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H I G H L I G H T S  

• We evaluate the general performance of the common satellite fire products in eastern China. 
• Both polar-orbiting and geostationary satellite observations have large omission ratios for the agricultural fires. 
• UVA supervisions reveal prevalent small agricultural fires not detected in the common satellite detection.  
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A B S T R A C T   

Satellite fire observations provide an essential constraint for the estimation of global biomass burning emissions. 
In this study, we present a comprehensive insight into the performance of the common satellite fire products in 
eastern China. Despite consistent spatial patterns, both polar-orbiting and geostationary satellite observations 
have large omission errors for the agricultural burning fires. Owing to a coarse resolution of 2 km, approximately 
90% of the concurrent 375 m Visible infrared Imaging Radiometer (VIIRS) fires are not detected in Himawari-8 
products. Nevertheless, the total amount of daily Himawari-8 fires is much higher than those of VIIRS and 1 km 
Moderate resolution imaging spectroradiometer (MODIS). The peak time of diurnal fire counts in eastern China 
has obvious seasonal variations, some of which are missed by polar-orbiting satellite detection. Validation by 3 m 
PlanetScope images shows that VIIRS and MODIS have a very high accuracy in detecting crop straw burning 
fires. However, Himawari-8 fires have obvious false alarms due largely to their algorithm defects. Also, the 
coarse resolution of Himawari-8 tends to make fire detection more likely to be obscured by dense smoke. The 
unmanned aerial vehicle (UAV) supervisions reveal prevalent small agricultural fires (<0.5 × 104 m2) in the 
extensive croplands that are not detected in the common satellite fires. As control measures get more stringent, 
spatial-temporal patterns as well as the scales of biomass burning activities in China have undergone dramatic 
changes. Considering the crucial role of satellite fires in estimating biomass burning emissions, it is necessary to 
improve satellite fire detection with more advanced observations and retrieval methods.   

1. Introduction 

Biomass burning is a global phenomenon that occurs in the vegetated 
terrestrial ecosystem. Every year, combustion of the open vegetation 

fires emits large amounts of gases and aerosol particles into the atmo
sphere (Andreae et al., 2019; Langmann et al., 2009). Organic carbon 
and black carbon from biomass burning are estimated to account for 
about 62% and 27% of their global emissions (Wiedinmyer et al., 2011). 
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Moreover, biomass burning emissions have important contributions to 
the increasing greenhouse gases including carbon dioxide (CO2) and 
methane (CH4) as well as other gaseous pollutants such as sulfur dioxide 
(SO2) and nitrogen oxides (NOx) (Streets et al., 2003). Therefore, 
emissions from biomass burning play a significant role in the environ
ment and climate system (Chen et al., 2017; Crutzen and Andreae, 1990; 
Gupta et al., 2004; Koren et al., 2004), which are also the crucial inputs 
required by chemical transport and atmospheric circulation models (Pan 
et al., 2020). 

Different from the concentrated pollution in urban/industrial areas, 
the large spatial and temporal variations of biomass burning fires pose a 
great challenge on their emission estimation and environment man
agement. The abruptness and randomness of global vegetation fires as 
well as their varied burning areas make them hard to be effectively 
monitored by ground stations. As early as the 1980s, wide-swath satel
lite infrared observations with the advantage of daily global coverage 
have been used to identify active fires by detecting their intense thermal 
radiation (Dozier, 1981; Flannigan and Haar, 1986). Operational fire 
products from polar-orbiting satellite instruments such as Advanced 
Very High Resolution Radiometer (AVHRR) and Moderate Resolution 
Imaging Spectroradiometer (MODIS) have been developed (Giglio et al., 
2003, 2009, 2016) and widely used (Wiedinmyer et al., 2011; Zhang 
et al., 2020). In particular, spatial and temporal resolutions of recent 
polar-orbiting and geostationary satellite instruments have been 
significantly improved (Li et al., 2020; Schroeder et al., 2014), allowing 
the detection of smaller, fast-burning fires. 

