-based MWIR emissivity has a
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Fig. 11.  CDFs of commonly detected fires and undetected fires according to detection
confidence. The black solid line shows commonly detected fires, and the black dashed
line represents fires undetected by the proposed algorithm.estimation was performed
by using the MODIS MCD43 16-day products acquired in 2014.
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drawback in that the Red reflectance channel is
vulnerable to the aerosol effect. This contrasts with the
advantages of using MWIR channel reflectance instead
of red channel reflectance as proposed by Kaufman
and Remer (1994). Thus, red channel-based MWIR
emissivity may be overestimated due to the aerosol
effect.

The detection performance of the proposed method
was evaluated using 52 MODIS Terra L1B scenes over
Northeast Asia acquired in April 2014. We found that
the proposed method had an improved performance of
16.87% when compared to the MODIS fire algorithm.
In addition, a visual analysis and confidence level test
were performed to supplement the comparison between
algorithms. The visual analysis showed that the
detection rate of the proposed method increased
approximately 30% in the high solar reflection areas.
And the false alarms from some of the artificial
structures were excluded suing the proposed fire
detection algorithm. The confidence level test showed
that the unrecognized fires in the proposed method
reject low confidence fires. Although this test is not
perfect, we can suggest that the proposed algorithm
has higher accuracy compared to the MODIS fire
algorithm.

In conclusion, our results showed that the proposed
method is very efficient in mitigating solar reflection
with an improved detection rate and a higher
confidence. The method does not require additional
external data such as land-cover maps and auxiliary
atmospheric data. Although this study was carried out
using MODIS data, the proposed method could be
applied to other satellite images acquiring both the
red and MWIR channels. Especially for geostationary
satellites such as GOES-R, HIMAWARI-8/9 and
GeoKompsat-2A, the short acquisition time would
greatly improve the performance of the proposed fire
detection algorithm because the reflected signals in the
geostationary satellite images frequently vary according
to sun zenith angle.
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