Biomass burning in China has been shown to have widespread and 
complicated influences on regional air quality and climate (Chen et al., 
2017). During the harvest season, dense agricultural straw burning fires 
exist in the vast croplands of eastern China (Tao et al., 2013). The 
intense emissions of these crop fires mix with local anthropogenic pol
lutants, and change optical properties of the aerosols (Li et al., 2010). 
With the favor of satellite fire detection, the Environment Protection 
Agency (EPA) of China has banned open burning of crop straws with 
daily satellite supervision (Wang et al., 2021). However, unlike the 
sustained bushfires with a large-scale burned area, the crop straw fires 
usually have a large spatial discreteness and a rapid burning process 
(Hall et al., 2016; Liu et al., 2019). By now, performance of the current 
satellite fire products in China remains unclear due to a lack of sufficient 
validations. 

In this study, we present a comprehensive insight into performance 

of the common satellite fire products with different spatial and temporal 
resolutions in eastern China during 2019. Also, accuracy of the opera
tional fire products is validated by their inter-comparison as well as 
high-resolution satellite images at meter resolution. The fire detection 
algorithms of satellite products are introduced in section 2. General 
characteristics of the active fires from both polar-orbiting and geosta
tionary satellites are compared in section 3.1. Then, performance of 
these satellite fire products is analyzed and discussed in section 3.2 and 
3.3. Section 4 gives a brief summary of the conclusions. 

2. Data and methods 

2.1. Description of the study area 

China is a major agricultural country of the world since ancient 
times. As shown in Fig. 1, most of the vegetation covers are concentrated 
in the broad plains of northeastern, northern, and central part of China, 
which is also the most populous regions of China. During the harvest 
season of every year, agricultural wastes such as crop straws from rice, 
wheat and maize are usually burned to clear the land quickly (Huang 
et al., 2012). Moreover, biomass burning fires exist in the mountains and 
hilly areas around the plains or in southern China. Considering that the 
western part of China is dominated by deserts and bare lands, we select 
the scope within 100–136◦E, 25–50◦N in eastern China as the study area. 

2.2. Collection 6 MODIS fire product 

By utilizing spectral brightness temperatures at 4 μm (T4) and 11 μm 
(T11) at 1 km, MODIS contextual algorithm can not only detect large 
high-temperature fires with absolute thresholds, but also identify 
smaller and cooler fires based on the statistical test of their differences 
with background non-fire pixels (Giglio et al., 2003, 2016). Also, con
fidence of the fire pixels is calculated depending on T4 and the number of 
adjacent cloud and water pixels. Global validations of MODIS fire 
products by using coincident fire masks from 30 m satellite images show 
that omission error stabilizes at ~5% for MODIS pixels containing more 
than ~250 30 m fire pixels (Schroeder et al., 2008). Smaller fires with 
much smaller sizes can also be detected, but the omission fraction in
creases rapidly as the fire size. By contrast, the global commission error 
of MODIS fires is much lower at 1.2% (Giglio et al., 2016). We select the 
recent Collection (C) 6 MODIS fire products (MCD14ML) of all 

Fig. 1. Spatial extent (bule) of the study area (100–136◦E, 18–55◦N) in China.  
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confidence from both the morning satellite Terra and afternoon Aqua for 
the analysis (https://firms.modaps.eosdis.nasa.gov/). Besides fire loca
tion, the rate of fire radiative energy (Joules per second or Watts), 
defined as Fire Radiative Power (FRP), is widely used as an indicator of 
fire emissions (Wooster and Zhang, 2004). MODIS Fire FRP is calculated 
as a function of 4 μm radiance and pixel size (Giglio et al., 2016). 

2.3. Visible Infrared Imaging Radiometer Suite (VIIRS) fire product 

As the successor of MODIS, VIIRS instrument is launched aboard the 
Suomi National Polar-orbiting Partnership (S-NPP) satellite in October 
2011 and NOAA-20 satellite in November 2017, respectively. With 
higher spatial resolutions at 375 m and 750 m, VIIRS detection based on 
similar fire algorithm as MODIS can identify much more smaller and 
cooler fires (Schroeder et al., 2014; Zhang et al., 2020). It should be 
stated that the time interval of NOAA-20 and S-NPP is around 50 min, 
and the VIIRS fires from NOAA-20 is available from 2020. To examine 
the influence of spatial resolution on fire detection, we utilize VIIRS 375 
m fire products from the S-NPP satellite (VNP14IMG) for comparison 
(https://firms.modaps.eosdis.nasa.gov/). 

2.4. Himawari-8 Advanced Himawari Imager (AHI) fire product 

The next generation geostationary weather satellite, Himawari-8, 
was launched in October 2014 by the Japan Meteorological Agency 
(JMA). The Advanced Himawari Imager (AHI) onboard Himawari-8 
measures spectral irradiance of the Earth-atmosphere system with 16 
channels in 0.4–14 μm at a high temporal resolution of 10 min (Bessho 
et al., 2016; Zhang et al., 2019). Despite a spatial resolution of 0.5–1 km 
in visible and near infrared bands, Himawari-8 has a relatively coarse 
pixel size of 2 km for middle and thermal infrared observations. Since 
Himawari-8 also has middle and thermal infrared bands as MODIS and 
VIIRS, contextual fire detection algorithm is utilized to detect the 
burning fires (Li et al., 2020). We select the 10-min Himawari-8 products 
to evaluate the influence of temporal resolution on fire detection (ftp: 
//ftp.ptree.jaxa.jp). To avoid repetitive statistics of daily fire occur
rence, we only count the Himawari-8 fires in the same location and the 
same day once. 

2.5. PlanetScope and unmanned aerial vehicle (UAV) images 

Most previous studies validate the satellite fires by 30 m Landsat 
images (Schroeder et al., 2008; Li et al., 2020), but it is difficult to obtain 
sufficient matchups in regional scales due to its long revisit circle of 
more than half a month. Also, these satellite images such as Landsat 
usually identify fires by burn-sensitive vegetation index rather than 
thermal radiation of the burning fire, which cannot reflect fire burning 
time. With a unique combination of spatial coverage in different orbits, 
PlanetScope constellation of approximately 200 satellites can obtain a 
daily image of the entire Earth at 3 m resolution. The PlanetScope sensor 
has four bands including blue, green, red and near infrared (https: 
//www.l3harrisgeospatial.com/), and fire burned area and burning in 
which day can be clearly identified in its RGB image. Moreover, the EPA 
in several provinces of China have utilized UAV images to monitor 
biomass burning in local scales (http://sthjt.hubei.gov.cn/). UAV ob
servations with a high resolution at 0.1 m can easily detect very small 
fires of several square meters. 

2.6. Validation 

The different spatial and temporal resolutions of polar-orbiting and 
geostationary satellite fires make large-scale assessment of omission and 
commission errors with short-term data possible by their inter- 
comparison. Considering the difference of satellite fire products at 
spatial and temporal resolutions, fire numbers are calculated at unified 
grids and only counted once at one grid and one day. To have a detailed 
view of the performance of 375 m VIIRS fire products, we select Plan
etScope and UAV RGB images in central China to make a validation at 
fine scales. 

3. Results and discussions 

3.1. Overall performance of satellite fires in China 

To have a general view of the consistency and uncertainties of 
common satellite fires in eastern China, we first examine their spatial 
and temporal patterns. Fig. 2 shows time series of the active fire counts 
derived from 1 km MODIS, 375 m VIIRS and 2 km Himawari-8 AHI 

Fig. 2. Daily time series of fire counts in eastern China derived from MODIS (blue), VIIRS (red) and Himawari-8 AHI (green) during 2018 and 2019. (For inter
pretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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during 2018 and 2019 in eastern China (100–136◦E, 25–50◦N). Unlike 
the largest number of agricultural fires during summer around 2010 
(Huang et al., 2012; Tao et al., 2013), the peaks of fire counts appear in 
spring, which are 2–3 times of those in summer and fall. The most 

striking feature is the distinct discrepancy in fire numbers of different 
satellite products. Even fires in the same grid and the same day are 
counted only once, daily occurrence of the 10-min Himawari-8 fires is 
much higher than those from MODIS and VIIRS due to more fires 

Fig. 3. Left) 500 m MODIS land cover types in eastern China, right) percentage of MODIS (blue), VIIRS (red), and Himawari-8 AHI (green) thermal anomalies over 
typical surface types during 2019. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 4. Seasonal occurrence of 1 km MODIS (a), 375 m VIIRS (b) and 2 km Himawari-8 (c) fire counts in eastern China during 2019.  

J. Chen et al.                                                                                                                                                                                                                                     



Atmospheric Environment 268 (2022) 118838

5

detected by its high temporal resolution. Also, 375 m VIIRS fires have a 
much larger number than the 1 km MODIS and are close with Hima
wari-8’s in spring. Although MODIS fires from both Terra and Aqua 
satellite are considered, their daily counts are very low (<200) except in 
spring. As strict measures against agricultural fires implemented around 
2010, the straw burning season switches from summer to spring, when 
the fire supervision can be less stringent within the non-harvest season. 

The satellite fires in eastern China during 2019 are counted based on 
the C6 MODIS 500 m land cover product (MCD12Q1) (Fig. 3). 
MCD12Q1 divides global land covers into 17 categories with an overall 
accuracy of 73.6% (Sulla-Menashe et al., 2019). Some smaller categories 
in MCD12Q1 are merged and there are 8 surface types utilized in eastern 
China. Fires in croplands account for the largest percentage of approx
imately 40%, and those in savannas and grasslands contribute to ~15% 
of the total thermal anomalies, respectively. It is worth noting that 
~15–20% of the thermal anomalies appear in urban/industrial regions, 
which can be caused by the intense industrial heat emissions (Li et al., 
2021). Considering that the lack of croplands in the 500 m MODIS land 
covers is not reasonable in several provinces of southern part, many 
agricultural fires in the fragmented croplands can be classified into sa
vannas. Additionally, fire counts in the wetlands and forests are at a 
much lower level in eastern China with a percentage of ~6% and 
~2–4%, respectively. 

To have a direct view of spatial patterns of the fires, their seasonal 
frequency in eastern China during 2019 is shown in Fig. 4. Compared 
with the fire occurrence around 2010 (Huang et al., 2012; Tao et al., 
2013), spatial distribution of the biomass burning exhibits a dramatic 
transition. The intense agricultural fires in the Northern China Plain 
(NCP) in summer have nearly disappeared during 2019. Moreover, 
biomass burning hotspots move from NCP in summer to northeastern 
China in spring and winter, which can be largely caused by diverse 
control measures of crop straw burning in difference provinces. The 
biomass burning hotspots in the NCP and southern China are very 
scattered. 

Despite consistent spatial patterns, seasonal occurrence of MODIS, 
VIIRS and Himawari-8 fires have distinct magnitudes (Fig. 4). The 
spatial occurrence of VIIRS fires is 2–3 times of MODIS’s due to much 
more fires detected by the high spatial resolution. By contrast, spatial 
occurrence of Himawari-8 fires is much larger than MODIS and VIIRS 
ones, implying that many fires with rapid burning process have been 
missed by the polar-orbiting observations. Although Himawari-8 ob
serves fires over most vegetated regions in eastern China, their low 
frequency except in northeastern China demonstrates that the used 
large-scale agricultural straw burning has been effectively controlled 
(Huang et al., 2012). On the other hand, the much fewer 1 km MODIS 
fires than 375 m VIIRS indicates that 2 km Himawari-8 detection can 

omit a large number of VIIRS and MODIS fires. 

3.2. Omission error of satellite fires estimated by their inter-comparison 

Fig. 5 shows frequency density of VIIRS and MODIS FRP values 
matched with 2 km Himawari-8 fires within ±30 min of their overpass 
respectively during 2019. While the upper detection limit of Himawari-8 
FRP (~105 MW) is much higher than VIIRS’s (~103 MW), the lower 
detection limit of VIIRS (~0.1 MW) is obviously lower than that of 
Himawari-8 (~1 MW). Compared with the 2 km Himawari-8, 375-m 
VIIRS is very sensitive to low-FRP fires, but can be saturated at high 
temperatures. In particular, VIIRS FRP values are most frequent at 0.9 
MW, which can be dominated by the small-area agricultural straw 
burning fires. By contrast, both MODIS and Himawari-8 can hardly 
detect low-FRP fires (<1 MW) such as the scattered agricultural burning. 
Although distribution range of MODIS FRP values is similar as that of 
Himawari-8’s, 1-km MODIS can detect more low-FRP values (<20 MW). 

To quantify the performance of Himawari-8 products in eastern 
China, we calculate the omission fraction of Himawari-8 fire detection 
compared with contemporaneous 375 m VIIRS and 1 km MODIS 

Fig. 5. Frequency density of 375 m VIIRS (left) and 1 km MODIS (right) fire FRP matched within 2 km Himawari-8 AHI FRP with a time window of ±30 min of their 
overpass in eastern China during 2019. 

Fig. 6. Himawari-8 fire omission fraction in the total matchups with 375 m 
VIIRS (red) and 1 km MODIS (blue) fire counts and its variations with VIIRS and 
MODIS FRPs. (For interpretation of the references to color in this figure legend, 
the reader is referred to the Web version of this article.) 
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observations of different FRPs (Fig. 6). It can be seen that omission error 
of Himawari-8 fire detection is nearly 100% when VIIRS FRP is smaller 
than ~2 MW. Moreover, the lack of MODIS FRP in this range demon
strates that ~2 MW is the lower detection limit of MODIS. When VIIRS 
and MODIS FRP increases from 10 MW to 300 MW, the omission error of 
Himawari-8 fire detection declines from ~80% to ~20%. There is a 
sudden increase in the omission error of Himawari-8 detection at high- 
FRP (~400–900 MW) of matched VIIRS fires (Fig. 6), indicating that the 
dense smoke of biomass burning can hamper fire detection (Csiszar 
et al., 2006). It should be stated that stagnant or moist weather condi
tions as well as burning state such as smoldering fires can also favor the 

generation of heavy smoke. 
Fig. 7 displays the histograms of 375 m VIIRS fires within the 2 km 

Himawari-8 pixel counting by the number of contemporaneous VIIRS 
fire pixels. Meanwhile, omission error of Himawari-8 fires is examined 
by comparing with VIIRS and MODIS products in different time win
dows. Even in a spatial extent of a 2 × 2 km, single-pixel 375 m VIIRS 
fires are predominant with a total number of 90323 in eastern China 
during 2019. Then, the frequency of multi-pixel 375 m VIIRS fires de
clines exponentially as the number of VIIRS fire pixels within the 
Himawari-8 pixel increases. Similar as that in Fig. 6, the omission error 
of Himawari-8 detection decreases consistently within more VIIRS fires 

Fig. 7. Number and omission fraction of 2 km Himawari-8 fires matched up with left) 375 m VIIRS and right) 1 km MODIS fire pixels in different time windows.  

Fig. 8. Comparison of 375 m VIIRS (red) of all confidence and 2 km Himawari-8 fires (green) within 30 min before VIIRS’s overpass. (For interpretation of the 
references to color in this figure legend, the reader is referred to the Web version of this article.) 
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in its pixel, meaning higher FRP from large fire areas. Despite consistent 
performance, the number of 1-km MODIS fires is no more than one third 
of VIIRS’s. With the strict control measures, the agricultural burning in 
eastern China is dominated by scattered low-FRP and small-area fires. 

As the temporal windows of Himawari-8 detection compared with 
matched VIIRS and MODIS fires increases from 30 min to 90 min, its 
omission error decreases by ~10% due to detection of emerging fires or 
maximum FRP of the burning (Fig. 7). Although Himawari-8 detection 
misses most of the VIIRS and MODIS fires, its much higher fire frequency 
in seasonal scales in the overall eastern China demonstrates that tem
poral resolution of the polar-orbiting VIIRS and MODIS observations is 
far from enough to capture most of the biomass burning fires in eastern 
China (Fig. 4). It is surprising that the lowest omission errors of 
Himawari-8 fires keep at ~10% rather than close to 0 with more than 10 
VIIRS fire pixels in. Compared with the 375-m VIIRS observations, the 2 
km Himawar-8 detection can be more likely obscured by the dense fire 

smoke (Csiszar et al., 2006). 

3.3. Uncertainties of satellite fire detection in China 

Owing to the coarse spatial resolution of Himawari-8 observations, it 
is expected that the detected fires by Himawari-8 are strong enough to 
be detected by VIIRS and MODIS. However, comparison of concurrent 
fire images shows that even 375-m VIIRS detection cannot identify some 
of the Himawari-8 fires (Fig. 8), demonstrating that the current 
Himawari-8 algorithm can introduce false fires at both high and low 
confidence. Similar algorithm flaws also exist in the Geostationary 
Operational Environmental Satellite (GOES)-16 fires in North America 
(Li et al., 2020). For the 2 km coarse resolution, threshold training of 
satellite fire algorithms can be difficult in striking a balance between the 
number of detectable fires and detection accuracy, especially for the 
small agricultural fires. Considering that the 10-min Himawari-8 

Fig. 9. Diurnal variations of Himawari-8 fire counts of different seasons in eastern China during 2019. The dashed lines denote passing time of MODIS and VIIRS.  

Fig. 10. Validation area is located within Xiaogan City of Hubei province, and the time of VIIRS (red) and MODIS (blue) fires are from Sept. 1 to Oct. 8, 2019. (For 
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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detection can provide indispensable information regarding diurnal cy
cles of the biomass burning, it is necessary to adopt more stringent 
thresholds or methods to ensure a higher accuracy of the fire products. 

Diurnal variations of the biomass burning activities can be a crucial 
factor in influencing polar-orbiting satellite fire detection. As shown in 
Fig. 9, the monthly fire counts in eastern China exhibit distinct temporal 
patterns in different seasons. The biomass burning in eastern China is 
concentrated in the afternoon during winter and spring, and fire counts 
peak around 16:00 at local time and even later. VIIRS and MODIS flying 
over eastern China around 13:30 cannot detect the numerous fires 
emerging after their overpass. By contrast, the peaks of the fires move up 

Fig. 11. PlanetScope true color images before and after three fire events in central China. The histogram in the top right corner is the burned areas of the 104 VIIRS 
fires found in PlanetScope images. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Table 1 
The commission errors of VIIRS and MODIS comparison of high-resolution.  

VIIRS PS Images Fire points Commission error 
61 108 3.7% 
Counts detected by AHI Relative omission 
3 97.2% 

MODIS PS Images Fire points Commission error 
12 13 0.0% 
Counts detected by AHI Relative omission 
0 100.0%  

Fig. 12. UAV true color images of the crop fire events and their burned area in central China. (For interpretation of the references to color in this figure legend, the 
reader is referred to the Web version of this article.) 
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to the noon in summer and fall. Time shift of the biomass burning ac
tivities can be caused by changing weather conditions and harvest habits 
in different seasons. Furthermore, the peak time of the biomass burning 
dominated by agricultural straw fires is usually within ~1–3 h, due 
mostly like to the rapid burning process of the cropland fires. 

To evaluate the absolute accuracy of satellite fires, we utilize Plan
etScope images in a typical agricultural area of central China before and 
after VIIRS (red) and MODIS (blue) fires to confirm whether biomass 
burning exist (Fig. 10). A total of 108 375 m VIIRS (red) and 13 1 km 
MODIS (blue) thermal anomaly pixels is detected within the selected 
area. As shown in Fig. 11, the visual transition from unburned, dry 
croplands (yellow) to burned (black) is visible in the satellite RGB im
ages after burning. Except that four VIIRS thermal anomaly pixels 
cannot be confirmed due to a lack of matching high-resolution satellite 
images, all the remaining VIIRS and MODIS fires are proved to be correct 
(Table 1). However, Himawari-8 misses all the MODIS fires, and only 
three fire pixels are matched with VIIRS results. Despite limited samples, 
the validation shows that VIIRS and MODIS fires have a very high ac
curacy. However, many of the scattered and small agricultural fires can 
be out of the lower detection limit of even 375 m VIIRS (Hall et al., 
2021). 

The agricultural fires detected by 375 m VIIRS observations tend to 
have a burned area exceeding 104 m2, which is approximately one-tenth 
(~7%) of VIIRS pixel size (Fig. 11). Unlike the fierce forest fires with 
high temperatures, achieving the lower detection limit (~0.1 MW) of 
even 375 m VIIRS requires the crop straw burning has large enough 
areas (Fig. 5). We also validate VIIRS fires with the UAV RGB images in 
central China. Although numerous fires are found by UAV images 
(Fig. 12), very few of them has been matched with VIIRS fires. The 
burned areas in the UAV images are usually below 0.5 × 104 m2, and 
even around 100 m2, which is much smaller than the fire areas of 
agricultural burning VIIRS can detect. The strict supervision measures 
have greatly eliminated concentrated agricultural fires, but biomass 
burning for cleaning the straw wastes are still prevalent at much smaller 
scales. These abundant small fires in the extensive croplands can ac
count for a substantial fraction in the total emissions of the biomass 
burning, which has also been largely underestimated in other regions of 
the world (Hall et al., 2021). Since spatial coverage of the UAV obser
vations is confined to local scales, how to quantify emissions of these 
small fires in the biomass burning inventory is a challenge. 

The combination of polar-orbiting and geostationary satellite ob
servations can enhance fire detection in eastern China. Zhang et al. 
(2020) improves the underestimation of biomass burning emissions in 
eastern China by using spatial patterns of VIIRS fires and the diurnal 
cycles of Himawari-8 FRP. However, accurate estimation of the biomass 
burning emissions in China can be hindered by several considerable 
uncertainties (Wang et al., 2018). Considering that the small agricul
tural fires in eastern China usually have much smaller areas than sat
ellite pixel such as 375 m VIIRS and 1 km MODIS, information of the 
actual burned area or FRP is crucial in their emission estimation 
(Peterson et al., 2013; Wooster et al., 2003). The croplands in China are 
characterized by separated small fields with clear boundaries, so the 
agricultural burning usually occurs in fixed areas rather than spread 
around. Also, whether diurnal cycles of Himawari-8 fire counts and FRP 
can represent characteristics of the prevalent small fires needs more 
examinations. In particular, biomass burning in eastern China is going 
through dramatic changes due to both more stringent control measures 
and rapidly developing agricultural activities. Additionally, the abun
dant small fires cannot be detected by the current satellite products 
should be considered with improved algorithms as well as 
high-resolution observations such as PlanetScope and UAV images. 

4. Conclusions 

The massive emission of biomass burning play a significant role in air 
quality and climate change. Although satellite fire products have 

provided fundamental constraints for estimation of global biomass 
burning emissions, their limitations in spatial and temporal scales can 
lead to high-level uncertainties in both satellite fire detection and 
emission estimation. In this study, we present an overview of the per
formance of common satellite fire products in eastern China. Owing to 
the limitation in spatial and temporal resolutions, both polar-orbiting 
and geostationary satellite observations have large omission ratios in 
detecting the abundant agricultural fires with small areas and rapid 
burning process. The inter-comparison between concurrent 375 m VIIRS 
and 2 km Himawari-8 products shows that Himawari-8 detection misses 
nearly 90% of the VIIRS fires. By contrast, the whole amount of daily 
VIIRS and MODIS fires in eastern China is only less than one-half and 
one-quarter of Himawari-8 results because many fires out of their 
passing time cannot be detected. 

Even at all confidence, VIIRS and MODIS fire detections have very 
high accuracy in the validation with high-resolution satellite images. 
However, Himawari-8 fires have important algorithm flaws with notable 
false alarms. Moreover, the 2 km Himawari-8 detection is more likely to 
be influenced by dense smoke with an omission ratio of ~10% even 
when the FRP or burned area are relatively large. UAV observations 
reveal numerous agricultural fires with burned areas below 0.5 × 104 m2 

in the croplands of eastern China, which cannot be detected by the 
common satellite products. With more stringent control measures, the 
biomass burning in China has undergone dramatic changes with smaller 
scales but frequent occurrence. To improve estimation of biomass 
burning emissions, more advanced observations and retrieval methods 
are in need. 
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